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X- 24B Fl ight Request 

26 February 1974 

Fl ight NO: B-9- 16 

Scheduled Date: 5 March 1974 

Pilot: 

Purpose: 

Launch: 

Landing: 

John Manke 

1 .  Envelope Expansion to 1. 1 Mach Number 
2 .  Stab i lity and Control a t  Mach Number> 1 . 0  
3. Performance and Longitud inal Trim at . 9  and . 8  Mach Number 
4 .  Fin and Rudder Pressure Survey 
5 .  Boundary layer noise and vibrat ion experiment (RED PLUG) 

Cuddeback , Mag Heading 209° + Cros swind Correction 
Angle . 45 , 000 fee t , 190 KIAS . Flap Bias "Manual" , Upper 
Flaps = -40° , Lower Flaps = 2 7° , Rudder Bias Mode "AUTO" , 
Rudder Bias = 0° . Rudder Tr im = 10 Lef t . Aileron Bias 
= - 7° , SAS Gains 6, 5 ,  3. Mach Repeater "Manual" = 1 . 0 ,  
KRA "AUTO" , Hydraulic Pumps 2 and 4 on . 

Rogers Lakebed Runway 36 

B-52 Track: X-2 4B Track #3 (R2502 , R2524 , SPIN AREA 1) 

ITEM TIME ALT 

1 0 4 5  

2 2 2  43 

3 34 4 4  

4 78 54 

5 84 56  

A/S a 

190 5 

2 50 15 

230 1 5  

190 14  

195 10 

. 7 1 
( . 70) 

. 87 
( .  85) 

. 84 
( . 82 )  

. 87 
( .  85 ) 

. 90 
( .  87 ) 

EVENT 

Launch , Light 4 
Chambers , Trim to 
and Maintain 15° a 

Max Mach during 
rotation . 

9 = 30° Maintain 9 
(cross check a) 

At 54K Pushover to 
10° a. 

Observe vehicle's 
hand ling qualities .  

30° 



ITEM TIME ALT A/ S a �/Mi EVENT 

6 102 58 2 20 10 1.05 At 1 . 0 5 MachT shutdown 
(1. 05) chamber #� per form 

rudder and aileron 
doublet, evaluate 
handling qualities . 

7 1 18 58 230 10 1. 10 At 1.10 MachT shutdown 
(1 . 10) engine . Perform rudder 

and aileron doub let , 
maintain 10° a dur ing 
decel to . 9  MachT . 

8 135 56 195 10 . 92 Perform gushover-pul lup 
( .89) 5° to 16 to 10° a ,  

retrim t o  13° a .  

9 167 46 220 13 .82 Perform pushover-pul1up 
(. 80) 5° t o  16° to 10° a ,  

retrim t o  12° a .  Main-
tain s teady conditions 
to . 7  MachT. 

10 196 40 200 12 . 65 Rudder bias to "Manual" 
(.64) toe rudders in to -10° 

and return to oo while 
maintaining cons t ant a .  

Rudder bias t o  "Auto" . 

11 216 33 200 12 .64 Highway 58, turn to 184° 
head ing. Set SAS Gains 

(.63) 4 ,  3 ,  2 . 

12 237 31 210 12  . 58 Change configuration 
(. 5 7) to -20° upper f laps . 

1 3  250 29 2 20 10 . 56 Jettison remaining pro-
(55) pepants approx 10 sec . 

(6 70 lbs lox , 630 lbs 
WALC) vector t o  low 
key. 

14 295 22 220 10 .52 Low key , rocket check, 
(.5 1) #1 and #3 hydrau l ic 

pumps on . 

15 Set Mach repeater to • 3 
during final. 

� 

2 



NOTES: 

1 .  Nose Ballast 2 20 lbs (+ 100 AMP HR Equp 

2 .  Weight-lbs cg-% 

Launch 1345 7 6 5. 9  
Shutdown 9550 64 . 1  
Landing 8394 64.0 

3. Engine S/N 8 ,  Pump S/N 8A 

Thrust = 2, 100 lbs/chamber 
LOX Flow Rate = 4.51 lb/sec/chamber 
WALC Flow Rate = 4. 05 lb/sec/chamber 

4. Power on Base Drag Reduction Cc = - . 005 

5 .  Pitch Attitude Null at 30° 

Ground Rules for NO LAUNCH: 

1. Radio, radar, PCM failure 

2. Electrical or SAS malfunction 

3. A/S, altitude, Machmeter failure 

4. Angle of attack or sideslip malfunction 

5 .  Any control system malfunction 

6. Loss of cabin pressure 

7 .  Turbulence below lOK in excess of moderate 

Batt) 

(gear down) 

8 .  Surface winds greater than 20 kts or crosswind greater than 10 kts 

9. Failure of engine control box heater 

10 . Failure of stick shaker 

11 . Must have 3 good igniters to launch 

(In addition to standard ground rules published in Lift Body Joint 
Operations Plan) 

Alternate Situations After Launch: 

Failure 

1. Radio, radar, PCM 

2 .  Only One Chambers Operates 

Action 

Proceed as planned. 

Vector for RW 01 Cuddeback, shutdown 
chamber, jettison, change configuration. 

3 



Failure 

3 .  Only Two Chambers Operate 

4. Only Three Chambers Operate 

5 .  Delayed Engine Light 

6 .  Total damper failure - any axis 

7 . KRA "AUTO" Failure 

8. Angle of Attack (Indicator 
Only) 

9 .  Total An�le of Attack 

10 . A/S, altitude, Mach 

1 1. Attitude System 

12 . Premature Engine Shutdown 

0 - 60 sec RW 01 Cuddeback 
60 - 85 sec RW 18 Rogers 
iS - up sec RW 36 Rogers 

4 

Action 

Maintain 15° �. Change configuration 
to 30° upper flap at .7 Mach No. Shut
down on NASA I call ( : 200 sec) . Evaluate 
dampers off handling qualities at pilot's 
discretion. 

Maintain 15° a. At SSK pushover to 80a, 
Engine burnout at : 1 . 05 MachT (1 72  sec) · 

Perform planned data maneuvers. 

Proceed as planned. Use 359 (15° a Max) 

Fly 3 Chamber profile, limit Mr to . 9. 
(For pitch damper failure rotate at 13° a). 
Data maneuvers at pilot's discretion. If 

control is marginal go to two chambers. Rot.'- DAMP� �=-�1 1-U't.& - MAC ... R!P. "TO • 3 
Set to manual 10% and proceed as planned. 
If "MANUAL" mode inoperative-switch 
to "EMER" position and to above value. 'lE:T 
Proceed as planned using backup angle of 
attack gage. KRA "MANUAL" 10% , stick 
shaker off. 

Fly Two Chamber profile, use 200 KTS 
instead of 1 5° a. To rotate fly l.Og 
to 230 KCAS then fly 1.2g to 200 KCAS. 
(KRA Manual 10% , stick shaker off) 

Proceed as planned using a, 9 and time 
for profile control. 

Proceed as planned using backup attitude 
indicator. 

&!4;-IJ. � 
ROBERT G. HOEY I 
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F l ight B - 9-16 F l i g ht Pro f i le 

Overa l l  t he pro f i l e  contro l  parameters (a ,  pushover cond i t i on s ,  eng ine 
s hutdown t ime) were very c l o se to the p l anned event s  for t h i s  f l i g ht ( see 
tab l e). However, the veh icle exceeded the pl anned max alt itude by 2,600 
feet . Thi s amount o f  a l t itude dev i at ion had no detrimental effect s on the 
pl anned object ives of the f l ight . A compari son of the p l anned and actual 
pro f i l e  (al t  vs downrange) from t he rea l  t ime radar p l o t  indicates an 
apparent d i f ference in cl imb ang l e .  It s hou l d  be pointed out t hat winds 
different from p l anned can s ignificant l y  ef fect the actual downrange track , 
resu l t ing in fa l se conclus ions about c l imb ang l e .  However , a compari son o f  
fl ight path ang l e  (y) between actual and t he pref l i g ht s imulator run does 
in fact indicate that t he actua l y was higher after 50 seconds . It i s  
in terest ing t o  note that y from radar and interna l data ag reed reasonab l e  
wel l o n  t h i s  f l ight ( see figure) . Previous f l ight s had indicated t hat y 
from i nternal data was 2 to 3° l ower t han radar g iving r i se to doubt s  on 
the accuracy of t he pitch ang l e  from t he plat form . The p l atform i n  the 
veh i c l e  was cha11ged between f l ights 7 and 8. A l s o , s hown i s  a compar i son 
o f  t rue Mach number versus a l titude between the actual and the prepl anned . 
The compar i son i s  con s i dered quite good and g ives some con fidence to t he 
overal l  va l i di t y  of the s imul ation. 

F l ight B-9- 1 6  

Compari s on Of P l anned And Actua l 

Profi l e  Contro l Even t s  During Boost 

TU1E ALT KCAS MACH.r EVENT 

P l anned 2 2  42000 2 5 0  .87 Max Mach during rotat ion 
Actual 22.8 4 1 687 2 57 .871 

P l anned 34 44000 230 . 84 e = 30° 

Actual 33.4 42820 234 .82 2  e = 2 9o 

P l anned 78 54000 190 .87 Pu shover 
Actual 77. 0 539 9 0  199 .89 5  

P l anned 97 580 00 2 1 0  1.0 M=l . O  
Actual 98.3 58260 203 jump 

P l anned 102 58000 2 2 0  1.0 5  Shutdown Chamber # 1 
Actual 101.7 59700 2 08 1. 037 

Planned 118 58000 230 1.10 Shutdown 
Actual 115.9 60600 215 1.086 

T ime s hown i s  from eng ine s tart 
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X-24B Deriva t ives 

From f light 9 ,  t he f irst two sets of lateral-directional derivat ives 

above Mach one were obtained . One of  the maneuvers was power-o ff , and the 

other was power on. Both sets o f  derivat ives were near 1 . 05 Mach number 

with an angle-of-a t tack between 9 and 10 degrees. These data are presented 

in f igure 1 along with p ower-off wind tunnel predict ions . Additional 

sub sonic data were also obtained and add to the base of previous flight data. 

From f igure 1 ,  Cis and CyS were near wind tunnel predictions. Overal l , 

ens was a t  or above predictions and showing a possible power effect. c � 0� 
i s  s light ly higher than predicted, while en is lower thus indicating better 0� 
f light handling qualit ies due t o  aileron. Likewise , rudder characteristics 

are better than predicted. Damping charact eristics have their normal scatter 

but are generally wel l  behaved. In summary, these flight data general ly in-

dicate a bet t er flying vehicle in the high transonic region. 

Both Newton-Raphson and Hybrid matching results are shown in t he figures. 

Agreement between the two programs is outstanding for the two maneuvers 

analyzed. 



r---;--.. ·------- ---·-----. --- -- ----�-- ;--· - -· --------------· 

F.IGUR£ .. i. ,: . -· ----- . . . . : M::.: I.O}V\1/ND. 
-:-�.M.:=L t .TU,f\l�El 

. x� 24.8 :.DE.R\VATIVES�-- 610 . M"-1.0.5 · F L \G H I  
sou D� POVvE� . . oN. :_ · ____ __ , 

1-- --
: --: ·--�:�--�-. 002 - -. ' 

-�---1 .  

-�� :; __ .65.� 
"::- L· -

---- _ ; _ _ . 

- .. .. ... .i.. 
• i ' 
-- ·-'--· ·- - - ·--- _ _  i 

o New roN- RirP-fiso)v 
_ e::.·'-f/:,/i3Rii;;:··Mif1r)itilj&. 

._._., 

-,I ' 
: . l I 

• · . I . :c j - -i I I -- . 
. T. . . .  ·- ; �-- - ·  __ t -- - . .:.� . .:��--� 

--- ;cz���c::::���-�-�:.:.: :_:.; -- :_._: .. _---h�-- _ !_ _ _  .. ·-_-
,
: - __

__ :._ 
_
:_ --�: ��� __

_ 
�;;_ . 

. .. . . "! ---· 

--: :c_j � '7i -· 

- -- - --------- ';' 
. --:-:.::--?:�: ... 

:..---- � - -

...... � ..... ___ :. 

.. 7: :J: .. �: _ _  :.:_ i -=7�:=�t-�r:��8L-_:l 

·c , I,R" . - -- : Jr·:----. 

· r 

r·--- 
I . .

• 

.t. ·: 
- -_ -;-:_�;- =: r:� · - -�=1 

-�- . --;, ·.--·;..._- - �  
• • �. t -

i.-
. - <: :>:==�-r-:::::-·(�:::1; 

. -
·
-·· ·-r . - . . -- . ; - ... __ :_;,.- . ... _: 

. 0:....::_ - ..L--�-'-�-�----:---:------:-" --�--'- --- -- �- : : .. ;: �-;�:�l_-;��l: �-;�? 

--�-�- ,': , -- ;-:- �c+. __ {_-_ -_: "".· �.�-- ----[-_' ll! 

0 
0 

. L: .: · · ·  ;-..... · -- + -' i- . 
-- ·-· _· :-::-:!,·. :. I· . . - -� .=-- ---· - - _@· 

...... 

; -· . ..... , 

4 8-- 12..--

J 

l : - -�: ·;.:_-.. ;:-� : f -
- - . _ . : · . . L�:.J.-t · .: · 

-�- _ •• .- c;F-'Cci'.. -F�- �-

- ' 

- i 

tb 
DEG, 

_: t-
----·-·- . .  

20 
... i 

_:---·--�---
_ .: .. :...:-_ __ . __ . � 



J -� ." 

J 
'J 
'! 

!· f"' I 

I 
i' 

·I �-
, . . _ . 

____ J._. � -· 

.. ·:. 

--'-- · 

__ : ____ --�--.- - --
.

. -
. 

-�---�---r--.---�------- �� -- � :-:-- --�---- ����--:: :�-l 

CONTi'-
· ! ,. 

·- · :_-:_.:.__�_ --:�--=--

. .. 

·' I" ' . - -- ---
: _ ___ i_ __ -- - - ·-- ..... - J ·I 

·I I 
�- -l 

. I ! 
! 

. . __ :I i 

1: . !.· 
-- 0 ·-.·:-::- L.l ---1,;_ .. __ _;__;_ ___ ;____;_;_ 

. 
..;_I _____________ -' _i_. 

i.' 'i' � :. 

!' .... - --� 'i 
_,_,1. , DEG •. . 

.j. . . . . ; , .. 

-- - --- ---- : __ - ··------·-, . .:. ___ ··-------- -- - ----- - --· 

.. +:·- -

· -·-- � .. -�: . .:..._: . . ! 

: .. " :: ... : .. , 
I --- ·-·-·1 

_ : L-. :_ � " . i 

.-;-· I 

i· 
i 

' I 
· I  . .. 1 

I 
I i . , 
I 
! 
I 

- _ _____ j 



' 
t 

1-
' 
i-

,. 
!_ 

: -

r -

-·--··----- r ----- --- -�- - --- �- -� ------� �-:� �---: . ---� ------- � -- �-=- ;� �:. :.:X� 
I· ! 

�- - --- --

1- -
. r· -,.-----

···; o oz.--
- - . - ' • . - -! c) - , .. -;-- L ('- -- -: :----:-' aY _ 1- _ . 

!-· 
:: . - . t. . . 

_ __,_:.:._· D· Ez..:-:-_ , __ -· _...: 
• .  : \.,:::7 . : • • •  ·:_-

1---: ·-- -�i-:: .-;.: --· 

:_ - ;::::.: ._- �. �-- 6 ., . 

L::; 

. . ' 
1. 

. �. 

.. , - �- -

;--.oor�----
\ . -- . 

0. 

1. • •  

-
. 

. I 

. -- i -·---

·-- . t 

. l 

. .. __ -- - --------
1 

.. ' ...... - - � 

. ., z::::z 

-1�--
f. 

== == 

• • I • • •  • •  r , _____ ------- ____ ____ ... -· 

! .. 

. ' 

=- -

t....:: __ 

I 
, . 

.. . . • • •  •• - - .  ' • • . . _·· : . f 

·j 
_ _ __ :__ .. ·:j 

· · f . 

--· --- - - - ·- --:--- ·---

. . ! 
- . - -

-------+-- ---

-- .! - __ •;___t -

.. !.· ! - ------ ;-�:- --:-:-···- -- --:t - � - ·---

-· !:• - . ----!- -
-: .. ---- .1 .... -;-----r . r :.I 

_, -
, 

_ , 

··-·--- ·-- - L--------- ----

r--
, . 

+ I 

·: 

_______ i, 

,· 

i-· 

; .. 
·I ., 
:-t -· - . 

., 

--- -- --. ' 

.. ·+ 

. ' . -
'

-- _,_ - - _ ... _ - -

--l 

.�·_,1T={��;{�:-0l 
:l . . 

- �- ___ :l� _, _ _:_·_:.. ��� 
, . 

' .  
• . ·j 

I 
- ·  . ' --·-r·:::-:-=-:=:-_-- :-, 

0 4- s-- I� 1(:, zo-- 1.. .. -, . . .. 

--- .. !. - ---. -
o(., 

., 
. :l 

·i 

.I 
I··----- - :· I I 

.L. 



_FIGURE i I CONCLUDED. 

; . 

- -- -:-1- --··-

r r--· 
I 

: ! · · f ---�-- .. 

I . . ·• .  
. .. 

I . 

, ·  ' .
. : - �- -

. .  :i 

·i·.· 

i. 

L: 

.. to·-· _1 : 
:- :-:·-·· 

,
· 

:.�.;--_::=.; 
·

_ 1 - t.: 
r 
·
· - · ·- ; 

'
-·--::.... ·� . ··�- __ : :_: - C> -- :... ; . . . 

- • 0 . . . . ... --:- ··.
- :---· __ ,. 

r��� : :� 
I·· ·ri��r:�! - 4· ---

! � �'!. . : . � ' -

L ..... 
i i - =-=t .... :. . .. : : . __ _ 

.. 'i' .j 

.:
·t . 

·
+--·-·- __ : · . j 

' . 

: _, ..... 
.I 

._, 

·, 

· i 
-·. ---:-

. . � 
··-;-_-.... -- . - . 

! .. 

·-··y-

8 

. , . 
-- � 

.. : :.!.: . .: . . .. . �- :. 

. . •. I 
:. �1 �1 ' 

' 
:
-··:-·-- ------

c�l< l ·· i .. ; . 7:--:.::.:::: -=---

i ... :· 

. I 

. i: 

�-- -� 

12. 

- ,··
.: . : ... 

-::·;-- ·---- . 

--! 

. I 

- I  

, _ _ . 

. . -···t ··-. � 
: � . : : !. 

_ _:_!---. . . . .. � . -

. .  !. 

I. · t · • " t 

DEG. 

ESTIMATE 

. , , 

. ,:_ 

-·-.. ::!.:.:� 

. ---·· _;,__. -· 
-- -- -- +- . 

_: . . /�:_ ; __ [.::.,_ . : -r.

.: :-·:�_.:_ __ �--:.::::;.:.�.;;:.... ·: 

: l :: :· .. : �� 
··_:---:-:-:-··'-· 

.:�_-.---�� ---��-i.::�:::.· 
:·:�: ·.: . �:.· ... 

·- __ ! 

·.- ''" :-" .. ---· 

·: 1 ·
. .. ,. 

. : . . , 
. ···-...-·---�---.!:.- ..:. .. · 

_:!- . -

··- .  : . . . . ;- -; ---�' 
- --------· 

. --··- ----' . 
--�---

·
_: -. .. 

·• . .  
. .  · ·- ; ··------,.--· ··-· 

I '\ . 

-:�r----- �_:_� .-; �--_ ... _ _:_ 

-· t 

:· . _:... -i-:' 
. i -· �---- --·--

.I ' .. ·' ··:- . ' 

. - 1 --:- � . : :: �-

L , . 

- �-. 



Performance and longitudinal Trim 
By 

D. Richardson 

During f light nine , the pilot accomplished two planned pushover
pul lup maneuvers in the transonic configuration at 0. 9 and 0. 7 6  Mach 
number. The performance data from these two maneuvers were corrected 
to the standard e.g. location and are shown in f i gures 1 to 6. The 
normal force data compares well with the wind tunnel predicted data, 
however , the chord force is slightly higher than the wind tunnel data 
at the higher angles of attack. 

Fi gure 7 is a comparison between the X- 24B simulator predicted 
transonic trim change and the actual transonic trim change . This trim 
change was accurafiy predicted by the simulator although the X- 24B simulator 
does trim with one degree less ele�or than the flight vehicle . Note 
that the data in this figure is corrected for the engine misalignment, 
however, the X- 24B s imulator does accuratly simulate the effect of engine 
misalignment. 

Figures 8 and 9 are the longitudinal trim data from the two pushover
pullup maneuvers. This data is consistent with all previous flight data 
in that it shows a reduction in static margin when compared with wind 
tunnel predictions. 
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Outboard Fin Pressure Anoma lies 

By 

D .  Ri chardson 

T\0.0 pressure orifices were instal l e d  on the inbo ard surface of the 
righthand fin prior to fl ight nine in order to aid \iith the continuing 
s tudy of the fin pres sure anomal ie s .  These orifices are in the same 
l ocation as l efthanJ fin orifices 48 and 72 . 

It Has interes ting to note that the abrupt pressure changes were often 
asymmetric in natur e .  A l so ,  in many cases the r ighthand fin pressures 
lagged behind the lefthanJ fin pre s sures . The rudder hinge moment s ,  
as measured by strain gage s ,  responded to the se pre s sure changes as ,.,rou ld 
be expected . 

A plot of the ang le o f  attack and Mach number conditions where these 
abrupt pressure changes occured is consistent with prev iou s  f l ight data 
(figure 1 ) .  It was observed that above a Hach number of 0 . 9  to 0 . 92 

the fin pressures were steady . It i s  bel ieved that thi s  s i gnifies that 
the air f l ow over the f ins has gone super sonic . 
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F l ight B - 9 - 1 6  Sides l ip/ Wind I nves t igat ion 

By 

Denn i s  J .  Penka , Captain 

The inv e s t i g a t i on of w ind induced s ides l ip excurs ions begun as a 
resul t of F l ight B - 7 - 1 4  was con t i nu ed to inc l ude F l ight B - 9 - 1 6 . Once 
again , Si dewind vs Al t i tude Profi l es were comput ed based on fl ight meas 
ured parameters and compared with the s ame pro fi l e  computed from weather 
station winds . Resu l t s  were s im i l ar to tho s e  obt ained for other f l ights
comput ed as cent and descent pro fi l e s  compared we l l ,  showing s evera l 
abrupt wind shift s  with a l t i tude , whi l e  corr e l at i on w i th weat her stat ion 
wind s was poor (figure 1 ) . Again , the w ind profi l e  obtained by weather 
bal l oon showed none of t he abrupt wind changes found in the computed 
profi l e s . 

In an at t empt t o  obtain another wind profi l e  by ind ependent mean s ,  
the contrai l l eft b y  t he vehi c l e  during the powered boo s t  was fi lmed b y  
a fixed ground based c amera . T h e  wind profi l e  extract ed b y  thi s method 
showed abrupt changes w i t h  a l t i tude and compared remarkab l y  we l l  w i th 
the comput ed w ind profi l e s  ( fi gures 2 ) . 

The weat her station wind profi l e s u s ed are norma l l y  obtained with the 
Rawinsonde GMD - 5  system .  The w ind values obtained are mean values over 
some a l t i tude increment and it i s  fe l t  that thi s syst em may not be 
suffi c i ent l y  s en s i t ive t o  d i s c ern the w ind chang es s hown in the computed 
w ind pro fi l e s . In an effort to obt a in a more accurat e w ind profi l e ,  a 
J im sphere bal l oon t racked by F PS - 1 6  �adar i s  p l anned for the next f l ight . 
Th i s  system i s  said to be c apab l e  of det ermining the m ean wind value in 
an a l t i tude increment of 2 5 - 1 50 met ers to w i thin ± 1 . 5  k t s . 



IJ 
t· \\ � 
)( s-o 
1-

u 

) 

\j 
r.:l 
:s-
1--
)... 'I� 
.J 

ct 

0 / ()  

X - .2 '1 8 � LT iJ- CJ - / 6  

RQ "'-'H s o ;-�  C>t£ 
\_._...-- D � TA-
1 

'-/ 0  

w 1 �1 \) 

) 

S / D £ \A/ 1--.f i) Co ""1 {J 0 N c;_- r..J t """' FT I .S G C... 
FI G- I 

6 0  





IIA.'JDL HJG QUA L IT I ES COl !!tENTS 

BY 

J ohnny Arms tron g 

Th i s  fl ight was t he first powered f l i ght that inc l uded a four chamber 
rotation from 45 , 00 0  fe e t .  The maximum l-iach number durinR the rot at i on 
\�a s  as predicte d  - . 8 7 �lach number . The hand l i n g  qua l i t i e s  during th e 
ro tat ion (a= l 5° ) were cons i dered to be good , receiv i ng pi lot ratings of 
3 . 5  i n  p i t ch and 2 to 2 . 5  in rol l /yaw . Th e l e f t  hancl low e r  rudder hinge 
momen t d id indicate a brief period o f  buffet ( f l ow change ) near peak q ,  
hO\�ever , t he magn i tude was not suffi cient t o  b e  fe l t  b y  the pi lot . The 
s imul a tor \va s  programed to inc lude the l atera l o ffs e t  cg to the l eft of 
approximate l y  three-qu arters of an inch - causing the veh i c l e  to have an 
anno ying l e ft rol l i n g  moment and a s l i gh t  nose right s id e  s l ip . Previous 
fl i ght re cord s i nd i c ated that the veh i c l e  t ended to f l y  in about a one 
degree n o s e  right s id e  s l ip . For thi s f l i gh t  a 1 ° l e ft rudder trim w as 
s e t  in for l aunch to red u ce t h i s  s teady side s l i p .  In addi t i on the p i l ot 
dev el oped a techn ique in the s imu l ator to use h i s  l e ft hand to cotmter 
the l e ft ro l l  ten dency and thereby a l l owing him to use h i s  right h and 
primar i l y  to control the p i t ch axi s . Thi s  te chnique w as  ut i l i zed durin g 
t he fl ight and was , t he p i l o t  fe l t ,  benefi c i a l  in improving h i s  abi l i t y  
t o  rna inta i n  prec i se contro l during t h e  rot ation . 

At appro xima t e l y  . 9  Mach number on the previou s  p m.,.ered f l i gh t  (B-7-14) 
the pilot observed a side s l ip anomaly of 2 to 3 d e grees that caused him 
to be c oncerned w i th the stat i c  stabi l i ty of t he vehic l e  and resu l ted in 
a p i l o t rating o f  6 .  Post f l igh t  ana lys i s  of th e maneuver indicated that 
the s t ab i l i ty was s t i l l  posit ive a l th ough degraded from power off pred ic
tions . On fl i gh t  n ine a s imi l i ar s i d e  s l i p  anoma ly occurred of lower 
amp l i t ude and shorter duration . Thi s  occurren ce w as ob served by the p i l ot , 
however , i t  did not conc e rn  him as much as it h ad on f l i p,! 1 t  7 .  A p i l ot 
rating o f  3 . 5  wa s given for the l at e ra l -di re ctional axi s for t h i s  f li gh t  
condi t i on . Howev er , i t  i s  i n t eres t in g  to note tha t  b oth s i d e  s l i p  
anoma l i e s  o ccurred a t  near identi c a l  cond ition s  o f  l lach n umbe r  and a a s  
s hown in the accompanying tab l e . At the s t art of both con d i t i on s ; surface 
pres sure s on the left and r i gh t  (on ly 2 pre s s ure s )  i nd i cated an un s t e ady 
f l ov; condit ion g iv ing r i s e  to the thought that asymmetric vortex impingment 
on t he fins may b e  the sourc e o f  the forcing fun cti on that causes th i s  
anomal y .  

The l on gi tud i na l  trim change b e tween . 9  and 1 . 1 Mach numb er was c lo se 
to that pr ed i cted by the s imu l ator u s ing the wind t unne l d at a .  The p i l ot 
had no d i fficu l ty maintaini ng the des ired a during the trim change . The 
hand l ing qua l it ie s  abov e t lach 1 .  0 were qui t e  obvi ou s ly bet ter t han that 
observ ed in the , 9  area . TI1e pHot rated the handl in g  qua l i t i e s  i n  both 
p i tch and l ateral -direc t i on a l  at 2 . 5  



FL IG! iT 7 

T HiE OF DAY � I  0. B EVENT 
1 1 : 1 7 :  00 . 0  . 884 1 1 . 5  0 8 s t arts out (nose righ t )  
1 1 : 1 7 : 02 . 7  . 890 1 2 . 5  - 1 . 0  Divergence rate increases 
1 1 : 1 7 : 04 . 0 . 896 1 2 . 7  -2 . 0  � stops moving out 
1 1 : 1 7 : 04 . 8  . 900 1 2 . 4  -2 . 0  B s tarts b ack 
1 1 : 1 7 : 05 . 4  . 903 1 2 . 8  - 1 . 8  Pi lot put in re covery rudder 
1 1 : 1 7 : 06 . 6  . 9 1 0  1 2 . 4  0 B thru zero & over shoots 

(nose left) 

FL IGI IT 9 

1 1 : 47 : 20 . 5  . 892  1 2  - . 6  � s t arts out (nose righ t )  
1 1 : 4 7 : 2 1 . 8  . 895 1 0 . 2  -2 . 6  B stops mov ing out 
1 1 : 4 7 : 2 2 . 4  . 9 03 9 . 6  -2 . 8  B s tarts back 
1 1 : 4 7 : 26 . 2  . 9 2 9  9 . 7  - . 4  B back at starting value 
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Fl ight B-9- 1 6  Technical Debriefing 

PI LOT : John Hanke 

1 .  Describe the launch transi ent ( 190KIAS) 

Answer : 
We actually l aunched at 184  kts (due to B-52 Perform;mce) and it was very -

mi l d  transien t ,  I didn ' t  noti ce any difference between thi s  and the l ast fl ight . 
I t  looked l ike the airpl ane wou ld have trimmed at 10° a .  I was •ea l l v  p l e aserl 
with our launch trim set t ing. 

2 .  Discuss the engine l i ght sequence and any associ ated trim changes . 

Answer: 
Light sequence was to get chambers 2 and 4 first , and on ce I got the 

orange l ights to come on , then 1 and 3• I h i t  the switches j ust as quick ly 
after I hit the l aunch swi t ch as I coul d .  I went from l �unch sw itch right nn 
down and I ' m a l ittle more careful now b ecause we ' ve got the over ride sw i tch 
down there al so , so I l ook down to make sure I h ave the correct swi t ch  before 
I throw it , so I ' m probably losing a good s econd . The one thing I did noti ce 
was I could hear the pumps start up and I coul d  fee l  the engines starting , 
and before i t  got up to ful l  speed , I fe lt three d i stinct chugs in the 
longi tud inal axi s in the engines , three distinct changes in l ongitudinal "g'' . 
Th i s  a l l  occurred right before the l i ghts came on ,  so mayb e the last one 
occurred after they came on and then I hit the other two swi t ches and the second 
two chambers seemed to come up norma l ly .  They came up very qui ck ly and it 
was a good l i ght from that point on .  

3 .  Discuss the hand l ing qualities during the rotat i on . Rate pitch , rol l  
and yaw . 

Answer : 
I didn ' t  not i ce any specific trim changes during the l ight hut i t� - very 

much l ike the simul ator , once you come up to 10 and hold i t  and th en h i t  the 
chambers the airp l ane tends to increase in a ,  pretty much by itse l f. It rtoesn ' t  
take much back stick to get i t  on up to 15 , and a guy has to watch i t  close l y  
because each t ime you get up towards 15  y ou  h ave t o  rlefini tely stop it there 
and put in some forward stick to stop it . Then start trimminJ! arounrl 15 t o  
find out where its going to b e  comfortab l e .  

I l ike the airpl ane more thi s  time because we had put i n  the extra h a l f  
degree o f  rudder tri m .  I l ooked down at sides lip and I can ' t  te l l  you ��hat 
the number was hut after seeing it I was satisfied it wasn ' t  �nin� to be a 
prob l em .  

I went to the two-hand technique on the sti ck , I put my left thumb on the 
stick to put j ust a l i tt l e  right ai leron in to keep the wings l evel and I used 
my right hand for j ust pi tch contro l alone .  I was ah le to trim the airp l ane 
back and I \'las sati sfied that I was flying between 14° and 15° alph a .  Alpha 
bobbed a l i tt le bit between 1 4° and I S O  but I fe lt very p l eased with the a lph a 
control in thi s  portion of the flight . I t  sti l l  i sn ' t  rea l  s olid , you can ' t  
j ust come up and lock it in on a given a• I fe lt that using the two-h and 
teclmique and not having to worry about Bet a ,  I control l ed it as wel l  as it 
could be contro l led . 

I rate the pitch in thi s  area of rotation at 3 1 /2 and the ro l l  and yaw , 
I didn ' t  have to pay much attention to these two axis , s o  I guess from tha t 
fact I ' d  rate them from 2 to 2 1 /2 .  



4 .  (a) D i s cus s the task to maintain 30° e a�d r�te . 
(b ) How d id a to maintain e compare w i th the s il"ll t l ator? 

ANSWE R ;  
( a )  I t  requi res a b i t o f  atten t i on t o  ho ld a ver':' con s t :� n t  "• I cH d l et 8 

drag a l it t l e  and, because of the high cal l s  I go t , I dicin ' t  \·Jorrv ahont: pettin fT 
i t  back right after 300 e .  But i f  a guy \'las to fl':' a roorl sn 1 i rl A � :tsk and not 
have to make head in g  changes and things l ike that it wou l d  s t i l l  nres ent a b i t  
o f  a task b ecause we are sti l l  get t i ng trim change s . S ince we ch an !Yed ' tach 
number in this area .  I ' d rate that at � to 3 1/2 . 

(h ) I thought that i t  was about one degree less in the :ti rn 1 'ine than in 
the simu l ator . 

5 .  Dis cus s the hand l in g  qua l i ti es above . l'l  Hach Number wi th power on . R ate . 

Answer : 
Th i s  i s  th e area that we were concerned w i th l ast t ime . On thi s  fl i gh t  i t  

seemed l e s s  troub l esome . only on e  t ime d id I s e e  Beta st art out to the left . 
I t  caugh t my attention but before I cou l d  do anything i t  s t arted back towards 
the center agai n .  

So from tha t  s t and point not b e ing worried about it , i t  w as a l ot better 
than the l as t  t ime . I think that if we fly i t  through here a �ew t i mes , our 
confidence w i l l  go to the point whereas we won ' t  worrv ab out i t .  Bear in mind 
that we went through here faster thi s  t ime than befr;re s o  I snent l es s  t ime 
l ooking at i t . Limit hand l ing �ual ity to thi s rat ing as l atera l - direct i ona l 
at 3 1 / 2 .  At thi s  t ime I was 10  alpha and I found no di ffi cul t':' in holding 
the ai rp l ane at 1 0° alph a .  I ' m going to rate thi s at 2 1/2 to 3 in pi tch . 

6 .  (a) D i s cuss the h andl ing qua l i t i es above 1 . 0  Hach Numb er wit1-j p01o1er on . 
Rate . 

(b) Compare the veh i c l e s  response to the doub l et set with the si.mu l ::�tor. 

Answer : 
( a) The airp l ane has better hand l ing qual it i es above :-lach 1 th ::�n i t  d oes 

in the area of . 9  to 1 . 0  area.  You can te l l  the defference i n  con t ro l  
sens i t ivi ty , sens i tiv i ty decreases hoth in p i t ch and i n  ro l l .  In th i s  area 
I rate these at 2 1 /2 - that ' s  p i t ch and l at er a l -directi on a l . 

(b ) As I mentioned in the other rl eb r iefing I thou)!h t that the ai rn l ::m e  
was j ust a l i tt l e  b it better damped th�n the s imu l at or .  I c an ' t  pick ou t 
the damp ing very we l l  on an ai l eron pu l se , hecause I don ' t  pet enou!!h a i rpl an e  
mot ion on ai l eron pu l se t o  be ab l e  to te l l  hut on rudder pu l s e  i t  seemec1 l i ke 
the airp l ane was better damped than the simul atnr ; response w i s e  thev are 
about the same . 

7 .  (a) D i s cuss the performance aspects of the boos t . 

(b) Describe the Hach jump and engine shutdown sef1uence . 
Answer :  

(a)  �fos t  o f  my key parameters during the boost occurred two t o  three s econ ds 
early so I got the impression we had a l i tt l e  more thrust th an we ' d  p l ann ed 
on the simu lator . A l so I was l ead to b e l i eve so wi th Hikes ' c a l l s  indi cating
that I was hi gh al l the way a l ong . nut my pushover and my t ime t n  8 ,  I h ad � 

60 s e cond che ck and they a l l came on ab out two to three secnn d s  ear l y .  Shut 
down occurred about s i x  seconds e ar l y .  



7 .  (b ) I d icln ' t see the �1ach ._. ju1"1p on tl1 e '"ach l'T'eter bu+ I ifi_ rt s � e  �l1e 
:4ach j ump on the a l t ime t e r .  I wou l d  think that the s i mu l ;1t i on t11 �t DP-nn i s  '1 ::� s , 
i s very c l ose to what I saw o� t�e ai rp l ane . 

Chamher numb er one came off about 1 . 05 Mach Number anr1 t l 1 �  ,..e s t  of the1"1 
1o1ere shutdo�o,•n about 1 . 1  w i th the en g i n e  mas te- sw i t ch .  

8 .  Commen t on the hand l in g  qua l i t i e s  aft�r shutdmm , rle ce l erat i  n rr  �rmn 1 . 1  
l lach t o . 92 . I f  poss ib l e rat e . 

Answer : 
I fowtd no prob l em at a l l holding 1 0° a lph a in thi s  3re ;t . At sh utrJown J 

did fee l  the dece lerat i on . I t  pushed me up into the st raps a l ttt l e and I 
prob ab l y  b obbed t he nose j us t  a b i t . I d id the rudder rlonh l e t �n-l th e ai l eron 
pu l s e  as rapid ly as I cou l d , so there ' s  no qua l i t at ive dat a  here , i t was 
s tr i c t l y  a mechan i cal maneuver . 

· 

From that s t and point I c an ' t  rea l l y eva luate or rate th e l atera l - rH rect i on d  
data but I wou ld give the p i t ch a rating o f  about 2 1 /2 .  There seemed to b e  

l es s  of a trim change in t h e  a i rp lane than i n  the s imu l ator . 

9 .  D i s cuss the lonp.i tudina l  trim change he tween 1 . 1  and .9 �ach numb er . 

An swer : 
Longi tudin a l  trim change betw een 1 . 1  and • 9 Mach Number , there l>�as 

ab solute l y  no prob l em in ho l d ing 10° A l pha and the trim chan ge �npe ars t o  �e 
l es s  in the airp l ane th an in the s imul at or .  

1 0 .  Di s cuss the push-over-pul lup maneuvers at . 9  anrt . �  Hach rJumh er .  

Answer : 
They wen t  l ik e  I hoped and p l anned they wou l n  but th e cti ��erence w as 

I h ad to wai t  a b i t  l on ger t h an we did in the siTYtUl atnr to cl ece l erat� to thec;e 
particu l ar Hach Numbers . I wen t  from one degree and somet i mes t ... m t l eP:reec; 
h i gh er th an p l anned during thi s  dece l erat i on peri or:J . To spe ed up the rl e c- e J P-,.a
t ion from the maneuver itse l f  thev both went down to S0 a l ph :t  anrl I })e 1 rl S 0  
al pha unt i l  the Hach Numb er st ah ii i zed . I pu l l ed hack un t o 1 7  ;:ul'l thrG'l' CJ h 
the st ick shaker to 1 7  then b ack down to 1 0  then nn up t o  s oT:lc a l ph � .  A s  I 
mentioned b efore i t  was 1 4° he tween . 9  and . 1  and about B0 a�ter • -q s o  t h e v  

\o/ere " super maneuvers . "  

1 1 . Conunent on steady f l i pht between • 75 and • 7 �t::tch numh er . O j  cl von nnt e  
an y  changes i n  the vehic l e .  

Answer : 
I fe l t  that I h e l d  the airp l ane steady hetween • 75 and • 7 .  I h e l d  a 1 i  t t l e  

r i ght ai l eron with my l eft thumb and the right h and \o�as essent i a l l y  off the 
s t i ck . 

I thought I was h o l d in g  1 1° a lpha a s  ind i cated in the cockp i t  hut the data 
shows I was h o l d in g  12° a lpha . I d i dn ' t  note any changes in the veh i c l e .  

I d i d  notice a l i t t l e  h i t o f  ro l l change somewhere in th i s  t ime peri od.  
I had the airp l ane pretty we l l  s t e ady on 0° h ank ang l e  and h a l f  wav thrrm"h 
it started ro l l ing a h i t  to the l eft . 

1 2 .  Des cribe the a contro l during the rudder h i as ��een man euver .  

An swer : 
Hy alpha varied a b i t  during the maneuver . It went �!"0M lfl0 a lnh R up to 

1 1° a lpha but as I h rought the rudder hack I th i nk it got h ack rlown to 10° 
a lpha and

0
I he l d  i t  probab ly w ithin l /t1. to 1 /2 de�ree as I S1'1ept the  rllff der 

b ack to n bank angl e ,  so that ' s  prob ab ly the ">�st uor t i on to ;:Jna 1 y:a: e .  



1 3 .  Describe the f light from hi ghway 5 8  to l ow key . 

Answer : 
It  '"as j ust the way as p l anned in the simul ator . I d 0n ' t  remember when 

I reconfigured, I guess some\o�here in the turn or nayb e short lv :1 �ter the turn . 
We went in to j ettison and after j ett ison I l ooked up to l!et T"Y pos it i on .  I t  
looked like I was where I wanted t o  be and it was a routine fl i ?ht from that 
point on . 

1 4 .  Dis cuss the pattern . 

Answer:  
The pattern was the best pattern I ' ve flown , ! . though t th at i f  there h a� 

not been a change in wind at low al titudes I wou l dn ' t  have h a� to  use th e soee� 
brakes at al l ,  it was a perfect pattern . 

I had i t  wired and flew the l nngest time at 300 knots , rir,ht on th at s lone#  
My aim point didn ' t  change one foot . Then as it  h appened thi s mornin p on my 
F-104 fligh t  we got do�m to- around 8 , 000  feet the airplane s t arted to hump 
over . I t  looked l ike I had a l i t t l e  hit  of a t ai l \otin d .  n ather th an run the 
F-104 up on their gear speed (the F - 1 04 has a 300 knots l imit) , I came nut 
with a litt le  bit  of speed brake at that al ti tude and he l r:l  my aim point . 

'I:le speed got up to 305 knots and right hefore the �l are J '!Jlll l ed th e 
brakes in and f lared , i t  was a great pattern . 

15 . Discuss the l anding and ro l l  m1t . 

Answer : 
Land ing was pretty routine . I tried to l ook down at my �i rspeed hut as I 

tried I fe l t  the airp l ane set t le a bit and I honked back rm the stick .  I P,Ot 
a litt le b it of a b a l loon and I wou l d �uess my touch down verti cal ve l ocity 
was in the neighborhood of 3 to 4 instead of 1 to 2 .  This mav account for 
th e nose down (pitch at touchdmm) . 

On the ro l l  out i t  was ro l l ing as straight �s a string at about ISO,  I 
think , at 140  I armed the nose gear steering and started usi nr. those gear 
steering from about 130  on down , I fe l t  at these high speeds I wou ldn ' t  
want i t  much more sensitive because as I put some in and i t  starte� iL goinv. 
I could fee l the airp l ane rock . I t  rocks as a tri cyc le w ith a high " -" and 
when you put a litt le  steering in , it ' l l rock one way or the other . It was 
no prob l e� I cou l d  have gone from one s ide of the runway to the other eas i l y .  

At l east a t  these h i gher speeds our gearing is  just fin e .  A s  y ou  get a 
l i tt l e  s lower you could hand le  some more but I don ' t  think its going to cause 
any troubl e .  I think we ' re going to have superb control of the craft on the 
runway . We aren ' t  going to he ab le  to do a 1 80 on the runway or anythin g like 
that but we won ' t  he ab l e  to turn off the runway. 

But its adequate for at leas t  this zero crosswind type l anding . 



APP ROACH & LANDI N G  

by 

John Manke , Pi lo t  

The fol low i ng d ata i s  s ubmi tte d t o  doc umen t wh at I 

cons ide red an i de al a pp roach , touch down , and rollout . The 

patte rn was the b e s t  I ' ve f lown to date w it h  the X- 2 4 B .  A 

3 0 0  K I AS  gl i de s lope w as flown uti l i z in g  the aim po i n t  shown 

on the att ached d i a gram . The aim point remained cons t ant 

throughout th e fin al app roach . ( Ai m  point i s  de fined as the 

poi n t  whe re the fi nal app roach g l i de s lop e i nt e rs ects the 

l anding runway . )  

During the l andin g ro ll out , the nose whee l s t ee ri ng was 

engaged a t  appro x i mate ly 1 3 0 KIAS and was kept engaged for the 

remain de r of the ro l lout . Two l ateral e xcurs i on s , as 

i n di cate d on th e di agram , we re p e r fo rmed to eval uate nose 

whee l  s tee ri ng re spon s e  and a utho ri ty . I was ve ry p l eas ed 

wi th b oth . 

B raki ng w as not ut i li z ed unti l the l a s t  few fee t , the re

fore the to tal runout di s t ance i s  rep resen tati ve o f  a z e ro

b raki ng l anding rol lout . 
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B-9-16 Position Error 

By 

Dennis J .  Penk a ,  Captain 

F l ight 13- 9 - 1 6  prov ided the first transonic position error data for th e 
X-24B and has lead to an update of the pos i tion error curve ( figure 1 )  
which \"i l l  be in corporated for flight B- 10- 1 7  data reduction . TIIi s  updated 
curve i s  in general agreement with position error curves for simi l ar t ype 
no se boom instal l ations (figure 2 ) . TI1e transonic data for fl i ght B -9 - 16 shows 
two di stinct curves for acce leration and dece leration points . Tilis i s  a 
phenomenon which has been noted in data for other nose boom instal l ation s ,  
including the X-24A ,  and i t  is attributed partial ly to pres sure lag e ffects 
(which tend to shi ft the acceleration curve down and the deceleration 
curve up) and to differences in the transonic fl ow change dependent on 
whether the aircraft is accelerating or decelerating through the region . 
At l o  er � tach numbers , data from flight B-9 -16  compares we l l  with data 

: from previous fl i ghts (figure 3) . 

It  should be noted that an error was found in the data reduction pro
cedure used for flight B-7-14 posi tion e rror data presented previous ly in 
the B-7- 1 4  flight report ( 1 2  Uec 73) . This data has been corrected ( figure 3) 
and is  no\'1 in agreement wi th data from o ther fl i ghts . 
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X-2�B  #::1  POSTFLIGHT 

PILOT : J .  MANKE 

DATE : 3/5 174 

OK, this was fl ight B-9 - 16 flown on the 5th of Ma rch. It was 
r·eally a good fl ight . The only problem we had Mike , pre- launch, 
was that mic and I am a lmos t conv inced that it  was my mic thatwas 
the problem. When it s tarted bus t ing up I went right over t o  
B- �? . rad io and I could not get a good s ide- t one there and then 
it s eemed to bother me all the way through the fli�'ht. . My 
s ide- tone was changing once in a while . I b it o� it s ome and 
ended up with the thing almost  in my mouth , just as t ight as 
I could aga inst my l ips . In fact , it wa s  a l ittle bit uncom
fortable flying l i ke that , but that was the only way it seemed 
to work reasonably good . It s eemed l ike about 10 minutes on 
I got it pos itioned right and it worked OK from then on. Suit 
people know about that and they are going to take a look at it . 
Top- off,  we got top- off in 7 minutes . That is fanta s t i c .  I 
can hardly bel ieve that . OK, I can ' t think of any other cliches 
before launch. It  was good . Tom had 45 , 000 pr�tty early. So 
whatever you used for the B- 52 cl imb it seemed to be pretty 
good . 

OK, I think this 1 ° ;  we put s ome more rudder trim in this t ime 
to  take care of s ome of the s ides l ip problems we had during 
the las t  flight . That s eemed to help cons iderably. I looked 
down at f3 shortly after launch and I never d id see any more 
than l/2 ° and I dec ided then that I was not going to worry about 
it  anymor·e during that port ion of the flight . And that is a 
big rel ief i f  you can just kick that out of your mind . If you 
recall , on my las t  fl ight , I spent a lot of t ime worrying about 
f3 d own in that area , and c onsequently my tas k  of hold ing a and 
s o  forth wasn ' t  quite like I ' d  l ike t o  have seeL it . 

Pulled up to 1 � 0 a and my a s tayed pretty nice be �ween 14 and 
1 :=: . Probably it  is going t o  average 1 4 - 1/2 . I used two hand s 
on the s t ick l ike I t old s ome of you I was going to do .  The 
second hand or left hand was just t o tandle a l ittle  roll mis 
t r im that  we have . The a irplane wants t o  bank t o  the le ft 
because  it is heavy on the left s ide . I used my left thumb 
jus t to  hold thr:; s t ick where I wanted to  keep wings level , and 
t hat �,ray I could just use my r ight hand for pitch cont rol . I 
found that if I had to put in a c ons tant roll input and then 
try to  use thr:: rn.me hand for pitch control and trimming I d id 
not do as e·ood a j ob t r imming , s o  i f  I used the left hand jus t 
to hold that s t i ck in the lateral pos it ion I was able to do a 
much better j ob than j us t  us ine: my r ight hand for pit ch c on
trol anrJ that "\-rorked e:ood . It s ounds k ind of s tupid , say put 
two hand s on the s t ick , but it is a real good technique and it  



works q u it e  ·t�e l -L OK , a �ood 1 4 - l/2 ° t heL • .. ras acou -c  r-:w average 
a du r ing rota -: ion. I wa s pret t y  plea s ed w:. E1 v. b e ca '....t s e  the 
a irplane is a l i -: t le s qu irl ly i� pi � c h  a� � ��s c . � . , a�d I 
-shink it helr:l ir. real �orell . I don 1 � re e;al l  s e e i;_g a: .Yr..ore 
than l/2 ° of f3 a f"!:.er launc h ,  at least du r in.&o t hi s  oort ion of 
t- hr:: rotat i or, . 

� � 

Theta came a l it �le b it ea r ly .  You guys were ca ll ing a l i tt le 
b it high and theta ca�e maybe 2 s e c onds early. I was able t o  
get on it and hold it quiiB well . At 50 s e c onds �o1e were t o  get 
an a check there . The s imulat i on was rurw ing about 12 - 12 -1/2 
there . I ran 11 ° on the a irplane , s o  it jus t appear ed that we 
had a l ittle more thrust than we had been planning for. It  
was rea lly nice . OK. I pus hed over at 53-1/2 on my ind icat or . 
That came jus t a l ittle b it early t oo .  We are talking about 
maybe 2 s e c onds or s o  from t he original s imula t i on .  Then 
dur ing this a ccel , dur ing this c ons tant theta port i on up t o  
53- 1/2 , my ma ch number s eemed t o  be running just a l i t t l e  b it 
higher than I have s een in t he s imula t or .  Looked l ike we were 
pushing . 9  by the t ime I got t o  the pushover.  So it may have 
been . 02 high or . 03 high in that area . I gues s  that all adds 
up here with the burn t ime we had.  

OK, the que s t ionable area was this  . 95 area where we had the 
s t range f3 dur ing t he las t  fl ight . I d id not s ee anything that 
alarmed me a t  all this t ime . I l ooked down once and it looked 
l ike f3 had jus t s tarted to move t o  the left and then it came 
ba ck aga in .  The a irplane felt jus t a l ittle more s ol id this 
t ime . I can ' t  answer it , I don ' t  know why . I don ' t  think I 
saw any more than a degree at all in the left s ide s l i� this 
t ime ,  and probable less s omewhere between a hal f  and 1 left . 
Dur ing that t ime period I l ooked up once and i t  looked l ike 
it had jus t s tarted out but it immed iately came ba ck in aga in . 
So �ore will have t o  l ook at t hi s .  I really felt good about 
it a t  that t ime and dec ided not t o  worry about i t  and press 
on , s o  it was 100% better this t ime than I remember it flying 
las t  t ime , and pa rt of it is me gett ing used t o  i t  and not 
b e ing a fra id to have it move out jus t a l ittle bit . 

In this t rans oni c  reg i on I can feel changes in the a irplane . 
I can feel l it b it s  of bu ffet he re and t here and jus t s ome 
things going on in the a irplane and I can ' t  expla in them , 
but they a r e  there . 

I want t o  back-up a minute , I forgot s omet hing . When I l it 
the eng ines , the firs t two chambers had about 3 good chugs 
to them as they came up . I have never fel t  it l ike that 
before . Chug , chug , chug , l ike that . I c ould feel the longi
tud inal a ccelerat ion and then they came up s moothly and t he 
next two came up just l ike gngpusters . 
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OK, "t::.& c k  t o  the . 9 5 .  I d id not see the Mach jump or1 t he Ma ch 
g-ape . I t ni:r1k I was making head ing corrections bu t I caught 
'::- he:: &l '� ir.1c ": er j ump s o  I could s ee t he l\19.ch jump and I am sure 
i� s �owed lD on t he gage and your mechanizat ion of the a l t i 
-s;_;_,] r::; is rea l good . Caught it out of  the corner of my eye and 
I knew we r�d jus t  gotten the jump .  Looked up and we were 
probably 1 02 t o  103 at  that t ime . I wa ited a l ittle bit and 
s �L �  t he one ct8mber down. Got a good rudder doublet followed 
""rJj' &L a i l e ron rl oubl e t  and I would say t ha t  the a irplane is a 
l i -c --:_ l r:: b e t t e r  rJ.amped d irect ionally than the s imulator is  a t  
tha t no int , on t ha t  rudder d oublet . · 

Aileron doublet is 
. ' c.ls�  l i k":: any other a ileron doublet . You don ' t  see much mot ion 
i::-_ t �F;; a i rplane , s o  i t  is hard for the pilot t o  qual itat ively 
<::: '/a lua t <:: i t . 
I s hu� the engine mas ter off jus t  l ittle over 1 . 1 , I guess  
1 . 1 2 and t hen immediately got the rudder and a ileron d oub l e t s  
a n d  i t  s eemed t o  decelerate a l it t le b it s lower than in the 
s i.mula t o r.  IVlaybe i t  was becaus e  I had a l ittle b it higher 
Ma ch ,  but I am sure I got both doublets in before I got t he 
I'19. c h  j ump , s o  I should have gotten that aileron doublet in 
jus t barr::ly supers onic .  ( a l ittle higher alt itude? ) Yes , a 
l i t t l r:: b i t  higher· alt itude . Then I noted this pattern all 
the '-Ta7 cJ own . It d id not decelerate qu ite l ike it d id in t he 
s imula t o r  s o ,  in between all the maneuvers , the popu ' s  and 
the:: other· maneuvers , I 1,.1ent t o  a higher a than we planned t o ,  
jus t t o  get i t  t o  s l ow up au i ckly. So ins tead o f  13 I wen t  
t o  1 1.:  and inst ead o f  12 I went back up t o  1� aga in and t hat 
s r:: emed t o  help it . That kept us jus t about right on t he 
pr o fil e .  

The f i rs t popu , push  over pull up , was a t  . 9 . I pus h8rl o v s r  
and I had been pra r; t i r; ing· t o  push over t o  a -30 on t r1e:: 1 ,a and 
pull on up , and I '  rJ d o  t hat to keep the Mach from bleedir"e: 
o f f. The Ma c h  s ta r t ed ba ck up aga in and it might hav e  g one 
t o  . 9 2 ind icated dur in[: t ha t  popu . Came off the popu t h<::n 
and it was down thru . 9 and I went to  a higher· a aga j_n as I 
ment i oned and got another popu at . 8  and that should be good . 
That should be an . 8  ind i cat ed popu . Both t imes I went t hru 
5 t o  about 17 on a .  V.Tent jus t beyond t he s t ic k  s haker bot h 
t imes . 

J ohnny Ar-ms t rong ' s  rraneu ver was a hands o f f  t hing fro m . 7 5 
down t o  . 7 . I had a good s ol id 11 ° a then . It won ' t  s how 
hand s off  on t he cockpit f ilm but I j u s t  was holding a little 
thumb pr·essure on it t o  keep t he wings level . Ming Tang 1 s 
manF;; u v e r , t he rudder sweep , the rudder· ".:Jias sweep at s i-:c 
five , I let a creep up about 3/4 o f  a d egree on t ha t  thlng , 
dar·n it . It s ta rted on 10 and then it c rept up t o  11 . But 



I think it held a l ittle more cons tant as I swept back to  
zero . The trim change appeared to be  very much like the 
s imulator on that . 

From there it was just getting into the pattern.  I did not 
look out unt il we were about half way thru the downwind leg . 
Mike had indi cated that I was outs ide the t rack a l ittle bit .  
When I looked out , why it was just where I would have liked 
to have the airplane . Just  perfect pos it ioning . Configurat ion 
change , no problem, like we mentioned before . Jettis ion ,  I 
did not feel anything on j ett ison.  Did we get any jettis on. ( yes . ) OK. I had enough t ime to look down and saw the tank 
pressures coming down ,  s o  as they came thru about 2 5 ,  then 
I stopped j ettison .  

The pattern wa s  probably t he nicest pattern I have ha d  in the 
airplane s o  far .  I don ' t  know why it was any d ifferent than 
the other ones . I d id not have to use speed brakes unt il I 
got down to about 8000 1 on final and then the speed started 
to creep up a little over 300 and I put brakes out and stopped 
it . My a im point stayed right where I started and right where 
I wanted it . It was a perfect traffic pattern.  The best one 
s o  far .  I even looked out once and saw Einar gett ing pictures . 
Looked l ike he was hanging in good . Will ie to o .  Flared at 
about 1000 1 and it was a very comfortable flare l ike I always 
ment ioned before and there is plenty of t ime . A guy has to 
s it there and wait for 2 4 0  knots for the gear , and I guess 
ma ybe I was a l ittle bit lower than I had been befor·e when 
the g�ar came out . I knew that I had been but I had such a 
nic <::; rate  of des cent going: that I dec ided not to  level it 
t h�re but just keep her going . I r�d very good control of 
t he a irplane . It felt real good t o  me . When it came thru 
about 2 4 0 I popp�d the gear and then Bill s tarted call ing out 
my alt ituies . I saw 200 before touchdown s omet ime , and I guess  
I tou c:h�d dmm arould lt�O or  175. Einar feels that I was a 
l ittle b i t s lower than that . The nose came t'hru as fas t  as 
I have ever s een it c ome thru . It really barreled thru . 
r�ybe I was s ome slower than I thought I was . 

I armed the nose gear steering at about 150 and I guess I 
s tarted nose gear steering at about 130 . I wanted to start 
oett ing ready for s ome runway landings if w-::; are ever to do that . I fel t  tr�t it was as s ens it ive as I wanted it at tha'=. 
speed , Mike . You get a l ittle bit of this . roe;ki 1g mor, � :)l? 
as you come in . Mike an� � r:ave been talkHlf a �lttle olt . 
about the nos e r- ear sens lt, lv lty , nose f- E::;ar· steerlng· .  I thlnk 
we have ± 7 o total throv.r , somewhere in that ball])9.rk.  It i s  
very ins ens it ive if you related it to  other a irplanes . But 
with this th in[ ridine: forward on the nos e rear· l ike it is , 
•�rhy I fe l t  t ha t  i t  is qu ite adequate . Now , down in the area 

------------- -� 
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SO  or s o  a guy could handle quite a bit more . So far here 
I iNa S pretty pleased with it , and the way it rocks over on 
you if you h i t  it at higher speeds , I would not want it a 
he ck of a lot more . I thought it was quite good but I thought 
both of us 1JOuld ;..rant to look at it a l it tle more and will 
probably intent ionally go ahead and engage it at fa irly high 
speeds now and do s ome S-turns on the runway. OK. It was 
.iu s t  a superdupsr flight and we will have to look at the 
records , bu t �he a irplane sure does handle nicely. It was 
good or bet � e r  than I rJB.d hoped all the way thru . 



FLIGHT : 
PILOT : 
NASA 1 :  

B-9- lf: 
J. A.  Manke 
M. Love 

DATE : March 5 ,  197� 
L/P : V. Horton 

15 minutes to launch 

Manke : 

NASA 1 :  
Manke : 

NASA 1 :  

Manke : 

B- 52 : 
NASA J :  
B- 52 : 
NASA 1 :  
M9.nke : 

NASA 1 :  

M9.nke : 
B- 52 : 
M9.nk8 : 
rJASA 1 :  

M9.nke : 

NASA 1 :  
B- 52 : 
NASA 1 :  
Manke : 

6-5-3 
SAS servos are auto.  
Set the l ites . 
Torque . 
John we ' ve s t ill got a yaw lit e .  
Got i t  and a torque . No l ites . 
SAS mode switches are on. 
Ins ide 15 John. 
14 minutes . 
Rog . OK, I ' ve snapped . 
Hydraul ic pumps , pressures are 2750 . Ready for 
a pit ch and yaw puls e .  
NASA 1 ,  here comes pitch pulse .  
Good pitch puls e .  
OK, here come the yaw. 
Good yaw pulse .  
Looks good here . 
Are we in a good enough heading for erect switch 
now Mike? 
Standby. · 

OK, we ' re 13 minutes . 
008 come 2 ° left and then you can get the erect 
switch on . 
Roger . 
Rog , coming left .  
Erect , fast erect is on. 
12 minutes . 
ll minutes . 
Upper flaps 4 0 ° . 
Lower flaps 10 ° , ailerons are zero. 
Aileron bias is at 7 .  
Rudders 1 ° left . 
Rudder b ias is 0 .  
Roger .  
Looks like you ' re gett ing an overboard flow now. 
Roer·er we see that . 10 minutes . 
1 0  minutes 
OK, #l hel ium is 4000 , #2 is 42 
Control gas 500 
Gov balance 465 
Fuel tank is 5 
Lox zero 
landing gear 3000 
Ready for pump heater switch? 



FLIGHr : B-9 -16 -2-

NASA 1 -:  
Manke : 
NASA 1 :  
Manke : 
NASA 1 :  
Manke : 

B-52 : 
Tower : 
NASA 1 :  

Manke : 

NASA 1 :  
B- S2 : 
Manke : 
NASA 1 : 
Manke : 
NASA 1 :  
Manke : 

NASA 1 :  
Manke : 

NASA 1 :  
Manke : 
NASA 1 :  

Chases : 
NASA 1 :  
B- 52 : 
Manke : 
NASA 1 :  

. Manke : 

We 1 re ready. 
OK, here comes - off now. 
Control back on. 
J39. ck on now. 
Good check John . 
Very good , thank you 
What ' s  your heading now? 
03 
Rec overy on RW 36 ? 
Roger 36 Tower.  · 

9 minutes . 
Erect switch cutoff . 
Fas t  erect off. 
Both att itudes look good . 
Roger 
:. minutes , s tart left turn #008 . 
Roger. 
OK, P minutes , here comes landing rocket tes t .  
2 good ones . 
OK. 
7 minutes . 
Rog ? 7 minutes 
X- 24 rad io 
Bs:ck on prinary - how do you read? 
OK didn ' t  read you on secondary or guard John. 
As we come down the stra ight-away, I ' ll give you 
another check on that . 
OK. 

Rog . 
6 minutes . 
Chas e a ircra ft , ¥ou can check winds hield heat aga in .  (All checked in . ) 
Shallow your· turn #008 . 
Rog . 
OK, Mike that ' s  at 27 , what do you rea d ? 
Little more forward . 
That ' g  good . 
5 minutes . 
OK 
On battery 
Res et the l ites . 
On #2 and #4 hydraulics , l ites are out , I got 3200 lbs . 
#1 bus 12 0 , #2 is 110 , #3 110 and #� about 40 
SAS gains are 5-5-5 
Here comes another old SMRD. 
No l ites . 



FLIGHT : 3-9-lr -3-

B- 52 : 
NASA 1 :  
B- :.2 : 
Manke : 

NASA 1 :  
Manke : 

NASA 1 :  

Manke : 

NASA 1 :  
B-52 : 
NASA 1 :  
Manke : 

B- 52 : 

Manke : 

NASA 1 :  
B- 52 : 
NASA 1 :  
Manke : 

PmrE: r- is off and ammeters are zero . 
Roll out 212 ° , #008 . 
'Ro£er· .  
Tor�ue , n o  l ites . #l ' s are off Torau� , #3 amber l ites . #? ' s  are off ,  torque , 3 red lites . 
Ga ins are 6- 5-3 
SAS servos are auto 
SAS lites are punched out , and the torque , no l ites . 
OK John we ' re just ins ide 4 minutes . 
Lets go secondary for a radio check.  
I 1 m  on standby. 
5 square . 
7 ° right #008 
3 minutes . 
On X-24 oxygen 
Cyl inder is 1750 
Regulator at 85 
Going to X-24 a ir ,  reads about 2 5  lbs . 
Cabin altitude 24 , 000 
Canopy defog is heat 
Forward canopy is on 
Suit vent is low 
#l helium 3950 
#2 hel ium 2100 
Control gas 505 
Gov balance about 465 
Erect switch going t o  erect 
Fast  erect is on 
Mike , trims look OK, looks like a little left 
a ileron but that ' s  OK. 
Come 2 more right #008 . 
Roger. 
2 minutes 
Precook , heater , off 
Engine bleed is on 
Prop supply is on 
Tanks pressurized 
Topoff complete beacon ' s  off and alternate pressure 
good 
OK, fuel is 46 
LOX about 48 
Release �ressure low l it e  is out . 
2 ° left #008 
Roger. 
70 seconds . 
Roger, OK. 



FLIGHT : B-9-16 - 4 -

NASA l :  

MB.nke : 

NASA l :  
Manke : 

NASA l :  

MB.nke : 

NASA l :  

IV1:3_nke : 
NASA l :  
IV1:3_nke : 
NASA l :  
Manke : 
NASA l :  

Standby for l minute .  
l minute , mark. 
OK, got my clock. 
Sources are good . 
SAS l ites are out . 
a is 5 ,  � is almost 2 ° needle left . 
Engine mas ter coming on. 
Erect swit ch is cutoff .  
Fas t  erect switch i s  off. 
Systems are OK. 
Release C/B is in. 
Camera/recorder and fin camera are on . 
Igniter test 
4 good ones . 
Check your reset 
5 seconds 
Launch 
OK, check your a John. 
We s ee 4 good ones . 
Trim to 15 and go t o  two hands . 
Turn left to 209 
Rounding out on profile and that will be a good 
heading , 2 09 . 
Going l ittle high on profile now, heading is good . 
Standby for theta . Come back right 3 ° 

Holding 1500 high. 
ll a at 50 seconds . 
Rog 
. . .  a 
Standby for 1 5  now 
OK, got it . 
Come on · 3 more right 
Standby for pushover at 53 . 5 and JD a 
54 
Good heading , you ' re holding 2000 high. 
Check you MB.ch 
Come on 2 ° right 
About 3000 high 
Standby for l chamber off . 
Standby for doublets 
We see the doublets , John. 
OK, you can s tandby for engine master off and doublets . 
Good heading . 
Check your a and get a doublet . 
You are 2000 high, right on track.  
OK, standby for a . 9  po-pu and 13 a 
You ' re coming back down in profile , 1000 high, 
good track.  
You ' re right on profile , good track.  



FLIGHT : B-9 - lC: -5-

Manke : 
NASA 1 :  
Manke : 
NASA 1 :  

Manke : 
NASA 1 :  

Manke : 
NASA 1 :  

Manke : 
NASA 1 :  
Manke : 
NASA 1 :  

Manke : 
NASA 1 :  
Manke : 
NASA 1 :  
Manke : 
NASA 1 :  

Manke : 
NASA 1 :  

OK get prop supply 
Good track,  good profile . 
You can standby for . 8  po-pu and 12 a 
It ' s  going good , Mike . 
OK, we s ee your po-pu , John. 
vTba t 1 s the energy looking l ike ? 
Good energy , right on profile 
Head ing is OK 
Out of that po-poo , check your Mach 
Hands off at 12 
OK you ' re about 1000 low. 
Come left 2 °  when you have t ime . 
Check your f3 
OK when you start flying it aga in ,  you get rudder 
bias manual and turn 185 
Standby for . 65 Mach and a rudder sweep. 
Give me a heading now. 
180 will be a good heading 
You ' re right on profile 
OK, we see your sweep, John. 
180 is a good heading , on profile . 
Get rudder b ias auto 
SAS 432 
Come around to 175 
I got the runway now ,  Mike . 
Rog . 
Close up -when you get closed up you can go j ettison 
175 good heading 
Coming clean 
Right on profile 
Jettison 
OK, we see your j ettison 
About 1 mile outs ide track, right on profile 
OK 
You ' re at 3 miles , John. 
There go my tank pressures 
Roger 
Stop j ettison 
Stop j ettison ,  tanks and engine bleed 
2 miles 
Get your chamber switches 
You ' re right on profile . 
Get a rocket check at a mile 
Check #1 & #3 hydraulics 
Got 2 good chambers . 
Approaching turn- point , right on profile , 1/2 mile wide . 
OK, ·going to . 3  Mike . 
OK, John. 



FLIGHT : B-9-16 -c-

Chas e : 
M9.nke : 
Chas e : 
Manke : 

NASA 1 :  
Chase : 
M9.nke : 
NASA 1 :  
Chas e : 
M9.nke : 
Chas e : 

NASA 1 :  

Manke : 

NASA 1 :  
M9.nke : 

NASA 1 :  
M9.nke : 

15, 000 at 268 and 89% 
OK Willy,  I had about 268 als o .  
You got a tuft watcher watching tufts . 
OK, that 1 s what we 1 re paying him for . 
Flaps 
See your flaps 
305 , 6ooo feet 
OK, flaps coming in. 
Roger . 
1200 feet . 
OK, Bill . 
Little turbulence 
75 feet 
20, 15, 10 ,  5, 3, 2 ,  down. 
How about that ? 
OK, John check ·your nos e  gear steering arm. 1230 debrief 
Armstrong would l ike to know what you saw for max Ma c h .  

1 I saw jus t a l ittle b it over 1 . 1 
, 166 for burn 

Throttle off 
. . . . . . . . manual 
Cameras off 
Calibrate 
We ' re ready - good calibrate .  
I shut the recorder off before I cal ibrated , I ' ll 
put the recorder back on for a cal ibrate . 
Servos are off. 
Che ck recorder off . 
Off. 
De fogs off 
Erect switch on, fast  erect off 
#1 hel ium 1200 
#2 helium 38 
Cant gas . . . . . . . . .  . 
Landing gear 2600 
Cabin a ir down to 600 



X- 24B OPERATIONS FLIGHT REPORT 

FLIGHT : B-9-16 DATE OF Rt:l-'Of.I : 3 / 2 7 / 7 4  
----------------------------

------------------

PILOT : John Manke DATE OF FLIGE� : 3 / 5 / 7 4  --------------------------� --------------------

CARRIER AIRCRAFT : B- 52 #008 LAUNCH LAKE : Cuddeback 
---------------------

PURPOSE OF FLIGHT : ( 1 )  Envelope Expans ion to 1 . 1  Mach Number . 

( 2 )  Stability and Control at Mach Number 1 . 0 .  

( 3 )  Performance and Longi tudinal Trim at . 9  and . 8  

Mach Number . 

(4)  Fin and Rudder Pressure Survey. 

( 5 )  Boundary layer noise and vibrat ion exper iment (RED PLUG ) 

I .  Dis cuss ion of  Previous Operations 

No evidence of the aileron lost mot ion was observed on f l ight B-8 . 

I I .  Vehi c le Conf igurat ion Changes 

A. The L . H . side of the vehicle from Sta . 65  to 1 7 5  was painted white to 
provide background for tuft photographic studies of local airflow . Photo 
coverage is from the L . H .  tip f in and chase cameras . 

B .  The center f in camera was realigned t o  photograph the inboard surface of 
the R . H .  f in .  

C .  Two sur face pressure taps were instal led on the inboard surface o f  the 
R . H .  f in to aid in invest igating possib le f low asymmetry on the f ins . 

D .  The governor balance pressure regulator was replumbed to eliminate out let 
pressure droop dur ing engine operat ion . The regulator inlet pressure had 
been connec ted to  the engine control gas manifold at 490 psi . With the 
out let requir ement for 465 psi the pressure different ial across the 
regulator so small that mechan ical frict ion can int roduce undesirable 
hysteres is . 

To overcome this problem the regulator inlet was connected directly to  
the Helium source which operates as high as 4000 psi . 

E .  A heater was added t o  the window o f  the nose camera to prevent fogg ing 
dur ing f l ight . 

B-9-16 
Page 1 of  2 



I I . Inst rumentat ion Changes 

A.  Changed "Dynamic Inst . Sys tem" PCM format recorded on on-board t ape to 
Miller code . 

B .  Added two new pressure taps o n  R/H f in .  

C .  Added heater t o  nose window , 

D .  Changed frame rate on cockpi t  camera and L/H f in camera t o  8 frame/sec . 

E .  Center f in camera re-positioned t o  look at R / H  upper f lap surfac e .  New 
insu lat ion blanke t was added . 

IV . Preflight Events 

All pref light func t ionals were p er formed without incident , 

V .  Flight Event s  

A .  Flight servic ing was normal unt il the p i l o t  could no t t ransmit shor t ly 
after closing the canopy , The communicat ion technic ian made a quick check 
and f ound nothing wrong , but the system s tarted work sat isfactorily and 
the f light proceeded as p lanned . 

B .  An igniter test was made p rior t o  launch t o  increase conf idence in the 
sys t em following the recent modificat ions as reported in the f light 
report for f light B-7-14 . 

All four igniters func t ioned properly and engine operat ion during the 
f l ight was norma l .  

C .  The vehicle was in good shape after the f l ight . 

D .  All cameras worked during the f l ight and the nos e camera window did not 
fog . 

Approved by : 11!/ �  
Wilfiam(p. Albrecht 
Chief , Operations 
Engineering Branch 

Wri t t en by : ���------�--------------Norman E .  De ar 
X-24B Proj ect Engineer 
Operat ions Engineering Branch 

B-9-16 
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PRE L IMINARY RESULTS OF X - 24 8 

F L I GHT B - 1  0 - 2 1  

3 0  Apr il 1 974 

BY 

1 15.'\Fj:�ASJ\ X - 24 B  PROJECT TL�H 



F l i ght Summary - F l i g h t  B - 1 0 - 2 1  

F l i g h t  B - 1 0 - 2 1  was f l own on 30  Apr i l  1 974 b y  � !a j or Lov e . Th i s  was 
�laj o r  Lov e ' s  f i r s t  powered f l i g h t  and a s  such was a p l anneJ tb.ree c hamb er 
c h e c k  out fl i g h t . As a r e su l t  of eng i n e  m a l func t i on on the f i r s t  s t art 
at t empt a ft er l aunc h ;  a prep l an n ed d e l ayed eng i n e  1 ight pro fi l e wa s f l own . 
The d e l ayed l i g h t  prof i l e  was f l o wn a s  pl ann ed on t h e  s imu l at or , ach i ev ing 
c l o s e  t o  the n o rm a l  eng i n e  shut d own c on d i t i o n s  and a l so a l l p l ann ed d a t a  
man euver s . Th e s i gn i f i cant f l ight c ond i t i o n s  ach i ev e d  w e r e  a s  fo l l ow s : 

'.Jax imum 1 !ach numb er = . 8 7 6  
Max imum Al t i t ud e  = 5 2 04 0  feet 

Max imum True A i r s p e ed = 502 KTS 

F l i g ht T i m e = 6 m i nut e s  59 . 1  s econd s 

Burn T im e  = 1 3 9 s econds 

S t ab i l i t y  and Contro l d er ivat iv e s  d et erm i n ed were c o n s i s t an t  w i t h  
prev ious r e s ul t s . Th e l eft hand m a i n  g ear s t rut bot t om ed short l y  aft er 
touch down . tJo a i l eron d ead band wa s exper i en c ed d ur ing t h e  f l i g h t . 
S i g n i f icant f l ow chang e s  were obs erved on t h e  tuft s on t h e  i n s id e  o f  t h e  
r ight t ip f i n  a n d  on t h e  fu s e l ag e . 

F l i g h t  o p erat i o n s  b et w e en f l i g ht 9 and fl i g h t  1 0  inc l ud ed ; o n e  abort 
due t o  c l ouds , two abort ed c apt i v e  f l i g h t  a t t empt s and one c apt i v e  fl i ght . 
A summary o f  t h e  fac t o r s  c au s  j ng t h e  d e l ay b etween f l ight n in e  and fl i g h t  
t en i s  pre s en t ed i n  t h e  accompan ing t a b l e .  



5 Mar 7 4  

1 9  Mar 7 4  

21 Mar 7 4  

25  Mar 7 4  

8 Apr 7 4  

10 Apr 7 4  

15 Apr 7 4  

22 Apr 7 4  

2 3  Apr 7 4  

2 4  Apr 7 4  

2 5  Apr 7 4  

2 6  Apr 74  

27  Apr 7 4  

3 0  Apr 7 4  

FLIGHT B-10-21 OPERATIONS SUMMARY 

B-9-16 Flown 

B-A-1 7  Aborted due to clouds , aileron dead band not accep tabl e .  

Demated t o  install aileron instrumentat ion 

Work Schedule meet ing - Target date 10 April 

B-52 #6  engine problem on F-15 RPRV f light . 

B-52 engine run unsucces sful 

Redoing func tionals ; NASA control room down all this week 
Scheduled B-4C-18 for 22 April . 

Mat ed . Take off  delayed due to B-5 2 #8 engine start problem 

( 1400 Takeo f f ) . B-4CA-18 . Abort due to TV monitor fire 
in B-5 2 . 

B-4CA-19 abort due to B-5 2 LOX Top off system .  

Cancelled due t o  "red X" on B-52 (Hyd Packs ) 

B-4C-20 Flown 

B-10-21 cancelled due to Yaw SAS problem during torque check . 

Flight re scheduled for Monday but canc elled and changed to 
Tuesday because SAS prefl ight had to be accomplished . 

Flight B- 10-21 Flown . 



F l i ght No : 

X - 2 .18 F l i ght Reque s t  
.<3 March 1 9 7·1 

2..1 
B - 1 0 -'N_ 

Schedul ed Date : 19 Harch 1974 

P i lot : Maj or Love 

Purpose : 1 .  P i l ot ' s  P owered F l i ght Ch eck ou t  

Latmch : 

Landing : 

2 .  Stab i l i ty and Control at . 8 ,  . � 5 and • 7 1 1ach tiurnbPr 
3 . Fi n and Rudder Pressure Survey 
4 .  Boundary Layer N oi s e  and Vihra t i on Experiment (RED P LJ Tr, )  
5 .  Fuse l age Tuft Study 

West of Rosamond , Hag Heading 060° + Crosswind corre c t i on Ang l e . 
45 , 000 feet , 190 KIAS . F l ap Bi as "t-:anua l " , Upper f l aps =-rt 0 ° , 
Lower F l aps = 27° , Rudder Ri as 1<.1ode "Al iT()" , Runner Rins  = 0° . 
Rudder Trim = 1° Left . Ai l eron B i as = 7 ° , SAS r.ains 6 , 5 , 3 .  
Hach Reape ater "Manua l " = l . 'l ,  KRA "AI T:fl" , Hv(Ir:m l i r:  Pumps .., 
and 4 on . 

Rogers Lakebed Runway 1 8  

B - 5 2  Track : X- 248 Track # 2  (R2 5 1 S , Work Are a I )  

ITEH TIME ALT A/S (l � 'T/I 'L r-vcrr 
1 0 45 190 5 . 7 1  Launch , Lit e  

( . 70)  Ch ambP.rs I P  �nrl 
# 4  111 P.n f/ 1 , Tri m 
tn 'ln(:  � h in t :t in 
1 -1 °  a l lrt i 1 
':l = 70(' . 

2 2 5  4 2  2 S O  14 • RS �-fax r�ach Durin f' 
( . 83)  Rotati on . 

3 37 4 2  2 40 1 4 . 82 e = 2'l o 
Haintain , 

( . 80)  e = 
..
,o n , 

(Crnsscheck a) 

4 9 4  4 7  205 1 3  . 80 •, Perform Rud der 
( .  7R)  ann Ai l eron Doub l ets . 

5 127  50 205 1 3  . R S Per�o rm Rudder and 
( .  R1) Ai l eron Doub lets . 

6 1 49 5 3  2 10 1 2  . 9 0  At .90 Hach (True) o-r 

( .  8� )  Ca l l  From NASA I Basert 
on r,rotmd P os i t ion , 

%utrlo\otn Engine w :i.  th 
En !!ine l-1 ast�r .  
Pushnve-r to s n 

(l 



ITEM TH1E ALT A/S a MT/ML EVPH 
7 159  54  1 3() 5 . RO At . 'lll H::�.ch (Tn 1e ) 

( . 78)  Perf'0rm Ruor:ler ::�no 
t\i l ernn Doub l et s  
Tri� t n  1 4 ° a 
( 8 =<  -2'l0) 

8 1 74 50 195 14 . 80 Perform P i t ch Pu l se , 

( .  78) Push over to 1 0 °  a 

�l 190 46 220 1 0  . 80 Perform Pitch Pu l se , 

( .  78) Trim to 1 3° a , Check 
ground Position .  

1 0  2 1 8  38 1 30 1 1  • 70 Perform Rudde� and 
( . 69) oo-mLeT Ai l ero� eturn to 

1 3° a. · 

1 1  229 35 230 1 3  . 67 Intersection , Turn t o  

( . 66) Low Key Head inp . 
Set SAS r:ains 

d . 3 , 2 .  Jett i s on Prope J l �n � s  • 

1 2  266 2 8  210  1 2  • 54 
( . 5 1) f.han�e Conf'i �urat i nn 

to -20,., 
Upner F l aps . 

1 3  306 2 1  2 20 1 0  . 4 8 Low Key , # 1  ft # 1  l fvJr�u 1 i c  
( . 4 7) Ptll'lps on.) Rock et Ch eck , 

Set Hach RP.pe�ter t11 . 1  
Durin$! f.'ina l .  

2 



N>OTES : 

1 .  Nose Bal l ast z 2 2 0  lbs (+ 1 00 AMP fffi Equi p Batt ) 

2 .  \Veigh t - l b s  

LaWlch 1 3 4 5 7  
Shutdown 9 5 50 
Landing 8394 

3 .  Engine S /N 8 ,  Pump S/N 8A 

Thrust .. 2 , 100 l b s / ch amber 
LOX F l ow Rate • 4 . 5 1  lb /sec/ch amber 
1'/ALC F l ow Rate = 4 . 05 lb /sec/chamber 

4 .  P ower on Base Drag Reduc t i on Cc • - . oos 
s .  P i t ch Attitude Nu l l  at 20 ° 

GroWld Ru les for NO LAUNCH : 

1 .  Rad io , radar , PCH fai lure 

2 .  E l ec tr i ca l  or SAS mal function 
3 .  A/ S ,  a l ti tude , Machmeter fai lure 
4 .  Angl e  of attack or s ides l ip ma l functi on 

5 .  Any contro l  sys tem ma l fun ction 

6 .  Loss of cab i n  pressure 

7 .  Turbu l ence b e l ow l O K  i n  excess o f  morlerate 

cg- % 

65 . 9  
6 4 . 1  
64 . 0  ( gear down) 

8. Surface w inds greater th an 20 kts or crosswind �reater th an 10 kts 

9 .  Fai lure of engine con trol box heater 

10 . Fai lure of s ti ck shaker 

1 1 .  Hus t  have 3 good i gn i ters t o launch 

( I n  addition to s t andard ground ru les pub l i shed in Li �t Ro0y .Joint 
Operat ions P l an) 

A l ternate S i tua t i ons After Launch : 

Fai l ure 

1 .  Rad i o ,  radar , PCM 

2 .  On ly One Chamb ers Operates 

Act i on 

Proceed as p l anned . 

Vect0r for RW 02 Rosamond , shu t rl 0wn 
chamher , i e t t i son , ch an ge con �i rrur.,t i nn .  



Fai lure 

1 .  r)n 1 v Two Ch ambers Operate 

·1 . 

s .  

D e l ayed En rine Ligh t 

Tot a l  d amper fai lure
any axi s  

6 .  KRA "AliTO" Fai lure 

7 .  Ang l e  of Attack (Indicator 
On ly) 

R .  Total Angle o f  Attack 

<) .  A/S , A l ti tude , � fach 

1 0 . Atti tude System 

I I .  Premature En�ine Shutdown 

A ct ion 

Haintain 1 4 ° 
n ,  Ch a.nr..c con ci f111rat i on 

to 30° upper .c l ap at • 7 �!::l c"l "J n . 
Sl,utdown on :M.SA I c a l l ( :=  "nf) �ec) . 

i.1se ,., 
Proceed as p l anned .11 7 S A  ( 1 11  a �fax ) 
?L U �I oveR. To I G 0o< t1 r !:..AifLY 5H'-'-Dow� 

F ly P l anned pro�i l e , l i n i t rT to . 9 . 
Data maneuvers at n i l ,., t ' �  rl j s c�et i � .  

LnJ£ , 

I f  contro l i s  m 1 r�i� � 1  oo tn two ch �nhe�s . 
( For p i tch tl anmer f"ai 1 ure rn t a t-.e at 1 �n a) . 
(For ro l l  d amper fai l ure> set ' !�ch 
Repeator to . 1) 

Set to manual 10% anr� proceed as n 1 annec . 
I f  "HA.'lUAL" mode inouerative- �w i t ch 
to "E!v!ER" pos i t i on and set t o  alJove 
va lue . 

Proceed as p l anned us in� h ackup angle 
of attack gage . KRA "� IANl lAL" 1 0�,; , 
st ick shaker of+ . 

Fly Two Chamb er pro4-"i l e ,  us e �no Jr t s  0 . 
ins tead of 1 �  a .  To rot ate fly I . n g  
to 2 3 0  KCAS then fly 1 . 2 �  to 2n0 KCA� . 
(KRA r.fanua l  1 0% , st i ck shaker off') 
P roceed as p l an'led us in .l! a ,  8 anrl 
t ime for pro+i l e  cnntrn l . 

Proceed as p l anned 1 1sin(T h acku!> 
ind i cator . 

I \ 
\ 
\ 

0-20 sec RW 2 Ros amond 

2 0 - 5 5  s ec RW 2 0  Ros amond 
5 5 - 105 sec RN 36 Rogers 

1 0 5 - 1 2 0  sec RW 1 8  (RHP) Ro gers 
1 2 0 -up sec R\'1 1 8  (UiP) Rogers 
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r: l ight :�o : 

Sci1e du l eJ Uate : 

P i l o t : 

:(- 2 4 1J  r: l i g ! 1 t  Requ e s t  
2 8  :· larch 1 9 74  

13 - 4C -� . - .-

' laj o r  Love 

r i.  ') .' I I  I • .. 

Pur po s e : 1 .  A i l e ron lJ e ad !3anJ I n ves t i ga t ion in Capt ive F l i gh t  Lnv i ronment l 
2 ,  Ai l eron A c t u a t o r  Comp artment Temperature Surv e y  

Simu l ateJ Launch : \�e s t  o f  Rosamon d ,  t'lag ��A�ad ing 06 0° 
+ Crosswind corre c t ioh 

An g l e .  45 , ooo fee t ,  ·� KIAS . F l ap B i as ":.tanu a l " , Upper 
F l aps = �0° , L01v e r  F l aps = 1?0 ,  Rutld e r  B i as �

_
1ocle "AUTO" , 

Rudde r B 1 as = d0 • Rudder Tr 1m = 1 Le f t . A1 l eron 3 i as 
= 7° , SAS G a ins 6 , 5 , 3 .  '·tach R e ape a t e r  " ; Ianu a l "  = 1 . 0 ,  
Kl\A "AUTO" , l lydrau l i c  P umps 2 and 4 on . 

l3- :J 2  Lan d i n g :  i-lain IJa se Runway 

B- 5 2  Trad: : X. - 2 4 13  Trac k It 2 (w i t h  extra turn ) (R25 15 , \�ork Area I )  

1 Tl�. I EVENT 
I 1 Take o f f  anc.l c l i mb a t  230  K I AS to 35 , 000 feet to in i t i a l  po int a t  

;.Joj av e , h e a d i n g  10 1P .  C omp l e t e  check l i s t  i t erns t o  25  mi nu t e  po int . 

2 

3 

4 

:.> 

6 

7 

At t he 2 5  r.tinute p o i n t - proceed \-J i th check l i st fun c t i on s .  
cont inue t o  c l imb t o  tl S K  at • 7 4  t o  • 7() '· lach numb e r .  

A t  18  m inut e s  (b e fo re l ox top o f f  b e p, i ns ) , X-24B  w i l l  p e r form a i l\eron 
ac t i v i ty C¥c l e . Photo chase and B-52  aft camera wi l l  rhot ogr anh a l l 
ai le r on ac t iv i t y  c yc l e s . Photo chase \v i l l  a l s o  ob t a in c l os e  up 
mov i e s  of v apo r/ f l u i d  f l ow f rom Lox ven t l ine ( l ower l e ft s i d e )  as 
f i na l  top o f f  is re ached . 

At the i n i t i a l  6 mi nut e 
w i l l  be announced . The 
new @ minute po i n t .  
hereafter b y  a c i rc l e ) . 
return to the i n i t i a l  8 

At th e @ m inute po i nt 

At t he ® minute po in t 

po in t , an 8 m inute add i t i on to t he coun t down 
i n i t i a l  6 minu t e  po i n t  w i l l  t h en b e come tpe 
(Upd a t ed coun tdown t ime w i l l  h e  den oted 
·n 1e  1.3-52 w i  1 1  con t i nue t he left turn to 

m inute po i nt l ocat i on . 

- perform ai l e ron a c t i v i t y  cyc l e .  

- perform ai l eron a c t iv i t y cyc l e .  

At t he 0 m inute point - perfo rm ai l eron ac t iv i t y  cyc l e . 



I TE:'I EVE�T 
8 At @ to @ sec perform pre - l aunch en gine t e st . 

9 At s imu l ated launch point - X - 2 4 8  pi lot wi l l  beg in ai leron act iv i ty 
to s imu late fl ight con trol i nput s :  13-52 p i l ot w i l l ma int ain 45 K 
for 3 minutes then hegin a descent (230 KIAS max) . 
Chase and B-52 aft came ra wi 1 1  photograph the a i leron mot ion . 

1 0  Seven minutes after the simu lated l aunch point , t he con trol s ystem 
ac t iv i ty test  w i l l  be termi nated and th e hydrau l i c s turned off . 

1 1  P roceed w i th the abo rt check l i st . 

1 2  I f  ai leron dead band had been encoun tered , �ASA I Ni l l  request 
add i t i onal ai leron act ivity cycles  dur ing descent and after l and in � .  

NLJTES : 

1 .  :-lose Bal l ast = 2 2 0  lbs  (+ 1 00 N1P HR EQU I P  BATT) 

i\LTCRNATE S ITUATIONS 

1 .  Surface w i nd l im i t ,  1 0  k ts crossw ind/ 2 0  k t s  max 

2 .  I f  sys tems check revea l X-2 4 8  to be in un f l yab le  cond i t i on - abort m i s s i on .  

RO BERT G .  I !OEY 
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X- 2 4 B  DERIVATIVE S 

Alex G .  S im 

F rom f l i gh t  1 0 , s i x  s e t s  o f  derivatives were obtained f 
Two o f  the s e  we re in the longi tudinal mode whi l e  the other 

four were in the late r a l - di r e c t ional mode . 

The two longitudina l s e t s  o f  derivative s , shown in 

f i gure 1 ,  were obtained powe r o f f  a t  about Mach numb e r  0 . 8 � 
The s e  were obtained f rom maneuve rs cons i s t i ng o f  two lower 

f l ap inputs whi ch were s eparated by approximate ly two s e codds 

o f  no pilot control input . Th i s  " doub l e  pul s e '' type o f  

maneuver i s  cons idered t o  y i e ld be tter r e s u l t s  than the co�-

vent ional " s ingle pu l s e '' type of maneuver .  

O f  the four s e t s  o f  latera l - d i re c t ional derivative s 

obtained , three were at about a Mach numbe r  o f  0 . 8 ;  wh i le 

the other was at a Mach number o f  0 . 7 . The Mach 0 . 8  data 

are shown in f i gure 2 .  In th i s  fi gure , data which we re 

obtained u s i ng the Newton- Raphs on digital te chn ique (wi thouf 
f l ags ) are p r e s en ted wi th " conf idence leve l s " wh i ch ind i c ate \ 
the amount o f  in formation contained in a particular mane uve r 

about e ach derivative . A wide conf idence leve l o �  bo u nd 

indicates a l ack o f  information about a spe c i f i c  derivative . 

The f l ight 1 0  s ta t i c  s t ab i l i ty derivative s have a lower 

con fidence level than those previous ly obtained and tend 

to ver i fy the l ine of s ta t i c  s tab i l i ty indicated by the 



wind tunnel p r e d i c tions . Note that the power -on f l i gh t  7 

de r i vat ive s we re obtained f rom a i rp lane o s c i l lations r e 

s u l t ing f rom beta- excurs ions rathe r than f rom intentional 

maneuve r s  for the purpo s e  of de r i va tive extraction . The 

Mach numb e r  0 . 7  set of deriva tive s agree we l l  w i th data 

previous ly obt a ined . 
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TECHN ICAL DEBR I E F I NG 

X - 24 B F l i g h t  B - 1 0 - 2 1  

P i l o t : �-1aj o r  Love 

1 .  D e scr ib e  t h e  l aunch tran s i ent ( 1 9 0 K I AS )  

/\n swer : 

Launch tran s i en t  was t h e  sam e  a s  I s aw on t h e  2nd f l i gh t . I was s t rapp ed 
in t i ght l y  and I d idn ' t  ri s e  up i n  t h e  s eat . I d idn ' t  l oo k  out s id e  on 
t h i s  one , I l oo k ed d ir ec t l y  at s w i t c h e s  2 and 4 and dur i n g  t h e  p i t c h  hown 
I was ab l e  to move my l eft hand r ight on t ho s e  two s w i t c he s . So I woyl dn ' t  
say there was much t o  t h e  l aunch tran s i en t . I l oo k ed up from g e t t ing my 
hand on t ho s e  two sw i t c h es t o  the a l pha gaug e and s aw , I t h ink 1 1 ° and 
wa s not awa r e  of any ro l l  off . V ery easy to c on t ro l , no conc ern at a l l 
in contro l l ing t h e  a i r p l an e . I t h i n k  t hat i t  wou l d  b e  impo s s ib l e for l me 
t o  not e any d i fferen c e  b etween b e ing emp t y  and ful l dur ing t ha t  4 s ec dnd s 
l et s  say from h i t t ing t h e  sw i t c h to actua l l y  f l y in g  t h e  a i rp l an e . \ 
2 .  D i s c u s s  t h e  eng i n e  l i ght s eq u en c e  and any a s so c i a t ed t r im c hang e s � 

An swer : 

We had an abnormal eng i n e  l i ght s eq u en c e .  After I ' d h i t  what I t hough\t 
was 1 1 ° ,  I pu s h ed numb er s 2 and 4 sw i t c h e s  forward , g o t  some n o i s e  and\ , som e  twitch ing on t h e  guag e s  but no chamber l i ght . I wa i t ed what I fet t 
was an appropr i at e  amount o f  t im e  j u s t  t o  b e  sur e I wasn ' t  g et t ing any � h in g 
and t h i n g s  got pr e t t y  qu i t e .  Then I turned 2 and 4 o f f ; h i t  r e s e t ; t urn ed 
1 and 3 on : got correct amount of no i s e ; c orrect amount of gauge mov emf,n t  
and two l i ght s w i t h  s o m e  pu l s in g  dur ing t h e  l i ght s equen c e . Then t r i er 
c hamb er 4 :  the s w i t c h  for 4 wa s o ff at t h e  t im e . I mov ed i t  to on -got s om e  
n o i s e  and a l i t t l e  b i t  of mov em en t  o n  the gaug e s  over i n  t h e  chamber pr e s 
sur e gaug e s  and t h en noth ing . I turned 4 o f f , moved sw i tc h  2 on and i f  
t l1 i s  c a s e  I got no i s e , again I n o t ed a po i n t er mov ed t hrough about 1 60 \ (ps i )  
t h en l oo k ed up for t h e  l i ght and got t h e  l i g h t  b y  t h e  t ime I was l oo k ing 
up there . I wa s busy enough dur ing t h i s  l i ght s equenc e t hat I d idn ' t  1 
not i c e  any t r im c hang e s . I was aware that I was probab l y  mov ing back ,nd 
forth between 1 0° and 1 3° of a, I was ma king no c on s id ered effort to ti im 
and I was not awar e  of any b ig r e q u i r em en t  for rudd er or a i l eron . The 
a i r p l an e  was p l easant t o  f l y  dur ing t h i s  t im e  becau s e  I c ou l d  j u s t  l ea�e 
it a l on e  and l oo k  d own at chamb er s w i t c h  and l ook at c hamb er g a ug e s , 1 3ok 
at l i ght s and spend a l mo s t  no t im e  l oo k ing at t h e  a l pha gaug e but at t l1e 
same t i m e  b e i ng awar e  t hat t h e  a l ph a  was s t a y ing down we l l  b e l o w  1 4 ° . 

Quest i on : Rat e t h e  p i l o t ' s  t a s k  o f  l ight ing t h e  eng i n e ?  \ 
Answer : 

� 
W i t h  t h i s  l i ght s equen c e  that I J e s c r i b eJ w i t h  t h e  a im a l pha not actua l l y  
go i ng t o  1 4° but b e ing som ewh er e above 1 0° ,  say 1 0° and 1 3° .  Th e r easo 
for t h i s  Johnny i s  that �lan k e  had mad e i t  c l ear to m e  that I s hou l d  j u s t  
go ah ead and stay in t hat r eg ime whi l e  I was l ight ing the eng i n e  so w i t 1l 
out t h e  t a s k  o f  t ry i na to h o l d  a h i g h  a and l i ght the eng i n e j u s t  l et t � e  
a i r p l an e  f l y . I ' d hav e to rat e i t  at a pret t y  g ood rat ing , I wou l d rat e 
i t  at 2 for t h e  t a s k s  I f l ew t oday . Reason for t h i s  r a t ing o f  2 i s  po s 1 ib l e ,  
i s  that t h e  p i t ch t a s k  w a s  a very l oo s e  t a s k  a l l I had to do wa� fl v t ht 
a i rp l an e in a c o n t ro l l ed manner b e twe en 1 0° and 1 3° , I d i dn ' t  have a

.
v er1 
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TECHN ICAL D E B R I E F I NG 

X - 24 B F l i ght B - 1 0 - 2 1  

P i l o t : �1aj o r  Love 

l .  D e scr i b e  t h e  l aunch tran s i ent ( l 9 0 K I AS )  

1\.n swer : 

Launch tran s i en t  \vas t h e  same a s  I saw on the 2nd f l i gh t . I was s t rabp ed 
in t i g ht l y  and I d id n ' t  r i s e  up i n  t h e  s eat . I d idn ' t  l oo k  out s id e  on 
t h i s  one , I l oo k ed d ir ec t l y  at sw i t c h e s  2 and 4 and dur i ng t h e  p i tc h  mown 
I was ab l e  to move my l e ft hand r ight on t h o s e  two s w i t c he s . So I wo�l dn ' t  
say t h er e  was much t o  t h e  l aunc h  tran s i en t . I l oo k ed up from g et t ing l my 
hand on t ho s e  two s w i t c h e s  t o  t h e  a l pha gaug e and s aw , I t h ink 1 1 °  and 
wa s not awar e  of any ro l l  o ff . V ery easy to c on t ro l , no conc ern at a l l 
in contro l l i n g  t h e  a i rp l an e . I t h i n k  t hat i t  wou l d  b e  impo s s ib l e for�m e  
t o  not e a n y  d i ffer enc e b etween b e ing emp t y  and ful l dur ing t ha t  4 s ec nds 
l et s  say from h i t t ing t h e  sw i t c h t o  actua l l y  f l y in g  t h e  a i rp l an e . 

2 .  D i s c u s s  t h e  eng ine l i ght s eq u en c e  and any a s so c i a t ed t r im c hang e s . 1 
An swer : 

We had an abnorma l eng i n e  l i ght s equenc e .  After I ' d h i t  what I t hought 
was 1 1 ° ,  I pus h ed numb er s 2 and 4 sw i t c h e s  forward , got some n o i s e  and 
some twitch ing on the guag e s  but no chamb er l ight . I wa i t ed what I fe� t 
wa s an appropr 1 at e  amount o f  t ime j u s t  to b e  sur e I wasn ' t  g et t ing an yith ing 
and t h i ng s  got pr et t y  q u i t e . Then I turn ed 2 and 4 o f f ; h i t  r e s et ; turn ed 
1 and 3 on : got correct amount of no i s e : c orrec t amount of gauge mov ement 
and two l i ght s w i t h  some pu l s ing du r ing tl1 e l i ght s equen c e . Then t r i ed 
c hamb er 4 ;  t h e  sw i t c h  for 4 wa s o ff at t h e  t im e . I mov ed i t  to on - g o t  s om e  
no i s e and a l i tt l e  b i t  o f  mov em ent o n  t h e  gaug e s  o v e r  i n  the c hamb er pr e s 
sure gaug es and t h en noth ing . I turn ed 4 o f f , mov ed s w i t c h  2 on and i n  
t h i s  c a s e  I got no i s e , aga in I not ed a po int er mov ed t hrough about 1 60 (ps i )  
t hen l oo k ed up for t h e  l ight and g o t  t h e  l i ght b y  t h e  t im e  I was l oo k i-qg 
up t h ere . I was bu sy enough dur ing t h i s  l ight s equ en c e  that T d idn ' t  
not i c e  any tr im c hang e s . I was aware t hat I was probab l y  mov ing bac k and 
forth b etween 1 0° and 1 3° o f  a, I wa s ma k ing no c on s id er ed ef fort to tn\im 
and I was not awar e  o f  any b i g  requ i r ement for rudd er or a i l eron . The 
a i r p l ane wa s p l easant t o  f l y during t h i s  t im e  b ec au s e  I cou l d  j u s t  l ea'\ll e 
i t  a l on e  and l o o k  d own at chamb er s w i t c h  and l oo k  at c hamb er gaug e s , l oo k  
at l i g h t s  and s p end a lmo s t  no t ime l oo k i ng at t h e  a l pha gaug e b u t  a t  t1e 
same t im e  b e i ng awa r e  that t l1 e  a l pha was s t ay ing d own w e l l b e l ow 1 4 ° . 

Qu e s t ion : R a t e  t h e  p i l ot ' s  t a s k  o f  l ight i ng t h e  eng i n e ?  

Answer : 

� W i th t h i s  l i ght s equence t hat I d e scr i b ed w i t h  t h e  a im a l pha not ac tua l y 
go ] ng t o  1 4 ° but b e in g  som ewh ere above 1 0° ,  say 1 0° and 1 3° .  Th e reaso 
for t h i s  Johnny i s  t hat f lan k e  had mad e it c l ear to m e  that I s hou l d  j ust 
e o  ah eau and s tay in t hat r eg ime wh i l e  I wa s l ig ht ing t h e  eng i n e so w i t �1 -
out t h e  t a s k  o f  t r y i n� t o  ho l d  a h i g h  a and l i ght the eng ine j us t  l et tte 
a i r p l an e  f l y . I ' d hav e to rat e i t  at a pret t y  good rat ing , I woul d rat e 
i t  at 2 for t h e  t a s k s  I f l ew today . R eason for t h i s  ra t i ng o f  2 i s  po s s ib l e ,  
i s  that t h e  p i t ch t a s k  wa s a v ery l oo s e  t a s k  a l l I had t o  do was fl y the 

0 0 
a i rpl an e  i n  a c o n t ro l l ed manner between 1 0 and 1 3  , I d i dn ' t  have a v er� 
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Flight B-11-22 Sideslip/Wind Investir,ation 

BY 

Captain Dennis J. Penka 

The investigation of wind-induced sideslip excursions was continued for 
flight B-11-22. As with the last flight, radar tracked Jimsphcre Balloon 
wind data were available in addition to the usual Rawinsonde data. It 
should be noted, however, that the Rawinsonde data for this flight were 
obtained from a balloon released at 2:15 AM. Normally data from the 
balloon released at B-52 takeoff time (9 :0 0AM) are used since significant 
atmospheric changes have been shown to take place between the normal daily 
balloon launch time (2:00 AM) and X-24 flight time. An instrumentation 
problem resulted in the loss of all Rawinsonde data from the later launch 
for this flight. 

This flight was significant in that large wind shifts with altitude were 
shown in both the computed and Jimspher� Profile� and that the pilot 
connnented on "clurds" (sideslip excursions) during the boost. This connnent 
came at approximately 47, 0 0 0  feet, which would have been just after the 
aircraft had flown through the large wind changes shown on the profile� 
between 41 and 45, 0 0 0  feet. In addition, films were again made of the con
trail during the boost phase which clearly showed the large wind shifts at 
the start of the boost and several smaller magnitude shifts throughout the 
climb. 

This investigation indicates that the "clurds", or sideslip excursions, 
noted during the powered boost on flights since B-7-14 are, in fact, caused 
by abrupt wind changes (either in magnitude or heading) with altitude. 
Rawinsonde wind data do not shmv these abrupt changes since the Rawinsonde 
system, by its nature, tends to average the winds over a large altitude 
band. In addition, it appears to be possible to extract a sidewind profile 
from parameters measured on-board the aircraft which shows the wind shifts 
with altitude . 
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·June 5, 1974 

TO: DOEER 

W.B. Arnold - THIOROL 

SUBJECT: Propulsion System Ope�ation Flight B-11-22 

SU:.!�I!A ... llY OF ENGINE OPERATION 

1. The prelaunch igniter test was eliminated for this flight. 

2. The post launch attempt to start chambers #land #3 resulted 
in a satisfactory start of chamber #3 and igniter operation 
only in chamber #1. 

3. The #1 fire switch was deactuated and chambers #2 and #4 
were started satisfactorilly. 

4. A second attempt to start chamber #1 again_resfilted in 
igniter operation only. 

· 5. The engine was placed in overdrive (hi�h Pc ) approximately 
30 seconds after chamber #3 had stabilized. 

6 .  · During· the·""aavance···ttY the·· ·overdrive condition the fuel 
manifold and chamber -pressures responded as predicted. The 
lox manifold pressure entered an excursion cycle 0.3 seconds 
after the advance was started. This excursion reached a low 
point of 299 psi and did not stabilize again for 9.0 sec. 

7. Fuel and lox tank pressures were lower than on previous 
flights but were well within operating limits. 

8. Engine shutdown was caused by liquid oxygen exhaustion after 
approximately 155 seconds of engine run time. 

DISCUSSION 

The. engine was removed from the aircraft and returned to the 
maintenance shop for investigation of the failure of the #1 chamber 
to start. Final Flight data was not available for analysis so it 
was assumed that the 65# chamber pressure switch was defective. It 
was-sus2ected that the switch actuating piston "0" ring had lost 
sealing ability similar to failures experienced in the past. The #1 
65# chamber pressure switch was removed from the control box and cold 
soaked at 0°F for 20 minutes.The actuation pressure was determined to 
be 109 psia and no vent port leakage was detected which indicated 
that the piston seal was satisfactory. The switch was disassembled 
and a considerable amount of moisture was found in the piston area. 
This moisture when frozen can change the actuation pressure. 



Page 2 

DIS:U33!0� continued: 

Th� components w�re dried and reassembled and t he cold soak was 
repeated. Th3 switch nctu�tion pres3ure returnad to normal. This 
test indicated that tha failure mode was due to Moisture rather 
than p ist on seal failure. The moisture accumulatio� was pro1Jably 
the result of the low chamber pressure line bleed flows which were 
found a fter Flight B-10. All oi the pressure switches in the cont rol 
box were disassembled, cleaned and rebuil t with new "0" rings 
as a precautionary measure. A procedur e t o  detect reduced flowrates 
of the Pch line bleed or ifice will be established. 

The press ure excursion which occur red in t he lox manifold 
press ure cannot be explained from the preliminary da ta. The t ransfer 
into overdrive appeared t o  be nornal as ind ica ted by the fuel 
manifold and chamber pressures. The #4 chamb er pressure a ppears to b e 
slightly damped and la gs the �2 and #3 pressures. Figure 1 is a copy 
of t he data sho�ing t he transicr and excursion. The low point of 
lox manifold pressure was 299 psi which is approximately 41 psi above 
t he cutoff levsl. �he shape and duration of t he excursion pr ovides some 
doubt o£ validity of the dat a. This doubt is further warra nted by the 
fact that t��re was no indication in fuel manifold and chamber pres3 
ures t hat the excursion was oc cu rr ing in the lox manifold. Normally 
the chamber pressurds are greatly a ffec t ed by lox manifold pressures. 
The fuel manifold will also respond as a result of lower tur bopum p 
power reqllirements due to red u ced or changing lox flowrat es. 

Figure 2 is a data copy of the shutdown transient showing 
manifol d pressures and the #2 chamber pressure. It must be remembered 
t�at t he liq u id o�ygen manifold pressure read ing is delayed by 0 .15 
seconds due to accu�ulator damping. At time marked 0 t he first 
indication of a cJpnge in lox manifold pressure oc c urs . This is 
reflected 0.1 sec later in the #2 chamber pressure. The shutdown 
was si�nallcd at abollt 1.2 sec. The decrease in fuel manifold pressure 
indic3tnd that the fuel was probably almost exhausted at this time. 
The affect lox manifold pressure has on chamber pressure is shown 
in this shutdown sequence '.<here instantaneous lox exhaustion in not 
encountered. This data also indi cates that t he lox pressure excursion 
indlcated during the overdrive initiation should have provided a 
significant change in chamber pressures. 

cc: N. De:\br 
J. Kolf 
TC-Elk. 

W. B. ARNOLD 
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X-24B OPERATIONS FLIGH� P�FORT 

FLIGHT: B- 11- 2 2  ------����------------------- DATE OF RE.t-'CII<: 7 /1 1/ 7 4 
----�==��------

PILOT: 
----------------------------------

DATE OF FLIGHT: 5/ 23/ 7 4  
----��----------J. Manke 

CARRIER AIRCRAFT: B-5 2  #008 LAUNCH LAKE: Rogers Lakebed 

PURPOSE OF FLIGHT: ( 1 )  Envelope Expansion to 1 . 2 5 Mach Number 

( 2 )  Stability and Control at Mach Number > 1 . 0 

(3) Buffet Investigation at . 65 Mach Number with 2 0° 

Upper Flaps 

(4)  Eng ine Checkout at 300 psi Chamber Pressure (overdrive) 

(5)  Fin and Rudder Pressure Survey 

(6 ) Boundary Layer Noise and Vibration Experiment (RED PLUG) 

I .  Discussion of Previous Operations 

Utilization of the B-52 cruise tank for lox topof f  appeared to alleviate 
the temperature problem with the L . H . aileron . This is because there is 
an orifice in the feed line from the cruise to reduce the lox flowrate 
during topof f .  This reduced flowrate results in acceptable topof f  rate 
with very little overflow of liquid from the X-2 4B lox vent line . 

The plan now is to install an orifice in the climb tank feed line so that 
either tank may be used for topoff . With this capability we will revert 
to the original procedure of leaving the B-5 2  tanks in vent during the 
initial climbout to allow the lox to cool . 

I I . Vehicle Conf iguration Changes 

A .  Reworked SAS system per attached memo . 

B .  Replaced attitude system gyro package with new "B" model . 

C .  Reworked pylon adapter forward camera mount to realign camera . 

I I I .  Instrumentation Changes 

Changed dynamics system circuit breaker from 5 amp to 7 amp rating . 

IV . Preflight Events 

A .  The engine igniter bleed orif ices were flow checked to determine 
if they caused the freezing of the chamber sensing lines during 

B-11-2 2  
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flight 10 . The # 4 ori f ice was completely plugged and the other 
three were partially plugged . New ori f ices were installed ana a 
new inspection requirement for flow checking the orif ices follow
ing engine operation were instituted . 

B .  The alcohol mani fold pressure dip during engine start on flight 10 
was very s imilar to d ips experienced on the PSTS prior to incorpora
tion o f  a bleed hole in the fuel feed line . Mr . Arnold felt that 
the bleed hole in the vehicle had become plugged so the feed valve 
was removed and vi sual inspection of the hole was attempted . The 
location made pos itive determination of the cond ition of the hole 
inconclus ive . 

C .  The nose gear steering circuit breaker was replaced because of exces
s ive force required to reset . 

D .  The cabin air cooling system on the pylon adapter was reactivated 
for hot weather operation . 

E .  Replaced lox/alcohol tank pressure regulator for low setting . 

V. Flight Events 

A. Servicing was accomplished without incident . 

B .  The #1 chamber fa iled to lite after launch and a three chamber pro
f ile wa s flown with no further problems . 

C .  The T /M ind icat ion of the #1 hydraulic buss voltage dropped to 2 0  
volts during the f inal approach . The current and hydraulic pressure 
ind ications were normal which would ind icate that the problem was 
in the T/M system. Following the flight the #1 Hydraulic power 
and monitoring systems were checked with no d iscrepancies noted . 

The vehicle was in good cond ition after the flight . 

Approved by :J/f? a/t-.-'Wiiliam P. Albrecht 
Chief, Operations 
Engineering Branch 

Written by:/H--� � 
Norman E .  DeMar 
X-24B Project Engineer 
Operations Engineering Branch 
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NATIG:\lt-\L AERONAUTICS AND SPACE IIO�,.]I;�!Sil<t\TiCm 
FLIGHT RESEARCH CHaC:r< 

,'\ r t·;-! c:;:: FS-044-7 4 June 18 , 1974 

'HEMORANDUM 

TO: X-24B Proj ect Manager 

FROM: Flight Systems Engineering 

SUBJECT: X- 24B SAS Problems Between Flight B-10 and B-11 

1 .  After flight B-10 the s tability augmen tat ion syst em was failing 
in the yaw axis . An inve s t igat ion showed that the #5 compar i tor was 
f ailing , further inve s t igat ion showed that the three gyros in yaw had 
d i f ferent damping charac t er i s t ic s  which could give this type of failure 
presentation .  

2 .  Ins talled the spare gyro packages in the roll/yaw systems . 

2 . 1  This installat ion required rewir ing the SMRD and torque test 
box because of the dif ferences in the number of test coils between the 
flight system and the spare sys t em. The flight sys t em used one coil 
for both SMRD and torque tests where as the spare sys tem uses two coils 
one for SMRD and one for torque. 

2 . 2  Discovered that during the rework the 2 8VDC pin was misplaced 
in the plug . Spent half a day t roubleshoot ing the sys tem before the 
error was dis coyered . 

2 . 3  Calibrated gyros and found yaw S / N  10 gyro was 25% lower in 
output than the other two gyros . 

2.4 Ins talled a roll/ yaw gyro package S/N 1 from the removed flight 
sys tem in S/N lO ' s place . 

2 . 4 . 1  Rewired S�mD and torque test box to make S / N  1 compat ible 
for gyro test purposes . 

2.4 . 2  Rewired X-24B vehicle for S/N 1 due to torque reversal 
be tween S / N  1 and S/N 4, 14 . 

2.4 . 3  Wrong SHRD and t orque test box was ins talled caus ing 
another half day los t  in troubleshooting system .  



2. 

2.4.4 During system checks it was discovered that the yaw 
system was not compa t ible between the o�iginal flight system and the 
spare system . _The difference is suspected in the washout ch aracteristics . 
This difference is being invest igated at Sperry Flight Systems Division. 

2.4.5 Decided to reinstall S/N 10 roll/yaw box which required 
reworking of S�ffiD and torque test box and vehicle . 

2.5 System appeared to be working properly so requested a preflight. 

2.5 .1 Pitch axis gave improper comparator outputs . 

2.5.2 Roll axis gave improper comparator outputs. 

2.5.3 Yaw axis gave improper comparator outputs . 

2.5.4 It was d iscovered that roll comparator tests where not 
completely improper . 

2.5.5 Pitch and roll would not pass switch off testing procedures 
with test cart removed . 

2.6 Tested pitch S/N 2 box in lab and discovered the box had internal 
problems . Sperry is investiga ting these problems .  

2.7 S uspected portion of the improper comparator output problems to 
be associated with low torqueing voltage . Modified test cart and vehicle 
for proper voltage levels. 

2.8 Portion of the improper compara tor lights on preflight was due 
to revers torqueing characteristic of t he dual coil gyro . Rewrote pre
flight to reflect the reversal. 

2.9 Test procedure was improper when test car t  was removed which 
explains 2.5.5 . 

• 
2.10 I nstalled S/N 1 pitch box and rewired SMRD and torque test box. 

2.11 Replaced the yaw gyro in S/N 10 box bu t the 25 % error was 
still present . 

2.12 Since the electronics in roll/yaw S/N 1, 2 and 3 aug . assy's 
were not suspected as being in error the gyros from S/N 4, 10 and 14 

were installed in S/N 1, 2, an� 3. 

2.13 Due to the problems associated wit h  the pitch S/N 2 box the 
decision to have Sperry investigate t he roll/yaw S/N 2 electronics box 
and fly with the roll/ya�-7 S/N 1 electronics box . 

2.14 Discovered that a loading problem existed between instrumenta
tion and the yaw B channel, requested that the yaw B channel be removed 
from instrumentation . 



With the following co�figuration: 

Pitch Aug Assy S/N 1 
Roll/Yaw Aug As sy S/N 1, 2 and 3 
Roll/Yaw Electronics Assy S/N 1 

3 .  

The X-24B stability augmentation system has performed properly and as  of 
this date t�vo flights have been accomplished. 

The spare SMRD and torque test box is being rewired for the present vehicle 
configuration . The vehicle test cart has been rewired. Information for 
the Lab test box is being obtained from Sperry so that the bench testing 
procedures can be updated . Twelve dual coil gyros are on order from Sperry 
and will be installed in the proper assy's as  soon as  pos sible and Sperry 
Flight Systems Division is investigating the reported problem areas . 

·� "/ .. .:.-�;:�<- t;.l_,<:�*'-'-" 
George Sitterle 
Flight Systems Engineer 



Postflight: 
Pilot : 
Date : 

B-11-22 
John Manke 
May 24 ,  1974 

OK, this is flight B- 11-22 , flown on the 24th day of May and this 
was another real good operation . The preflight things went real 
good. The bomber people had a couple of problems. They sure have 
a nifty way of  handling things . When something goes wrong they 
try all kinds of things , and they pulled 2 or 3 things out today 
that I thought might stop us. Good group on there. 

Shortly after we got airborne my microphone started getting looser 
and looser and looser on that thing , and Id pull it up a little bit 
and it just flopped down. Finally it j ust flopped down on the 
bottom of my helmet so I spent much of the preflight time with my 
head down like that , talking into the mic and then at 3 minutes to 
launch I was able to grasp it with my lower lip and pull it up and 
I held it up there the best I could. I lost it  again at low key so  
some of  the transmissions may have been a little bit wierd, but that 
was the problem. 

OK, SAS sure looked good on all the checks all the way through and 
all throughout the flight. George di d a commendable j ob on that . 
The tank pres sures seemed to be a little bit low , but they were just 
about what we saw at the engine run , I guess . I gues s  we put new 
regulators on and they are running 41 to 42 pounds when they first 
come up. Maybe they are going up higher as we get towards launch , 
but they use to run 46 , 7 and 48. I guess  you are not concerned about 
that. 

OK, after we got the plotter board_ fixed, I gues s  it was pretty hectic 
in the Control Room .  I was pretty disappointed because I did not 
think they would ever get it fixed.  When he said 60 se conds , why I 
knew we were OK, but I gues s  we really weren ' t. He had done that on 
the clock . 

OK . Anyway it worked out good. It was a good milQ launch just 
like thi s airplane i s  when it is heavy. I tried #1 and 3 chambers 
and #3 came up and #1 did not . I looked at it for a little while 
and shut off #1 and got 2 and 4 on , and they came up just like planned. 
The start on #1 and 3 seemed to be a normal start for one chamber . 
Everything timing-wi s e  and nothing. It  was a smooth start except 
that #1 did not go. Then after I got 2 and 4 up I tried #1 again and 
it did not come on so I just turned the switch off and went on our 
pre-planned 3 chamber flight. Not a great deal of a problem holding 
15 a, although I did overshoot a little bit one time and I got stick 
shaker. That i s  a pretty good reminder on the airplane. It comes 
on at a little over 16 . I looked up and I was there , back down to 
15 again . About this time Mike said we were climbing a little steep ,  

/ 
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and I got that impression too . The theta that I was seeing .:as a 
little bit higher than we had seen when on a 15 a simulator run, 
and also my Mach number had dropped down to a lower value than I 
had when in the simulator . So just every indi cation that the air
plane does  climb steeper at thi s constant 15 a than our simulator . 
That ' s  about the only difference I noticed in the performance than 
our simulator was . 

-2-

We got as many or more clurds on the way up this time as I recall for 
a long time . Thi s  must have been either a lot of turbulence or dif
ferent wind directions or something . I bet we got 5 or 6 little in
puts in beta , and maybe one or so  in roll . Nothing to be alarmed 
about , but they are j ust noticeable . When Mike said we were climb
ing steep and it looked like my Mach was low , I did come off the 15 A 
some , just to try to get it to come closer to the profile and make 
sure that I could get my Mach number eventually . I came down between 
13 and 14 a. Thatdid help and as I got to my 53 , 000' push- over 
altitude my Mach number was coming up towards . 85 like we had expected 
in the simulator . So I guess  I waited another 500' and then pushed 
over . So that all started to work out alright . Down to 10 o a and I 
still got a clurd or two in here .  The thing impressed me a lot here 
was how long it took to go sub- soni c .  But I gues s  I had been so use 
to flying the normal profile with 4 chambers that I expected it to 
punch through quicker ,  and we just waited and waited for the Mach 
jump . I got a good mechanization on the Mach jump in the simulator 
because  the airplane looks just like it . It just took a long time 
this time . OK, we got the 1.05 and it seemed to move out pretty good 
once I got the Mach jump . So I got the impres sion that I was going to 
go a little bit faster than we planned , so I threw in an extra rudder 
aileron doublet at 7 a and that probably occurred right close to 1 . 1  
Mach number . Maybe just a little bit shy of 1 . 1 .  

Then I could see that we were starting downhill again and I had ex
pected the engine to shut down . The simulator showed 147 seconds 
and we went beyond that and we were still burning pretty well . 
Started down hill and I became a little concerned about the airspeed 
because it was picking up . I guess  we got up to 270 - 280 and I was 
just about ready to reach over and shut it off ,  because I did not 
want to s ee 300 knots . For no particular reason , but I kind of set 
that as a limit. But then we did get burnout , though I am guessing 
a little bit over 1 . 1  Mach number . I was not watching Mach number 
at shutdown , I was watching airspeed. Pushed over to 5 a ,  got the 
pulse there. It seemed like I got a little more rudder in than I 
got in the simulator . Maybe the rudder effectivenes s  is  a little bit 
higher in the airplane . It just seemed like the total motion was a 
lot , although the damping looked very much like the simulator. So I 
think the only difference that I saw was just more rudder authority . 
That might have done it too , yes . 



Post-flight: B-11-22 

Then up to 10 o a and .bY that time 1-1e had gone , in fact that 5o a 
pulse  we probably got as we were decelerating from Mach l rn down 
to 95, something like in that ballpark . the 10 a pitch pulse was 

-3-

a sub-sonic one . Pulled up to 10 a, did a damper- on pitch pulse 
and the airplane i s  quite a bit better damped than the simulator . 
The simulator i s  just dead beat . At least in the simulator when 
you do a pitch pulse  the a will come back to 10 again . In the air
plane , why I had to help it back to 10. So well damped there with 
the pitch gain at 6. Got a pitch pulse and the nose went down , and 
then it did come up to about 8-9° and I would have to pull it back 
up to 10 for the s econd pulse .  So the damping i s  really good in the 
airplane . We went to 12° a for some handling qualities things , and 
I did not have a heck of a lot of time to look at it there , and we 
were at a lower Mach number than we had planned on being there . It 
flew very nice actually , very much like the simulator . Put some 
aileron inputs in  and you do get some yaw just like you do in the 
simulator. Got the yaw damper off at about 86 and I really could 
not tell the difference with the yaw damper off. The airplane is  
just like the simulator there . It  flies  very nicely with the yaw 
damper off. Did a push- over at 6° a, turned the pitch damper off 
and did a pitch pulse .  It went down to about z ero and back up to 
8 or 9 just exactly like the simulator . In fact , the pulse looked 
identical to the s imulator . It swings through a few cycles  but it  
i s  comfortable and pretty well damped. Probably 4 or 5 cycles .  

OK, then back up to 13 a to kill off some energy and fortunately 
we had planned these high energy profiles thi s morning. The wind 
had been doing it to us thi s morning so we were pretty well aware 
that we were going to swing quite a way beyond the intersection 
today , and it looked good on the simulator so we planned on doing 
it today and it worked out well . We did go beyond the intersection . 
I did clean-up about 32,000', pushed over to get the .65 Mach 
number and it worked just like we had been practicing in the 104 
and in the simulator . Went up to 12 a and bot a buffet . I don ' t  
know what on- set , but I think the on- set was at about 10 a at thi s  
65 Mach number . Pulled up to 12 and the buffet increased a little 
bit .  Thi s buffet is exactly like an F-104 at about 300 knots with 
the flaps up and you pull into a mild buffet . It s eemed j ust  like 
that . In fact , I pulled a little bit beyond the 12 and got j ust a 
little bit of wing rock . The 104 will do that too . I don ' t  know 
whether rock was from some turbulence or actual wing rock due to 
buffet, but it was just exactly like you get in a 104. It was 
amazing how s imilar . Held about 11.5 to 12° then until we ran out 
of buffet . I don't know what my Mach number ran out at . We can 
get that out of the data . Then we were quite a way right of track . 
I followed Mike's heading . He gave me a good heading , 340 or 330 
to fly . In fact , I did not take my head out of the cockpit at all 
until Mike called about one miles from the highway. I looked out 
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and there we were , like he saido Needless  to say the pra �icF �his 
murning really helped in the simulatoro It gave us all ccnf�dence 
that we could go beyond the intersection turn and come back and be 
able to handle the energy , and it worked out just like that. 

-4-

OK, the rest of the flight went real well . A little bit of an east 
wind in the pattern . I had seen it in the 104 and I ended up getting 
high on energy once I pas sed the 90 ° position . I did the same thing 
here today . The pattern looked real good until I got to the 90 , and 
then I suddently got real high . Ran the brakes out 32 ° and Bill made 
a real good call . We got a good tower setting on the 104. With the 
big brakes he was at idle and still able to hang in there with 32 on 
the speed brakes . So that i s  pretty fantasti c .  I sing prai s e  to the 
104 , but there is nothing else in the world that can do a thing like 
thato We got a good data point there . And as I always do , with the 
speed brakes ,  I left them out too long and was slow retracking and by 
the time I got them back in I had run myself just a little bit low . 
So my aim point dropped back l/4 mile or s o .  290 knots final , and 
quite a bit of turbulence on final . Light turbulence , but all the 
way down . The flare was very comfortable .  Lets see , somewhere just 
before or after I got the gear down I got a good kick of turbulence . 
I don't know what it was . Wing probably dropped 5 or 10°. No problem 
receovering . I just held it off and listened to Willie ' s  call and 
I would guess  we were somewhere around 170/175 at touchdown . The roll
out was greato I did not use nose gear steering until I got very slow . 
I used some braking . Probably would call it moderate braking from 
about 80 knots on down . That ' s  all that there was to ito 

Oh yes , I wanted to tell you that over- drive came on at 30 seconds 
and I could feel it . There was j ust no question that there is  a 
thrust there . We were wondering whether a guy in the cockpit would 
feel it . There i sn'nt very much change in chamber pres sure but I 
could feel the acceleration . That i s  a super deal . That is  nifty 
to have that . 

Yes , in fact it did .  It gives you just about the same thrust as you 
get with a lOOo# of landing rocket . About the same sort of feel . 
I can feel those each time at low key Felt a lot better with 
the yaw SAS on then with it off, George 



FLIGHT : 
PILOT : 
NASA 1: 
B-52: 
LNCH PANEL : 

B-11-22 
J. Manke 
M. Love 
008 
J. Rus sell 

ENGINE START : 
TAXI : 
TAKE- OFF : 
LAUNCH : 
LAND : 

o845 
0855 
0910 
1003 
1010 

24 Minutes to launch 

Manke : 

NASA 1: 
Manke : 
NASA 1: 

NASA 1: 
Manke : 

NASA 1 :  
Manke : 

NASA 1: 
008 : 
Manke : 

NASA 1: 
Manke : 

NASA 1 :  
008 : 
Manke : 

SAS gain are 6, 5, 3 
Ready for a calibrate 
Roger 
And there it i s  
A good calibrate 
X-24 air is 300 
Cabin pres sure altitude i s  22 
Pylon i s  holding at 6 
2 & 4 hydraulics coming on 
OK, the pres sures are 31 each and the lites are out 
Roger 
SAS modes are on 
All circuit breakers  are in except vehicle release  and brake 
Roger 
Mach repeater is at auto 
a i s  reading 2.5° 
Airspeed reads 230 
Altitude 40,000 
Indicated Mach .76 
Please start your turn 008 
008 
Mach repeater is  manual 1.0 
OK, that i s  about one on the lowers 
Roger 
Comes the emergency flaps 
Got 30 
Back 25 
Coming open 
With the normal switch to 40 
Got 40 and no rudder 
Coming in to 20 
And I got 20 
-10 coming back to 40 
OK, there i s  40 and 0 Mike and rudder coming to manual 
Coming in  to 10 
Going out a little 
Now going to auto and it goes back to 0 
OK, aileron bias mode going to back up 
008, steepen your turn 
008 
And am going to 5 



FLIGHT : 

Manke : 

NASA 1: 

Manke: 

NASA 1 :  
008: 
Manke : 

NASA 1: 

Manke : 
NASA 1: 
Manke : 

Chase : 
NASA 1 :  
Manke: 

NASA 1: 
008: 
Manke : 

NASA 1: 

Manke : 
NASA 1 :  
Manke: 

B-11-22 

Back to 9 
Switch going to normal 
Back to 5 
Now I will reset it at 7 

-2-

Chase 1, be sure and let us know when you see LOX out the 
vent 
OK, stick coming full aft 
Stick trim forward,  aft 
Trim is set at 10 
Here comes some aileron 
Left , right 
Shallow your turn, 008 
008 
Aileron is set at 0 
OK, rudders right , left 
Yaw trim ,  right , left 
Left 0 
l o left 
How does that look , Mike? 
A little more left ,  John 
A little more left ,  John 
OK, there is left 
That's good 
OK, KRA going to 50 
Here comes the sti ck 
I got rudder 
You ' re getting a little �OX vent now 
Roger 
Back to 0 
No movement 
KRA going emergency 
Shallow your turn , 008 
008 
50 percent 
I get movement 
KRA to normal 
It ' s  programming back to 0 
Sti ck shaker- test , it works and it ' s  on 
OK, my Mach repeater is 1.0 
Flap mode is manual 
Rudder mode is auto 
008, rool out 245 
And we would like precool off ,  John 
Precool is off 
Roger,  and 008, 245 
Gains set 5, 5 , 5 ,  and here is the old SMRD 
No lites 
Torque 
No lites 



FLIGHT : 

Manke : 

NASA l :  

17 Minutes 
NASA l :  
Manke :  
NASA l :  

Manke : 

NASA l :  
Manke : 
16 Minutes 
NASA l :  
Manke : 
NASA l :  
Dana : 
Manke : 
Dana : 

NASA l :  
Dana : 

NASA l :  
15 Minutes 
Manke :  
NASA l :  
008 : 
NASA l :  
14 Minutes 
NASA l :  
Manke : 

NASA l :  
Manke : 
008 : 
NASA l :  
008 : 

B-ll- 22 

#l servos off and a torque 
3 yellows 
#2 i s  off and a torque 
3 reds 
OK, SAS gains 6 ,  5 ,  3 ,  
Servos auto 
They are reset and a torque 
No lites 
Good work , George 
SAS modes are on and I will wait for 14 minutes 
OK John , it looked real good down here 
We are just pas sing · l7 minutes  

John could you give us  a little bit of  left roll trim 
Alright 
A little more 
That ' s  good 
Alright 
How do the aileron bias ' s  look to you? 
Aileron bias i s  good 
OK, Mike 

16 minutes , John 
OK, Mike , 16 minutes 
Bill Dana , how do the campsites look at Lake Cachuma? 
OK, let me look at them, John 
I can see one open one over there 
No , John, that has got a small camper in it . 

- 3-

John Armstrong , there are no spots available at Lake Cachuma . 
Thank you very much , Bill 
It is nice to have someone you can count on fo r a straight 
information , i sn ' t  it? 
15 minutes , John 

Alright , 15 minutes 
OK,  008 come 3 left and give us your heading 
Roger , heading 242 
Copy 

14 minutes , John , 14 
Alright Mike 
OK, swapped hydraulics 
Lites  are out and I read 2700 on the pair 
Roger 
And I am ready for a pitch and yaw pulse , 008 
Roger , going to have a pitch pulse , now 
Good pitch pulse 
Yaw pulse coming 



FLIGHT : 

NASA 1 :  
MANKE : 
NASA 1 :  
Manke : 

NASA 1 :  
Manke : 
NASA 1 :  
13 Minutes 
Manke :  

NASA 1 :  

12 Minutes 
Manke : 
Save 45 : 
008 : 
NASA 1 :  

ll Minutes 
Manke : 
Chase 1 :  
Chase 2 :  

Chase 1 :  
NASA 1 :  
10 Minutes 
Manke : 

NASA 1 :  
Manke : 

NASA 1 :  

Manke : 

NASA 1 :  

B-11-22 

Good yaw :pulse  
Very good, I can see them here toe , Mik e  
Roger 
If you are on thi s heading for a bit Mike I ·will s et 
up my gyros 
Roger , heading is good 
Erect , fast erect 
Roger ,  13 minutes John , 13 

Alright 
OK, I ' ve got 40 on the uppers 
10 on the lowers 
My ailerons are zero 
My aileron bias 7 
Rudder i s  l o left and rudder bias i s  0 
We agree 
12 minutes , John , 12 

OK, Mike , 12 minutes 
Mothershi:p 008 ,  SAVE 45  on station 
Roger 
Copy , thank you 
ll minutes , John , ll 

OK, Mike , ll 
I didn ' t  have a camera man today . Had to bring my own 
You ' ll find it behind the back seat stick 

- 4-

That ' s  a good :place for it on final 
I will wait until I get on final 
10 minutes , John , 10 minutes 

OK,  Mike , 10 
#l is  4000 
#2 i s  4100 
Control gas 505 
Governor balance 470 
Fuel tank 0 
LOX about 3 
Landing gear about 3000 
Ready for the pump heater off and on 
Rog , go ahead with it off 
Heater coming off now 
Coming back on �1ow 
Roger 
OK, that was a good check 
Roger 
Good thing you are not going to San Diego thi s week ,  the 
coast i s  definitely not clear 
Thank you, John 
9 minutes , John , 9 minutes 



FLIGHT : 

9 Minutes 

Manke : 

NASA 1 :  
Manke : 

NASA 1 :  

8 Minutes  
NASA 1 :  
008 : 
Manke : 

Chase :  

Manke : 
NASA 1 :  
Manke : 
NASA 1 :  
Manke : 
NASA 1 :  

7 Minutes 
Manke : 
NASA 1 :  
Manke : 
NASA 1 :  
Manke : 
6 Minutes 
NASA 1 :  
Chase : 
Manke : 
NASA 1 :  
Chase :  
B- 52 : 

NASA 1 :  
Chase : 
NASA 1 :  
5 Minutes  
Manke : 

B- 11 - 22 

OK, Mike , 9 minutes 
Erect switch cut- off 
Fast erect i s  off and my attitudes are very good 
Roger 

. - 5-

I don ' t like Dana ' s  attitude but there is  not much we can 
do about that 
10 seconds , Dana , 10 s econds 
8 minutes , John 

B- 52 start your turn 
008 
OK, 8 minutes , Minke and Chase l are you ready for a throttle 
check? 
Go ahead 
That looks pretty 
OK, looks good here 
We had 2 down here , John 
OK, Mike , here comes the aileron activity cycle 
Roger 
That looked good here 
OK, it looked good down here , John 
7 minutes , John , 7 

OK, Mike , I am on X-24 radio , going to secondary 
Roger 
OK, back primary , Mike 
Five square ,  John 
Good show 

6 minutes , John , and chase aircraft check windshield heat 
1 ,  la and 2 ,  2a, 3 
I have got 27° on the lowers 
OK, looks good down here 
Chase 3 ,  remember only 2 chase can go down 
NASA 1 ,  launch panel ,  is  there any indication of LOX top
off as yet? 
Roger , we have it 
We have a good steady flow out now 
5 minutes , John , 5 

OK, I am on battery 
Have reset emergency battery 
Lite is  out 
I am on 2 & 4 hydrauli cs 
The lites are out 
I am reading 3500 



FLIGHT : 

Manke : 

B- 52 : 
Manke : 

NASA 1 :  
008 : 
Manke : 

NASA 1 :  

NASA 1 :  
3 Minutes 
Manke : 

NASA 1 :  
Manke : 
NASA 1 :  
Manke : 
NASA 1 :  
Chase :  
NASA 1 :  
2 minutes 

B-11-22 

I am reading 3500 
Bus loads , 120 , 110 , 105 and about 35 
SAS gains are 5 and the old SMRD 
X-24 adapter power off and ammeters are zero 
No lites 
Going to torque 
060 , 008 
Roger 
No lites and #l ; s  coming off 
Torque 
3 yellows 
2 ' s  are off 
A torque 
3 reds 
SAS gains are 6 ,  5 ,  3 .  
Servos are auto 
Lites are reset 
And a torque 
No lites 
SAS looks good 
Good here , John 
We ' re inside 4 
3 minutes 

OK, Mike , 3 
I ' m on X-24 oxygen 
Regulated pres sure 85 
Cylinders about 75 
Just went to X-24 air 
Cabin altitude is 25 
Canopy defog is  in heat and forward canopy is on 
Suit vent is low 
#: l helium 4000 
#2 41 
Control gas 505 

- 6-

Governor balance about 440 and erect and fast erect i s  on 
OK, and what i s  the X-24 air? 
X-24 air is about 2800 now 
Roger 
And my trim looks good 
OK, looks good here 
Looks good outside 
2 minutes 



FLIGHT : 

Manke : 

B- 52 : 
Manke : 
NASA 1 :  
Manke : 

NASA 1 :  
Manke : 
NASA 1 :  

B- 52 : 
Launch Pl . 
NASA 1 :  
B- 52 : 
NASA 1 :  

1 Minute 
Manke : 

NASA 1 :  
Manke : 

NASA 1 :  
Manke : 

NASA 1 :  
Manke : 

NASA 1 :  
Manke : 

LAUNCH 
NASA 1 :  

Manke : 
NASA 1 :  

Manke :  
NASA 1 :  
Manke : 
NASA 1 :  

B-11-22 

OK , 2 
Precool i s  off 
Engine bleed on 
Prop supply on 
Top- off complete 
And I pres surized the tanks 
OK, John 
The fuel looks like about 42- 43 and LOX i s  coming up at 
about 40- 41 
Roger 
Release pres sure low lite is  out 
Roger 
3 °  right , 08 
008 
B- 52 Radar beacon off 
Roger 
Release pres sures look good 
Roger 
We got a problem with the plotter , John 
OK, John , 1 minute now 

OK, got the one minute 
Started rrry clock 
OK, we got the plotter fixed 

- 7-

#1 OK, #2 OK, SAS lites are out , a 4 ,  � 1 ° needle left 
Everything looks good 
45 s econd, John 
Engine master i s  on 
Erect cut- off 
Fast erect i s  off 
30 seconds , John , and everything is  good down here 
OK, rrry release circuit breaker is in 
I ' ll wait a second on the camera 
Roger 
Camera/recorder is on and the fin camera is on 
OK, Mike , 5 seconds 

OK, John , check your a 
We got 3 good ones down here 
I got 3 good ones 
OK, John , it will be a 3 chamber profile 
Got a good heading 
You are on a 3 chamber profile 

check 15  a max 
OK, 15 
OK, we are 28 seconds , get overdrive on 
I can feel the thrust 
You got a good overdrive , disregard your theta , we ' ll 
hold 15 a max 



FLIGHT : 

NASA 1 :  

Manke : 
NASA 1 :  

Manke : 
NASA 1 :  

Manke : 
NASA 1 :  

Manke : 
NASA 1 :  
MANKE : 
NASA 1 :  
Manke : 
NASA 1 :  

Manke : 
NASA 1 :  

B- 11-22 - 8-

You are going to be pushing over at 5 3 , 000 to 10 n ,  
at 105 you will push over to 7 a and leave the cve�drive on 
to burnout 
OK, lets cover those thi ngs again as we get to them 
Roger 
Get the 5 a doublet after burnout at 105 and proceed as 
planned 
Good  heading 
Holding about a 1000 low on the 3 chamber profile 
0 1( ,  got a few klurds and got beta out about a degree 
Roger , we have you thru 50 and you are high on the 3 chamber pro
file 
Excellent heading 
OK, my Mach i s  kind of low 
OK, check your Mach 
Standby for a pushover to 10 a 
I have you thru 53 , 000 now 
OK, I ' m reading 52 and I ' ve got . 75 Mach 
Roger , check your a and � 
Check ,  there i s  10 a 
Roger 
Beta l o needl e  left 
OK, standby for 105 and 7 a 
Leave the overdrive on 
You are right on track 
You have a good profile 
See you going to 7 
You are approaching burnout 
Remember it i s  5 a and doublet after burnout 
You are right on tractk 
Roger 
Burnout 
5 a and doublet 
See your 5 
See your doublet 
10 a and pitch pul s e ,  
Good heading 
On profile 
See you going to 10 
Do your pitch pulse  
12  a and get your handling qualities 
You are 5 miles , 
Good heading 
On profile 
Approaching 4 miles 
Check your Mach 
Standby for yaw damper off at 6 a 
4 miles you get to 6 
Pitch damper off 



FLIGHT : 

NASA 1 :  

MANKE : 
NASA 1 :  

Manke :  
NASA 1 :  

Manke : 
NASA 1 :  

Manke : 
NASA 1 :  

Manke : 

B- 11-22 · - 9-

13 0: 
Prop supply off 
Go j ettison 
2 miles  
Good profile 
About 1500 low 
Roger 
And there is a mile , John 
Good heading 
Get your damper (yaw ) on and hold that heading 
You are 1500 low 
You ' re abeam the intersection , 
Hold that heading 
Wait for the j ettison 
Cleaning it up 
OK, John , stop j etti son 
Tanks and bleed 
350 will be a good heading 
You are on profile 
See you going clean 
Check . 65 Mach and standby for buffet 
Plan on 345 
You are 1500 low 
See you up to 12 
4 miles 
Plan on 335 
You are going 2 miles wide but you are only 1000 low 
OK,  if you ' re done with the buffet you can check SAS 4 ,  3 ,  2 
You are about 2 miles wide at 3 miles 
Coming up to profile 
335 would be good or even 330 
OK, Mike ,  good 
We got you 432 , John 
You are approaching 2 miles 
Get a rocket check when you want 
You are 500 high 
2 miles 
l and 3 hydraulics 
We got your 2 good chambers 
We got your hydraulics 
You are approaching a miles , that ' s an excellent heading 
You are about 1000 high on the normal 
Roger 
You are about l/2 mile ,  holding 1000 high 
Your ' re l/2 mile wide 
Over the highway 
You can start your turn 
OK, Mike , good calls 



FLIGHT : 

Chase : 
Manke : 
Chase :  

Manke : 

NASA 1 :  
Chase : 
Manke : 
Chase :  
Manke : 
NASA 1 :  

Manke : 
NASA 1 :  
Chase :  
Manke : 
Chase :  
Manke : 
Chase :  

NASA 1 :  

Manke : 

NASA 1 :  
Manke : 

NASA 1 :  

Manke : 

NASA 1 :  
Manke : 
NASA 1 :  
Manke : 

B- 11-22 

20 , 000 ,  230 knots , John 
OK, Willie 
87% with the big brake 
279 
Check 
Got about 275 
See your boards , John 
It  is about idle thrust on the 104 , John 
OK, and I got about 32 on the uppers 
How about that 
290 
OK, John , Mach repeater 3 
We see you closing up 
Got it 
We see it  
200 ' 
OK 
Call that 100 , John 
OK 
50 , and you got 3 good ones 
25 ' 10 ' 5 '  3 ,  2 ,  l 
Nose gear steering arm 
OK, we will have debrief at 1100 
Another beauty John , the phamton did it again 
Yes , but darn that chamber though 
OK, Mike , the throttle is  off 
KRA manual 
Camera i s  off 
Here comes the calibrate 
Roger 
And recorder coming off 
OK, SAS servos coming off 
Hydrauli c pumps off and the canopy defog is  off 

#1 helium 1200 
#2 i s  about 38 
Control gas 500 
Governor balance 460 
Roger 
Do you want to erect the platform, John? 
Oxygen 1200 
Cabin air is down around Boo 
Stick shaker ' s  off 
Engine timer reads 156 
Roger 
Radar coming off 
Rog 
And I am into erect and fast erect 

- 10-



FLIGHT : 

NASA 1 :  
Manke :  
NASA 1 :  

The End 

B-11- 22 -11-

The real phantom would like to know what you saw for f\1ach 
I think something like a little bit over 1 . 1  

OK, John 
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Preliminary Results of X- 24B 

. Flight B-12-23 

14 June 1 9 7 4  

By 

USAF/NASA X-24B Proj e c t  Team 



Flight Summary - Flight B- 12-23 

Fligh t B- 12- 2 3  wa s flown on 14 June 1974 by Maj or Mike Love . The 
four chamb er f l ight was flown as planned and all obj e c t ives were ac
compl ished . The signi f icant flight condi tions were as f ol lows : 

Maximum Mach Number = 1 . 23 
Maximum Altitude = 65 , 5 1 2  feet 
Maximum True Airspeed = 7 04 Kt s .  
Flight Time = 6 minu tes 45 . 4  second s 
Burri T ime = 106 seconds 

A summary of the key data maneuvers performed on the f l ight is 
listed below. 

A 

Mach No . 

1 . 18 

1 . 19 
1 . 07 
1 . 03 

. 7 7 

• 8 2- . 61 

. 55- . 5 9 

The powered 
comparison of 

Max alt itude 
Max Mach No . 

6 . 5  degrees 

6 degrees 
5 degrees 

10 d egrees 
8 degrees 

6 degrees-
12 degrees 

f light performanc e 
p lanned and actual 

- feet 

was higher 
cond itions 

P lanned 

6 2 , 5 00 
1 .  25 

Burn time - s econd 112 

Maneuver 

Rudder/ai leron doub let 
{power on ) 
Rudd er /aileron doub let 
Rudder/aileron doublet 
P i tch pulses ( 2 )  
Rudder/ aileron doub let 
(yaw damper o f f )  

Yaw damper o f f  H . Q  • 

{ 38 . 6  s econds ) 
Aileron B ias POPU ( 3 0  de
grees upper f lap s )  

than p lanned b y  the s imulat ion . 
is shown below : 

Ac tual 

65 , 500 
1 . 23 
106 

A postf light s imulator match of this d i f f erence was performed us ing 
pre liminary data . A close mat ch to the ob s erved performance resulted 
wi th an increase in thrus t of 400 pound s . This inc rease thru s t  level will 
be used to plan the next fligh t . 

Thi s was the f i rs t flight with the " sys tem two" subcom which transmi t s  
39 add it ional su rface pres sures . However , the sync failed to work p roperly 
and the data was no t recoverable . 
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F l ight No : 

X -24 8 F l ight Request 

6 June 1 974 

B - 1 2 - 2 3  

Schedul ed Dat e :  1 4  June 1 974 

P i l ot �  Maj or Mike Love 

Purpo se : 1 .  Envelope Expans ion to 1 . 2 5  Mach Number 

2 .  Stab i l ity and Contro l at Mach Number > 1 . 0  

3 .  F in ,  Rudder and P l ap Pressure Survey 

4 .  Boundary l ayer no ise and v ibrat ion experiment (RED PLUG ) 
Launch :  West of Rosamond , Mag Heading 060° + Cross  Wind Correc t ion 

Angl e .  4 5 , 000 feet , 190  JCIAS . F l ap Bias ' 'Manual " ,  Upper 
F l aps • -4 oo , Lower F l aps .. 27° , Rudder B ias Mode "AUTO" ,  
Rudder Bias • 0° . Rudder Tr im • 1 ° Left . Ail eron Bias = 
+ 7° , SAS Ga ins 6 ,  5 ,  3 .  Mach Repeat er ' 'Manual " =  1 . 0 ,  
JCRA "AUTO" .  Hydraul i c  Pumps 2 and 4 on . 

Land ing : Rogers Lakebed Runway 1 8  

B - 5 2  Track :  X-24 B Track * 2  (R2 51 5 ,  Work Area I )  

ITEM TIME ALT 

1 0 4 5  

2 30 4 3 

3 4 0  4 5  

4 7 5  5 6  

5 96 62 

6 1 04 62 

A/ S a 

1 9 0  5 

24 5 1 5  

220  15  

1 8 0' 14 

205 1 0  

220 7 

. 7 1  
( .  7 0 )  

. 84 
( . 8 2 )  

. 8 0  
( .  79)  

. 8 5  
( . 8 3)  
1 . 05 

( 1 . OS) 

1 . 1 5  
( 1 . 1 5) 

EVENT 

Launch ,  Light 4 
Chambers , Trim to 
and Mainta in 1 5° a 

At 30 sec . Turn 
Overdrive" on . 

e • 37° Ma intain e 
• 37° (cross c h ec k a)  
At 56K ( . 8 5  MachT) 
Pushover to 1 0° a .  

At 1 . 05 Mac� , over 
drive off , pushover 
to 7° a .  

Perform rudder and 
ail eron doub l ets 



ITEM T IME ALT A/S a M.r/Mi EVENT 

7 1 1 2  62 248 7 1 . 25  At 1 . 25 Mac� shut 
(L 25)  down eng ine . Per -

form rudder and 
a i l eron doubl ets . 

8 1 2 1  60 235 7 1 . 1 2  Pushover to 5° a ,  
(1 . 1 2)  perform rudd er and 

a i l eron doubl et s .  

9 1 29 56 240 5 1 . 07 Pul l up to 1 0° a ,  
(1 . 07) set pitch gain to 4 ,  

perform two pitch 
pul ses , then pul l  up 
to 1 20 a and evaluat e 

flying qual i t ies to 
. 8 5  Mr , at . 8 5  Mr Yaw 

damper to " z ero gain" 

1 0  1 61 44 240 1 2  . $4 Pushover to 8° a ,  
( . 82)  Perform rudder and 

a i l eron doubl ets . 
Tr im to 1 3° a . . �et t i -
son propel l ant s . Yaw 
damper to "on" 

1 1  2 00 35 1 95. 1 3  . 58 Intersect ion , Turn to 
( . 57 )  l ow key head ing . Change 

configurat ion to -300 
upger fl aps . Trim to 
1 1  a and cyc l e the 
a i l eron bias 7° -1 1° 
-50 -70 . Trim to 1 0° a .  

1 2  255 25 225  10  . •  54 Change configurat ion 
( . 51) to -20° upper flaps . 

Vector to low key . 
Set SAS Gain to rol l 3 ,  
Yaw 2 .  

1 3  285 21 2 30 1 0  . so Low key , rocket check , 
( . 49) 1 1  and *3 hydraul ic 

pumps on . 

14 Change Mach repeater 
to 0 . 3  during final 

2 



NOTES : 

1 .  No s e  Ba l l a s t  = 2 2 0  l b s  ( + 1 0 0  AMP I IR Equp Ba t t )  

2 .  We ight - l b s  cg - 0& 

Launc h  1 3 5 3 0 6 5 . 9  

Shutdown 9 2 0 3  64 . 1  

Lan d i n g  8 4 67 64 . 0  (g ear Jown ) 

3 .  Eng ine S/N R ,  Pump S / N  SA 

N0rma l 

Thrust - l b s / c h�nb er 
LOX F l ow R a t e  - l b / s ec / c h amber 
WALl. Ji l ow R a t e  - l b/ s ec / chamb er 

4 .  rower on Bo s e  Drag Reduc t ion r.C = - . 0 0 5  

5 .  P i tch At t i t ude Nu l l  at 37° 

2 1 0 0 

4 . 5 1 

4 . 0 5  

Overd r i v e  

2 350 
5 .  04 5 

4 . 53 

G round Ru l e s for NO LAUNCI I :  

1 .  Radio , radar , PCM fa i l ur e  

2 .  E l ec t r i c a l  o r  SAS ma l func t i on 

3 .  A/ S ,  al t i tud e ,  Machm e t cr fa i l ur e  

4 .  Angl e o f  a t t a c k  o r  s i d e s l i p  ma l func t i on 

5 .  Any c on t rol sys t em mal func t ion 

6 .  Lo s s o f  cab in pres sure 

7 .  Turbu l enc e b e l ow l O K in exc e s s of mod erat e 

8 .  Sur fac e w i ml s  gr eat er t han 2 0  k t s o r  c r o s s w i nd g r ea t e r  than 1 0  k t s  

9 .  r: a l l ure o f  eng i n e  coritro l box h ea t er 

1 0 .  P a i l ur e of st ick shaker 

( I n n dd i t i o n  t o  s t andard ground ru l es pub l i s hec.l .i n  L i ft Bod y . J o i n t 
Operat ion� P l an )  

A l t ernat e  Situat j on s  Aft er Launch : 

3 

P a i l ure 

1 .  R ad io , radar , PCM 

2 .  Onl y One Chamb er Opera t e s  

Ac t ion 

Proc e ed as p l ann ec.l . 

Vec t or for IHV 0 2  Ro s amond , shut down 

c hamb er . j ct t i son , c hang e  c on fi r tJr t .  ,. a 1on . 



4 

Pailure 

3 .  Only Two Chambers Operate 

4 .  Only Three Chambers 
Operat e 

5 .  Del ayed Eng ine Light 

6 .  Overdrive Fai lure 

7 .  Total damper failure 
any axis 

8 .  KRA "AUTO" Fai lure 

9.  Angl e of Attack 
( Indicator On l y) 

1 0 .  Total Ang l e of Attack 

1 1 . A/ S ,  a lt itude , Mach 

1 2 . Attitude System 

Ac t ion 

Maintain 1 5° a .  Change con figurat ion 
to 35° upper flap at . 7  Mach No . 
Shutdown on NASA I ca l l  ( � 2 1 0  sec ) . 
Evaluate dampers off hand l ing qual it i es 
at pilot ' s  discret ion . Perform 6A8 
PO-PU ( - 30° 6�) i f  energy permit s .  

Maintain 1 5° a .  Overdrive on at 30 sec . 
at 53K ( . 85�) pushover to 1 0° a .  At 
1 . 05MT pushover to 7° a (overdrive stays 
on) . Burn out approximately 1 . 1 5� ( 1 56 sec ) . Observe hands off tran�on ic 
trim change (Mt 1 . 1 to 0 . 9 ) , tr im to 1 2° a and proceed as pl anned . Change 
Pitch gain to 4 at low key po int . 

Proc eed as planned . Use 4 0° e (1 5° a 
MAX) . At 57K pushover to 1 0  a .  
Proceed as pl anned . Maintain 1 5° . At 
57 K pushover to 1 0° a ( 1 29 sec Burn Time) . 

Fly  3 chamber profi l e ,  turn the overdrive 
off ,  maintain 1 3° a ,  l imit Mr to . 9 .  
Shutdown on NASA one cal l . I f  contro l 
i s  marginal go to two chambers . Rol l or 
Yaw fai lure set Mach Reg . to 0 . 3 .  P itch 
failure close-up to -24 upper f l ap 
at l ow key . 

Set to manual 1 0\ and proceed as  pl anned . 
I f  "MANUAL" mode inoperat ive - switch to 
"EMER" po s it ion and set to above value . 

Proceed as planned using bac kup ang l e  
o f  attack gage . KRA ''MANUAL" 1 0\ ,  
st ick shaker off . 

F l y  two Chamber pro fi l e ,  use 200 KTS 
inst ead of  1 5° a .  To rotate fl y 1 . 0 g 
to 230 KCAS then fl y 1 . 2 g to 200 KCAS . 
(KRA Manual 1 0\ ,  st ick shaker off) 

Proceed as pl anned us ing a ,  e and t ime 
for profi le  control . 

Proc eed as pl anned using backup att itude 
ind icator . 



Failure 

1 3 .  Rudder Bias "AUTO" 
failure 

1 4 . Upper fl aps fai l  to 
c lose 

1 5 . Ail eron Bias "Normal "  
fai l ure 

1 6 .  Premature Eng ine Shutdown 

0 - 20 Sec RW 02 Rosamond 
2 0  - 40 Sec RW 20 Rosamond 
40  - 7 2  Sec RW 36 Rogers 

Ac tion 

Switch to "MANUAL" mod e and toe- in to 
- 1 0° . If ''MANUAL" fa il s proc eed with 
6A8 PO -PU and then c l ose-up to - 24° 
upper fl ap . 

Cyc l e  emergency flap switch to c l ose
up to -20° upper flaps . I f  emergency 
flap switch fai l s ,  move 6A8 to l l

0
and 

Land on RW 2 3 . 

Switch to "Backup" and move the ail eron 
bias to 7° . I f  "Backup" fai l s , pul l 
the C/B ' i .  I f  the ail eron bias is  
stuck at  l ess  �han 7° proceed as planned , 
if  the ail eron b ias i s  greater than 7° 
close-up to - 24° upper fl aps . 

72  - 82  Sec RW 1 8  (RHP) Rogers 
82 - up Sec RW 1 8  (LHP) Rogers 

ROBERT G .  HOEY 
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X- 2 4 B  DERIVAT IVES 

Alex G .  S im 

On f l i ght 1 2 , four s e t s  o f  l a t e r a l - d i r e c t i o n a l  and one 
set of l on g i tud i n a l  deriva t i ve s  were obt a i ne d . 

O f  p a r t i c u l a r  i n t e re s t  we re three o f  the l at e r a l - d i re c tional 
s e t s  whi ch we re obtained at Mach numb e rs b e twe e n  1 . 0 7 and 1 . 1 7 
wi th an ang le o f  a ttack range b e twe en 5 . 2 °  and 6 . 7 ° .  The s e  
three s e t s  tend to furthe r iden t i fy the l atera l - d i re c t i o n a l  
characte r i s t i c s  i n  t h e  low ang le o f  attack - - - l ow s up e r s o n i c  
f l i ght reg ime a n d  thus approach the t ime when f l i gh t s  c a n  
be rout i n e l y  conducted in thi s are a . The s e  d a t a  are s hown 
in f i gure 1 .  

The o ther l a t e r a l - d i re c t ional s e t  o f  derivat ive s was 
obtained near a Mach numb e r  of 0 . 8 wi th an ang l e  of attack 
of 7 . 7 ° . The s e  data f i l l  a gap in the previ o u s l y  o b t a i n e d  
r e s u l t s . 

The one l o n g i tudin a l  s e t  o f  derivative s  was o b t a i ne d  a t  
a Mach number o f  1 . 0 3 and an ang l e  o f  attack o f  9 . 7 ° .  I t  
wa s the f i r s t  s up e r s o n i c  long i tud i n a l  data ob tai ned a n d  i s  
s hown i n  f igure 2 .  O f  s i gn i f i c ance are the good l e ve l  o f  
longitud i n a l  s t ab i l i ty ,  cont rol e f fe c t ivene s s  and d amp i n g . 
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Technical Debr i efing for X -24 B 
F l ight B - 1 2 - 2 3  

1 4  June 1 974 

P i lot : Maj or Love 

1 .  D iscuss the eng ine  l ight sequence and any associated trim chang es . 

Answer : 

I ' ve been thinking about trim changes aft er l aunch in r e l at ion to the 
s imul ator . I find that when you trim the simul ator up and l aunch , that it 
hesitates when coming up to 1 0° 

- - in fact you almost feel l i ke you need 
to pul l i t  up to 1 0

°
. I find that , at l east in t ime per iod between 

hitting the l aunch switch and h i t t ing 1 and 3 chambers switches in the 
A/P ,  the A/ P is  al ready at 10 or 1 1 ° a l pha . I t  comes up and fl ies  i t sel f 
without any effort on the p i l ots part so that the eng ine l ight sequence 
can be done without rea l l y  paying any attent ion to a .  I think I got 
probably  two or three cal l s  to watch my a today , i t  seemed l i ke that , 
and each t ime I ' d l ook up it  would be okay , the airp l ane  was j ust  doing 
it  itsel f .  The l ight sequenc e was normal with 1 and 3 on , 2 and 4 with 
# 2 coming a l itt l e  l at e  and no pitch trim changes  as  the chambers come 
on l ine . 

2 .  D i scuss the handl ing qua l ities  dur ing the rotat ion , Rate p itch , and 
lateral d irect ional . 

Answer : 

I ' l l  d i scuss thi s again in rel at ion to the s imul ator . I n  the s imul ator I 
said that the pitch task is  an easy task -to come up to 1 5° and to trim to 
1 5° . I ' d rate the A/ P as  being as  easy exc e�t that the response of the a 
need l e  i s  d ifferent than in s imulator plus the out s ide cues you g et from 
the rotat ion make me t end to rotate a l it t l e  more shal l ow than I do in the 
s imul ator and I find it  more d i fficult  to trim exact l y  to the aim a .  
However , I st i l l  feel that this  has nothing to do with the A/ P ,  per s e , and 
its  hand l ing qua l i t i es , I think it ' s  j us t  something I have to overcome 
with more exper ience in doing that maneuver . I ' d rate pitch in the A/ P a 
3 and l ateral -d irect ional the same and I would rate the s imul ator as  being 
worse than the A/ P because with the 1 ° of  need l e  l eft beta in the A/ P it 
fl ies pretty much with no requirement for l at eral s t ic k  trim . 

3 .  (a) Discuss the task to maintain 37° e and rate . 

Answer : 

I 've  been thinking about thi s  again and I 've  said the s imul ator was eas i er 
to hold 1 5  a than it  was 376  and I felt that one of  the reasons was the 
d ifference in the scal ing of  the two indicator s . One degree change in a 
is  a b igger increment on that indicator than it i s  on the e bug ind icator 
so in the s imul ator I always found that hol d ing al pha was eas i er than 
hold ing 6 .  In the A/ P today I got j ust the oppos i t e  impression al though 
I d id drog down to 36° probab ly more than I wanted to , I did find that 
holding 37  6 was an easy task and I ' d rate  it as a 3 a l so . Now when you 
rate something as a 3 you say it has some mildly  unpl easant defic ienc i es 
and I go back saying that you have to gain some experience at do ing that 
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rotat ion and c l imbing on c at ang l e  and I woul d say thats what � bugg ing 
me , It ' s  j ust s imp l y  the feel ing of cl imb ing there and perhaps after some 
more exper ience I ' l l  have a better rat ing . 

3 .  (b) How d id a to maintain e compare with the s imul ator? 

Answer : 

I t  was low at about the t ime John asked me to check my a I woul d  have had 
at l east 1 3  in the  s imul ator , this  was around 60 seconds eng ine burn , I 
had 1 1  in the A/ P or there abouts not over 1 1  1 / 2

°
. 

4 .  D i scuss the hand l ing qual i t i es above . 8 5  Mach number with power on . Rat e . 

Answer : 

My pitch task above . 8 5  Mach number was to hol d  1 0° a ,  init ial l y .  I 
gues s i t s  best to d i scuss  this  between . 8 5  to . 95 . . .  or unt i l  1 . 05 l et ' s  
say � d iscuss the per iod o f  1 0° a .  The p itch task was eas i er than the 
s imul ator . The p i tch trim change in the transonic area was not as marked 
in the A/ P ,  to me , as it was in the s imul ator . I ' d rat e p itch at a 2 .  
The l at eral rol l  task at the same t ime was eas i er than the s imul ator . In  
the s imul ator as you rotat e to  1 5° , and the ind icated airspeed goes down , 
you find yoursel f trimming more and more to  the r i ght with the as soc iated 
unnatural feel ing o f  the stick  mov ing to the r ight and the a i l eron pos it ion 
staying the same b ecause o f  the SAS washout and the way that the s imul ator 
i s  mechan i z ed . In  the A/P I d idn ' t  have to trim to  the r ight at 1 5° . In 
the s imul ator as you go from 1 5

° 
to  1 0

°
, in t h i s  area we ' re t a l k ing about , 

then you start having to take some o f  that right trim out , so in preparing 
for thi s fl ight the biggest thing I had to l earn how to do was to push to  
an  aim a and then trim out the  rol l  o ff in the s imulator that wasn ' t  
apparent in the A/ P .  I ' d rate the l at eral axis  a s  a 2 because i t  d i dn ' t  
take any effort t o  hol d  wings l evel . The d irect ional axi s  at . 8 5  was 
s i t t ing there at 1

° 
l eft b eta - somewhere around . 9  to . 95 I cou l d  fee l  

airframe v ibrat ion s im i l ar t o  go ing . 9 Mac k  i n  a F -4 - i t ' s  not a buffet 
and it ' s  not a buz z ing , i t s  j ust that the thing is v ibrat ing and the 
s l idesl ip i s  moving from 1

° 
l eft out to at l east two and then moving back 

in by about somewher�bove . 95 ind icat ed - somewhere around the Mach j ump . 
However , the A/ P wasn ' t  do ing anything a s  far as  the task , you ' re j ust 
s itt ing there and fl ying straight ahead . I ' d st i l l  have to  r�te i t  as  
pretty good - at a 3 l at eral -d irect iona l l y ,  even though beta goes out . 

5 .  (a) D i scus s the handl ing qual i t i e s  above 1 . 0 Mach number with power 
on . Rat e . 

Answer : 

As I moved from 1 0° a to 7° at 1 . 0 5 ,  I turned the overdrive o ff . F irst o f  
a l l  I d idn ' t  not i c e  any chang e i n  the A/ P with the overdrive go ing on . I 
found that I cou l d  go r ight to 7° and that I d idn ' t  have near the p i t ch 
trim task to maintain 7

° 
that I do in the s imul ator and the total task , 

which was the hardest task in the s imul ator , o f  trimming out the l a t eral . . .  
or trimming up the latera l axis , was non -ex i s t ent . So pitch and l a t eral 
axi s , in  trimm ing to 7 a and preparing for tho s e  doub l et s ,  I ' d rat e as  a 

2 



2 .  D i rect i onal ax is - I 'd hav e to rate the same becau se  nothing wa s occur 
ring at that t ime and I found that beta was r ight back in there at 1

° 
or 

l ess  to the l eft , maybe i t  was 0° , I don ' t  remember . So I ' d j ust rat e r igh 
across the board at 7 a with power on a 2 .  

5 .  (b) Compare the vehic l e ' s  response  to the Mach 1 . 2 0  doub l et s  (power 
on) at 7

° a with the s imul ator . 

Answer : 

I fel t  that the control effect iveness was the same . I fel t the beta need l e  
moved about the same and I don ' t  th ink that there ' s  a who l e  l ot o f  rudder 
effectiveness in that area . It  woul d  b e  kind o f  int erest ing to see what 
would be l eft at Mach 2 .  

6 .  (a) D iscuss the performance aspects o f  the boost . 

Answer : 

As far as I was concerned a l l  I knew was that it  was going up and I had 
l ow ang l e  of attack and that as John said , we ' d  probably c l imb a l it t l e  
faster . I wasn ' t  too much aware that I had shutdown at 1 . 06 vs  1 . 1 2 , so 
I real l y  d idn ' t  know much about it . From ins ide the airp l ane  i t  d idn ' t  
l ook l ike that much d ifferent - i t  looks a l ot d ifferent on the map . 

6 .  (b) Di scuss the trim changes at eng ine shutdown . 

Answer : 

I fel t  no pitch trim , rol l  or yaw trim changes . The b iggest thing that I 
noted was the decel erat ion in the X -axi s . In fact , the s imul ator shows 
about a 1° of a trim change . Now I don ' t  think I saw that in the A/ P .  My 
t echnique in the s imul ator had been to trim to 7

° 
with power on for the 

rudder doubl et and by the trim I ' d done that the a wil l be at s ix - I ' d trim 
back to  7

° , do the a i l eron doubl et , by the t ime I ' d done that and hit the 
eng ine master switch it  would be back at s i x . As soon as  the eng ine master 
switch was off , t he s imul ator goes from 6° to 7

° 
or about a 1

° 
r i s e  - the 

A/P didn ' t  do that . 

6 .  (c) I f  not previou s l y  covered , d i scuss the rol l  task dur ing the boost 
with respect to two hands , rol l  trim , resul t ing s ides l ip ,  compare 
to s imul ator . 

Answer : 

Was covered previousl y .  

7 .  Compare the vehic l e ' s  response  t o  the doub l et s  at 7° a (M
t

= l . 2 ) after 
eng ine Shutdown with the "power on" doub l et s . Compare to simul ator and 
rate the handl ing qual it ies i f  pos s ibl e .  

Answer : 

I think the vehicl e ' s  response  before and after at 1 . 2 0  was the same and , 
as  far as I 'm concerned , it l ooked l ike the s imul ator . I w i l l  have to 
admit that things are mov ing pretty fast at that t ime and its  j ust a l i tt l e  
hazy for me , but nothing hit m e  as  being "now thats rea l l y  d i fferent " and 
so it must have l ooked pretty much the same . I rate the hand l ing qual it i es 
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at a 3 and t ha t s  becau s e  I 'm hav ing a l it t l e  troubl e being real con f i d ent 
that I wa s i n s i d e  my p l us or minus a ha l f  degree of a at 7 a pitch pu l s e 
part ic u l arl y .  � fter I see the data and its  right on 7 I ' d feel a l i tt l e  
more c on f i d ent , but thing s were mov ing s o  fast a t  that t ime . . .  t h e  th ing 
that was both ering me was that I coul dn ' t  put it  right on there - I know 
the a gauge is  mov ing around a b i t . 

8 .  D i scus s the doub l et s  at S
0 a (M

t
= l . l )  a fter eng ine  shutdown . I f  pos sib l e  

rate the handl ing qua l it ies . 

Answer : 

Initia l ly had troub l e  trimming to S0 a whereas compar ing this  to  the 
s imul ator , probab l y  the eas i est task in the s imul ator the who l e  fl ight is 
tr imming to 5

° 
a .  I don ' t  know exac t l y  why , but fina l l y  when I d id get the 

no se down far enough I was ab l e  to hit a good sol id 5 ,  g et rudder and 
a i l eron doub l et s  that l ooked very much l ike  the s imul ator and then come 
back up and get the 1 0  a pitch pu l s e .  I would rat e the handl ing qual i t i es 
there as the same i t s  very nice A/ P and a 2 . . .  , coul dn ' t  compl ain about a 
thing . 

9 .  D i scuss the pitch pul ses at l . OS Mach number at 1 0° a with respect 
to the vehic l e  response to pul s e  as  compared to  s imul ator . 

Answer : 

First I ' d l ike to t a l k  about trimming to 1 0  a .  The s imul ator i s  easy to 
t rim to  l Oa and so was the A/P .  I t ' s  v ery nice to  b e  ab l e  to trim up and 
hit  an a the way the  A/P w i l l do it . The p itch pul ses  I t r i ed to make the 
same as the simul ator except near the second one I was a l it t l e  mor e  v igorous 
with it and I got  probab ly a degree more on the first one and two d egrees 
more response  on the  second one . I ' d say the second one I got a lmost a 
S0 a change ,  but the movement o f  the need l e  and the recovery to  1 0  was l ike  
the  s imul ator . I d id not  have to pul l the nose back up  to 10  a .  So  
chang ing to four on the  p itch gain s eemed to  work very wel l . 

1 0 .  D i scus s the flying qual i t i e s  whil e  decel erat ing from Mach 1 . 0 to 
. 85 at 1 2° a .  

Answer : 

Aft er the pitch pu l se I went to 1 2  a and I st i l l  had about 1 . 1 .  I was 
abl e  to t e l l John I think that I had 1 . 08 and it d idn ' t  seem to d ecel erate 
too fast . I got the Mach j ump - about that t ime John asked me for a 
head ing change .  I mad e  the heading change aft er real l y  not ing that beta 
wasn ' t  do ing a thing - it was  s it t ing there at 1

° 
l eft , i t  was very dul l 

in comparison to what it  was suppo se  to be , so I j ust turned l eft - it was 
easy to turn l eft , beta d idn ' t  move around and there ' s  not much to say about 
it . It was a very r e l axed t ime . I got the yaw damper off at . 8 5  and trimed 
over to 8 a and got the 8 a doub l et set at . 8 .  I ' d rat e it at a 3 - to make 
the S

0 
heading chang e and the 3 is  a resu l t  of pos s ib l y  not quite  the ro l l  

response I ' d l ike  in mov ing i t  over . Maybe that ' s  because  the dampers 
were st il l up h igh . 
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1 1 .  Di scuss the doub l et s et at . 8  Mach number at 8° a .  Compare to the 
simul ator . 

Answer : 

This was the second eas iest th ing to do on the s imul ator - second to the 
5° a doubl ets . I t  takes j ust a l it t l e  bit o f  t iming to go from 1 2° to 1 0o 

to 8
° 

and have it at . 8  but it was easy to do on the simu lator and I fel t 
that it was j ust as easy in the A/ P - that ' s  the pitch task o f  hitt ing 8

° a 
at . 8  Mach . In the simul ator I was giv ing good hea lthy rudder doub l et s  to 
it and I was gett ing about 3

° 
of beta change and at l east four or f iv e  

overshoots then I would wa it and do the ail eron doub l et . I e ither put in 
a l ot more rudder or the rudder is  more effect ive because I pegged beta 
ind icat ions in the cockpit on both sides and it didn ' t  whip back and forth 
at the same frequency as the s imulator - it was s l ower . The a i l eron doub l et 
did show some respon s e ,  got a l it t l e  ro l l  with the a i l eron doub l et , I 
thought , and I could see some yaw and I fel t  that I saw more respons e  from 
the ail eron doub l et than you get in the s imul ator , but part o f  that pos s ib l y 
comes from the fact that the A/P i s  a moving base whereas the s imul ator 
j ust sits  there . 
(Was the l arge beta o sc i l lat ion an uncomfortab l e  maneuver ? )  
The A/P wasn ' t  uncomfortab l e  there because I trust t h e  A/ P there  - I did 
get some s ide forc es that I could feel in the cockpit but i t  wasn ' t  
uncomfortabl e .  

1 2 .  D i scuss handl ing qual it i es with the Yaw damper at "zero gain" . Rat e . 

Answer : 

Thi s  i s  not going to b e  pos s ibl e ,  I don ' t  think , because at that t ime I got 
too busy going ' Prop Supp l y -off , Jettison ' and trimm ing to 1 3  a to take 
care of being a l itt l e  low on profi l e .  I ' d hoped to  do a coup l e  of a i l eron 
back and forth movement s and watch how much b eta movement I got and I j ust 
didn ' t  get i t  don e .  I d idn ' t  do a direct ional task during that t ime and 
from what I d id do , j ust fl ying the A/ P go ing ' Prop Suppl y  and Jet t i son ' ,  
it  was no probl em and I ' d have to rat e it a two without real l y  do ing a 
d irect ional tas k . 

1 3 .  Comment on the pushover -pu l l up maneuver us ing the a i l eron b ias . 

Answer : 

That ' s  a very easy thing to do . I got ' Stop Jet t ison , Tanks in Bl eed ' and 
trimmed to 1 1

° 
with a c lo s e  up from 30 and , inc idental l y ,  that c l o s e  up l ooked 

j ust l ike the s imul ator - l itt l e . b i t  o f  fight as a drops down and then t r im 
it back to 1 1

°
. Right at the int ersect ion I j ust pushed on the s t ic k  very 

mechanica l l y  to maintain some bank and moved the switch and the A/ P goes 
right over to the same  a a s  the s imul ator , somewhere a l ong 5° , and r ight 
back up to 1 3

°
. One of the thing s I would say happened as it  went to five 

is that it seemed to rol l  out a l itt l e  b i t  of bank for some reason . Any -
way , that

·
s the on l y  t hing that seemed a l it t l e  d i fferent in the A/ P then 

I saw in the simul ator - it rol l ed out to about 1 5° o f  bank down at 5° a 0 
and then I put some more pres sure on for bank and went up to 1 3  a .  In  the 
s imul ator you can see that as the a goes up it start s to turn the A/ P ,  but 
it doesn ' t  change the bank the way bank changed for me today and I don ' t  
know whether i t  was the A/ P or j ust not put t ing enough pres sure on the stick 
to hold the bank . Other than that minor po int it l ooked j ust  l ike the 
s imul ator . 

s 



1 4 . D iscuss the energy manag ement from the " I ntersect ion to l ow key" . 

An swer : 

I think we were back up on profi l e  at the end of  the PO -PU . I think that 
there i s  something we should l ook at here . From my experi ence in pract ic ing 
for t h i s  fl i ght , I 'm not sur e the s imul ator woul d  have fl own back up to 
profi l e  the way the A/ P d id and have the same amount of airspeed . As I was 
negot iat ing thi s port i on of the profi l e  I cal l ed to Dana that I had 24 0 .  
I c l os ed up and without increas ing a a who l e  lot  I st i l l  kept 24 0 and we 
came right up to pro fi l e .  Now the s imul ator woul d  come back to pro f i l e  but 
it  woul d bl eed off a irspeed to do i t . What I 'm trying to say is that you 
may see a d i fference in sumul ator performanc e and A/ P performance here with 
power off that mi gltt have some bearing on the d i fferenc e with power on . 
We pos s i b l y  should get at the same Hach number and a l t itudes and try to 
fl y back to the profi l e  the same way to match it and s ee i f  the s imul ator 
w i l l  do it . Other than that the energy management into l ow key was nominal . 

1 5 .  D i scuss the patt ern . 

Answer : 

I c l o s ed up , hel d around 1 0
° a and around 250  and then started a turn at 

l ow key - whi ch makes it  a pr etty high energy patt ern . I lowered the nos e  
a l itt l e  b it and start ed a turn coming around Pet ers en Lake - B i l l  cal l ed 
me at 290 and I confirmed 290 and I fel t  that rather than use  al l the a ir 
speed for L/D contro l , I ' d put out the boards which brought my airspeed 
down a l itt l e  b i t  and a l lowed me to come out to where I fel t would have 
been 9000 feet and 300 kts . The one thing that I not iced there as I was 
trying hard to get c losed up so I d idn ' t  g et my a im point back and my aim 
point remainded at the first dashed l ine  on 1 8 , was that the g l ide ang l e  
seemed shal low and , a s  I said before , I fel t that this  may have been from 
the wind . 

1 6 .  D i scuss the l anding and rol l  out . 

Answer : 

The aim point stayed constant , at my best evaul at ion , on that first dotted 
l ine with a pretty standard in i t i a l  f l are to break the rate of  descent then 
coming to about 1 00 feet with roughl y 255  and wait ing j ust  to around 50 ft 
and 240 to get the g ear . Aga in I fel t  a l it t l e  bit o f  gear tran s i ent today 
and was j ust · aware that , ' There ' s  a gear tran s i ent , today ' ,  and a l it t l e  
pitch down and m e  pul l ing bac k t o  take over on in . Down to under 2 0  ft and 
I would say down to the area of 5 ft - I wasn ' t  gett ing cal l s  at the t ime 
I got a l itt l e  bal l oon , 2 - 3 ft and rel axed and back on to the ground . I 
wasn ' t  aware of  b e ing in the cross  over or aware of  l arg e st ick movements 
to control the A/ P I j ust  fel t l ike I h i t  a l it t l e  gust with a l ot of  air 
speed , 1 8 0  - 1 90 kts  at the t ime , and thats a lot  of  airspeed in the AlP 
you could pul l  i t  up considerabl y  at the t ime . I rel axed and got a touch 
down - r ight main , l eft main . The nos e  d i d  stay up as l ong as  the l ast 
f l i ght but I ' d say it was longer than the other fl ight s I ' d seen and then 
down again to say 30% from ful l  down to the ground and then i t  real l y  gets 
with it  for the last 2 to  3 feet - or 2 ft or what ever that d i stance i s . 

6 



Ro l l  out to me was a ro l l  out done in a cro s s  w ind . I got ' No s ewheel 
Steer ing - atm ' .  and engaged t h e  nose gear steering we l l  abo v e  a 1 0 0 k t r 
b ecau s e  I ' d b e en s i t t i ng  t here w i t h  r ight rudd er i n  and l oo k ed a t  1 1 0 and 
thought to mys el f " I  won ' t  brake  because I don ' t  want to s k in the t i r e s " . 
I became aware t ha t  I was hol d ing r ight a i l eron in - j ust a natura l reac t ion 
to h e l p st eer the t h ing and I had to hold  steering in - I ' d feel a l most 
ha l f  rudder defl ect ion . I t  would be something to look at on the traces and 
sec j us t  how much rudd er defl ect ion I had in to stay on the runway . I 
l and ed as u sua l to the r ight of the dash l ine and drifted over on t o  t h e  
dash l ine and then made a conc ert ed effort t o  stop that and go t i t  back 
over to the r ight of  the dash l ine  out there , so I had some contro l task 
during the ro l l  out today . F inal ly below about 60 kt s or so I u s ed a 
l i t t l e  bra k e s  and be l ow about 20  lets I j u s t  d idn ' t  pay any att ent ion any 
more - It ro l l ed out stra ight as I start ed cl eaning up the cockp i t  and it 
rol l ed to a stop . 
(Di scuss the Aircraft v ibration noted at . 8  m and 1 3° a) . 
At . 8  Mach fo l l owing the 8 a doub l et when I pul l ed up to 1 3

° a ,  I was aware 
of an aircra ft v ibrat ion t hat felt  very s im i l ar to the v ibrat ion I felt at 
. 92 to . 95 Mach numbers . I t  triggered my awarenes s ,  I fel t t hat there was 
something going on back at the rudders and I thought to mys e l f , '  wel l 
that ' s  not buffet but thats  something ' .  Something or some v ibrat ion in 
the A/ P a s soc iated with  airflow over it and as  soon as  I rel axed a ,  Mach 
bl ed off , and it  went away - it  d idn ' t  l ast very long . I d id r e l ax a 
during that t ime and I had been doing that in the s imul ator too so that the 
airspeed d idn ' t  go below 200 kt s .  In  the c l ose up I had . 56 Mach so I had 
b l ed off the  Mac h pretty good during tha! time - it was during the init ial 
pul l -up , r ight aft er that doub l et that I fel t  i t . 

I 
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Aft Body Tuf t Analys is - Fl i gh t  12 

BY 

Cap tain John L .  S tuart 

The camera moun ted a top the l e f t  vertical fin was aimed s o  as to pho to
graph th e tuf ts on the a f t  body of th e veh i c l e .  An unusual phenomenon was 
dis covered during analys i s  of the Flight 12 f ilm. I t  was no ted tha t all 
the tuf ts exc ep t one a c ted as expec ted w i th no unusual p a t terns or changes 
in pat terns . The mos t  a f t  tuf t ,  located on the f o rwa rd c rown hatch j us t  
forward o f  fuselage s ta t ion 18 0 b e tween pressure taps 23 5 and 18 4 ( s ee 
f i gure 1) , a l terna ted b e tween a very s t eady , almos t mo t ionles s , cond i t i on 
and an extremel y os cilla tory cond i t ion . Th e trans i t ions b e tween s tea dy and 
oscillatory cond i t ions were vir tually ins tan taneous . 

The tuf t was s t eady from launch , through engine l i gh t ,  and un t i l  the 
Ma ch numb er exceeded 0 . 8 3 during the ro ta tion when the mo t ion b ecame o s c il
latory . As the ro t a t ion cont inued and the Mach numb e r  dec reas ed th rough 0 . 8 2  
the tu f t  b e came s teady . O s c i l l a t ion s tarted again above 0 . 8 4  Mach and 
cont inued un til shortly a f t e r  engine shu tdown when the o c i ll a t ions s topped . 
None of th e o ther tu f ts showed a corresponding change in mo t ion. 

I t  was pos tulated tha t  th is change in flow p a t tern can b e  a t t r ib u t ed to 
the generat ion of a vo r tex or the forma tion of a local shock wave in this 
area . To facil i ta t e  further analys i s  of thi s  phenomeno n ,  it i s  sugges ted 
that addit ional tuf t s  b e  added to the area a f t  o f  the tuf t  in ques t ion , and 
tha t the camera be realigned or the lens b e  changed to enab l e  pho to graphy o f  
this area . A detai led s tudy o f  the surface pressur es in t h i s  a rea i s  
sugges ted when pressure survey conf igura t ion I I  i s  employed ( ten t a t ively 
s ch edul ed for f l i gh t  15) . 



(;:) . 
-

I 

' f-., I I l+�� 
l>l 
I < �  

x - 2 Lf B  

� �  
I 

FIG URE 1 ,  
FL I G J..I T5 

PL 1\ N FOf t1  

I� 
I 

I : <;:) ti I �  
I 
j 
j . · . , , 
I 
't · ' " 

JO · Tii R U  ll 

I 
- �  .� 

't'oj I I I 
I 
l 
I 

fi'. ' I .  1 . . 



X-24B Aileron Deadband 
By 

Cap tain John L .  S tuar t 

As no t ed in the Flight Report for F l igh t B- 10- 2 1 , a s igni f icant 
loss of mot ion was detec ted in the left aileron , and it wa s thought 
to be t emperature dependent and caused by liquid oxygen flowing from 
the LOX vent line during topoff . I t  wa s concluded that the relocat ion 
and insulat ion of the aileron actuator hyd raulic lines and components 
prior to Flight 10 had reduced the losses t o  an acceptable level . 

During F light 11 , t he aileron control sys t em insturmentat ion 
ind i ca t ed that t here was a sub s tant ial l o s s  of mo t ion b e tween t he 
Aileron Pre load Sp ring and t he Aileron Actuator Cont r o l  Rod , but 
that there was no corresponding los s  o f  mo t ion of the aileron i t self . 
This was t hought to be vir tually impos s ible , so another explana t ion 
was sough t .  

A c omparison o f  the aileron compar tment t emperature t ime his tories 
for Flights 10 and 11 showed that the c ompartment t emperatures were 
s ignif icantly lower for a longer period of t ime during the prelaunch 
activi t ie s  on Flight 11 t han on F light 10 . I t  was proposed that t he 
ins t rumentat ion i t self was in error because the CPT ' s  are only accurate 
above 50 degrees F .  Io inhib it cooling of the CPT ' s ,  a t hin insu la t ing 
b lock was p laced be tween the CPT and the aileron compartment s t ru c ture . 
Each CPT was also wrapped in an insulat ing blanket .  

The LOX topoff pro cedure was mod ified t o  redu c e  t he quan t i t y  o f  
LOX which vents overboard . T h e  rat e  o f  f low o f  liquid oxygen f rom 
the mo thership during topoff wa s reduc ed ; af ter it was conf irmed that 
the LOX was f lowing f rom the LOX vent line (via LOX vent temp measurement )  
topo f f  was suspended unt i l  approxima t ely 8 minu t e s  before launch . F igures 
1 through 4 show the aileron compar tmen t temperature t ime his tories 
for Flights 1 0  through 1 3 , respe c t ivel y .  I t  is evid ent tha t  this pro
cedure pas produc ed s igni f ican t ly higher a i leron c ompar tment temperatures . 

Telemetry data from Fligh t s  12 and 13 indicates t ha t  t he a ileron 
d eadband and the pos sible ins t rument a t ion errors have been e limina t ed . 
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X- 2413 OPERC...TIONS FLIGHT RE : '  '"'\'::' 

FL IGHT : ______ �B_-&12�-�2�3�--------------

FI LOT : ___ �M�a�i�·-L�ov�e ________________ __ 

r..;fl.RRIER AIRCRAFT : B-5 2  11008 --������--------

DATE ,yr-· l<i�_�-VYi:- : ___ __,8c:..�./....:2:..!./_!.7_4,__ ____ _ 

DATE OF fLIGHT : __ ---""6/'-'1"-4'-'-/-'-7--'-4 __ _ 

LAUNCH IJ.KE :_-"R�o�g�e�r�s�L�a�k�e�b�e�d�----
PURPOSE OF FLIGHT : (1) Envelope Expansion to 1 . 25 Mach Number 

(2) Stability and Control at Mach number > 1 . 0  

(3) Fin, Rudder and Flap Pressure Survey 

(4) Boundary layer noise and vibrat ion experiment (RED PLUG ) 

I .  Discuss ion of Previous Operations 

Fai lure of the # 1  65  psi igniter chamber p ressure switch resulted in no 
operat ion of the # 1  chamber dur ing flight B-1 1-22 . 

All oth er sys t ems worked properly . 

I I . Vehicle Configurat ion Changes 

A .  The invertor t ransfer sys t em which provides automa t ic switchover of 
the essential 115 vo lt A/ C .  buss t o  one leg of t he attitude invert or 
if the primary invertor fails was mod if ied t o  provide pilot manual 
con t ro l . 

The new sys t em utiliz es a three posit ion swit ch with Aut o ,  Primary 
& Backup pos i tions . 

1 .  In the auto posit ion the sys t em is unchanged . 

2 .  In the prim .  posi tion the voltage sensor is deac t ivated and the 
primary invertor is locked in to the bus s .  

3 .  In the backup posit ion the voltage sensor is bypassed and the 
a t t i t ude invertor is locked in to the buss . 

B .  The CPT ' s  previous ly installed t o  monitor the ai leron control l inkages 
were insulated t o  eliminate suspect ed chilling prob lems . 

I I I . Ins trumentat ion Changes 

A .  Installed two addit ional pressure transducer b oxes , a signal cond it ion
ing box , and a sub-com into sys t em 2 to add 7 9 more body pressure top 
measuremen t s .  

B .  Add ed parallel recording o f  # 1  bat t ery voltage . Ref . Fl ight Repor t 
B- 1 1- 2 2  i t em v-c . 

B-12-23 
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I V .  Pref light Events 

A .  The engine was removed and sent t o  the PSTS t o  resolve and repair 
the cause of #1 chamber malfunction . 

Ref . Memo from W . B .  Arnold dated 6 / 5 / 74 , attached . 

B .  Mr . Arnold sugges t ed that an increase in the helium purge flowrate 
could help al leviate the moisture prob lem . He was d irected to per
form tests on the PSTS to evaluate engine operation with 10 , 000 cc /min 
flowrate vs . the present 5 , 000 cc /min orifices . 

C .  The # 2  igniter spark p lug failed t o  fire during the preflight ground 
engine run . Upon examination the elect rode was found to have broken 
off . The igniter was removed to insure t hat no damage had been 
incurred . The igniter was not damaged and was replaced . 

The spark p lug was replaced and the engine operated sat isfactorily . 
The other t hree p lugs were rep laced prior t o  f light . 

D .  The left hand main gear oleo strut was disas sembled and all seals 
rep laced to eliminate oil leakage . 

V .  Flight Events 

A .  Preflight servicing proceeded normally unt il  the primary radio in the 
B-5 2 failed during communicat ion checks . The radio was rep laced with 
no delay . 

B .  All systems work normally during the flight . 

C .  The vehicle was in good shape after landing . 

Approved by :/1£D � w;?a. . 
Wi lliam A>. Albrecht 
Chief , Operat ions 
Engineer ing Branch 

Wr it ten 
Norman E .  DeMar 
X-2 4B Proj ec t Engineer 
Operat ions Engineer ing Branch 
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Jun e 5 ,  1 9 74 

TO : DOE ER 

FRO� : W . B .  Arno l d  - TH IOKOL 

SUBJECT : Propu l s i o n  Sys t em Oper a t io n  F l i gh t  B - 1 1 - 2 2  

S UM�ARY O F  ENG INE OPERAT ION 

1 .  Th e pre l a u n c h  i gn i t er t e s t  w a s  e l im i n a t e d  for th i s  f l i gh t . 

2 .  The pos t l a unch a t t em pt t o  s t a r t  chambers # la nd #3 r esul t ed 
i n  a s a t i s f a c t or y  s t a r t  o f  chamber #3 a n d  i g n i t er o pera t io n  
o n l y  i n  ch amber # 1 . 

3 .  Th e # 1  f i r e  s w i t c h  was d e a c t u a t ed a nd chambers #2 a nd #4 
were s t a r t ed s a t i s fa c t or i l ly . 

4 .  A s eco nd a t t em p t  t o  s t a r t  chamber # 1  a g a i n  r esu l t ed i n  
i g n i t er o per a t i o n  o n l y . 

5 .  The e n g i n e  was p l a ced i n  o v er d r i v e  ( h i gh Pc ) a pproxima t e l y  
3 0  s e c o n d s  a ft er chamber #3 h a d  s t a b i l iz e d . 

6 .  Dur i ng ·  t h e  ·a:avanc e · ·to· the- ·overd r i ve cond i t io n  t h e  f u e l  
ma n i fo ld a n d  chamber - pr essures r e s po n d e d  a s  pr ed i c t e d . Th e 
lox m a n i f o l d  pr essure e n t er e d  a n  excurs i o n  c y c l e  0 . 3  seconds 
a f t er t h e  a d v a n c e  was s t a r t ed . Th is excur s i o n  rea ched a low 
po i nt o f  2 9 9  ps i a nd d i d  not s t a b i l i ze a g a i n  for 9 . 0 s ec . 

7 .  Fue l  a nd lox t a nk pressures wer e lower t h a n  on prev ious 
f l i gh t s  but were we l l  w i t h i n  oper a t i n g  l im i t s . 

8 .  E n g i n e  shu tdown wa s caused by l i qu id oxygen exhaus t io n  a f t er 
a pprox ima t e l y  1 5 5  s econds o f  e n g i n e  run t ime . 

D I SCUSS ION 

The e n g i n e  w a s  r emoved from the a ir cr a f t  a nd r e t u r ned to the 
m a i nt en a n c e  s h o p  for i nves t i ga t i o n  of the f a i lur e o f  t he # l  ch amber 
to s t ar t . F i n a l  F l i gh t  d a t a  was not a v a i la b l e  for a na l ys i s  so it 
was a s sum ed t ha t  the 6 5# chamber pressure swi tch wa s d e fe c t i ve . I t  
wa s SUSJ2ected th a t  the switch a c tu a t ing p i s t o n  "0" r i ng h a d  lost 
s ea l i n g  a b i l i t y  s im il a r  to f a i lures e xper i enced i n  the pa s t . The # 1  
6 5# chamber pressure sw i t ch w a s  r emoved from t h e  con t r o l  box a nd cold 
soaked a t  0°F for 20 m i n u t e s . The a c tua t ion pressure was d e t erm ined t o  
be 1 0 9  ps i a  a nd n o  v e n t  por t l e a k a g e  w a s  d et e c ted wh i c h  i nd i ca t ed 
t h a t t h e  p i s t o n  s ea l w a s  s a t i s f a c tor y . The s w i t c h  wa s d is a s s embl e d  
a n d  a cons i d er a b le amoun t  o f  mo i s t u r e  was fou nd i n  t h e  p i s t on area . 
This mo i s tu r e  w h e n  frozen can cha n ge the a ctua t io n  pr essur e . 



Pa g e  2 
FLIGHT B - 1 1 -2 2  

D I SCUSS ION co n t i nued : 

T h e  c om p o n ent s w e r e  dr i ed a nd r e a s s em b l e d  a nd t h e  c o l d  soa k w a s  
r e pea t ed . The s w i t c h  a c t ua t i o n  pr essure r e tu r n 3d t o  norma l .  Th i s  

t � 3 t  i n d i c a t ed t h a t t h e f a i l u r e  mode •a s due t o  m o i s t ur e r a t h e r  
t h a n  p i s t o n  s e a l  f a i l ur a . The mo i s t u r e  a ccumu l a t i o n  w a s  proba b l y 
t h e  r e s u l t  o f  t he l o w  chamber pressur e l i n e  b l eed f l ows wh ich w e r e  
faund a f t er Fl i�ht B - 1 0 . All o f  t he pressur e  s w i t ch e s  i n  th e c o n t r a !  

b ox \/ e r e  d is a s s em b l e d , c l. ea ned a n d  r ebu i l t  w i t h  n e w  " 0 "  r i n gs 
a s  a pr eca u t ionary m e a su r e . A procedure to d e t e c t  r e d u c e d  f lowr a t e s 
o f  t h e  Pch l i ne b l e e d  o r i f i c d  w i l l  be est a b l i s h e d . 

Th e pr ess ur e  excur s io n  wh i ch occurred i n  t h e  l o x  m a n i fo l d  
pr e s s u r e  c a n n o t  b e e x p l a i ned from t h e  pre l im i n a r y  d a t a . T h e  t r a ns fer 
i n to o verd r i v e  a pp e a r e d  t o  b e  no�m a l  a s  i nd i c a t ed by t he f u e l  
m 3 n i f o l d  a nd ch3mber pr essur e s . Th e #4 chamber pr es s u r e  a ppe a r s t o  b e 
s l i gh t l y  d am p ed a n d  l a gs t he #2 a nd #3 pr essu r es . F i g u r e  1 i s a copy 
n ?  t � a  d a t a  show i n g  t h e  t r a n s f e r  a nd excurs io n .  The low po i n t  o f  
l o x  ma n ifold pr as s u r e  w a s  2 9 9  ps i w h i ch i s  a p prox ima t e l y  4 1  ps i a bo v e  
t h e  c u t o f f l e v e l . The s h a p e  a nd d u r a t i o n  o f  t h e  excur s io n  pr o v i d e s s ome 
d ou b t  of va l i d i t y  of t h e  d a t a . Th i s  doubt is f u r t h e r  wa r r a n t ed by t h e  
£� c t  t h a t t h ere w a s  no i n d i c a t i o n  i n  fuel m a n i f o l d  a n d  cham b er p r e s s 
l a r es t h a t  t h e  e x c u r s i o n  w a s  o c cur r in g in t h e  lox ma n i f o l d . Norma l l y  
t h �  ch �mber pr essur es a r e grea t l y  a f f e c t e d  b y  l o x  m a n i f o l d  pr essur es . 
Til \:: fuel m a n ifo ld w i l l  a ls o r e s pond a s  a r esu l t  o f  l ower t ur bo pum p 
p0wer r eq u ir em e n t s  d u e  t o  r ed u c e d  or c h a n g i n g  l o x  f l owra t e s . 

F i gur e 2 is a d a t a  copy o f t h e  shut down t r a n s i e n t show i ng 
m a n i fo l d  pr e s s u r e s  a nd t he #2 ch amber pr ess u r e . I t  mus t be r em �mb e r ed 
t h a t  the l i qu i d  oxygen ma n i fo ld pr e s s u r e r e a d i ng is d e l a ye d b y  0 . 1 5 
s q conds ct u e  t o  a ccumu l a t or d a m p i n g . At t im e  m a r ked 0 t h e  f ir s t 
i nd ica t io n  o f  a clj.a nge i D. lo;,:: m a n i fo l d  pr e s s u r e  occurs . Th i s  i s  
r e f l e c t e d  0 . 1  sec l a t er i n  t h e  # 2  chamber pr essur e . The shu t d own 
w n 3 s i gna l l ed at a b o u t  1 . 2  s e c . Th e decr e a s e  in fu e l  m a n i fo l d pr essure 
i nd ic3 t ed t h a t  th0 fuel w a s  pro b a b l y  a lmo s t e x h a u s t e d  a t th i s  t im e . 
Th � a f f e c t  lo� ma n i f o l d  pressu r e  h � s  o n  c hamb er pr e s s u r e  is s h own 
in t l 1 i s  sh u t do w n  s equence where i n s t a n t a neous lox e x h a u s t ion is not 
e n c o u n t er e d . Th is d a t a  a l s o  i n d i c a t es t h a t  the lnx pr e s sur 0 ex cttrs ion 
i n d i c a t ed d u r i r1 g  t h e  overdr ive i n it i a t i o n  sh o u l d h a v e  pro v i d e d  a 
s i g n i f i c a n t  c h a n ge i n  c h n �b 9r pr e s s u r e s . 

c "  · N .  De:\fa r 
J .  Ko l f  
TC-E lk < 

W .  B .  ARUOLD 
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TO : DOEER 

FROM : W .  R .  A R NOLD - T H I O KO L  

S U ri.J ECT : Pro r , u l s i o n S y s t p m o pe r a t io n  F l i g h t  l l- 1 2 -- :n 

· suMMAR Y OF F NG I NE OPERAT ION 

1 .  N o  pr e l a u n c h  i g n i t e r t e s t  w a s u t i l i z e d . 

2 .  E n g i n e  S t a r t  wa s n o rm a l .  

3 . Th e l r a n s f � r t. o o v e r  d r i v e wa s n o r m  a 1 w i t  h 1 h e  e x c e p t i o n  1. t1 a t 
t h e  # 4  c h a m be r p r Ps s u r e  d i e! n o t.  s h o w  a n y i n c r e a s e  o n  t h e d a t a . 

4 .  ' l 'h tl t · e t u r n  t o  norma 1 c h a m b e r  p r e s R u r e wa s s l i gh t l y  s l ow . 

5 .  En g i n e  s h u t d ow n wa s n o r m a l .  

D I SC U S S I O N  

The fa i l u r e  o f  t h e  # 4  c h a mb er pres s u r e  r e c or d i n g t o  i n c r ea s e  
d u r i n g t h e  o ve r d r i v e  por t i o n  o f  t h e  f l i g h t  w a s  pr oba b l y t h e  r e s u l t  
o f  a d e f e c t i ve t r a n s d u c e r . Th e t r a n s d u c er w a s  r em o v e d  a nd r e p l a c ed . 

Th e de a c t u a t i o n  o f  t h e o v er d r i v e  s y s t em i s  s l i g h t l y  s l o we r t h a n  
tl • :>  t e n c- ou n t er e d  o n  t h e  t e s t. s t a n d . On t h i s f l i g h t i t  r e q u i r e d 
a p p r o x i m a t e l y  5 . 5  s e c o nd s t o r e t u r n t o  t h e  n o rm a l ch a m b e r  pressu r e . 
Th i s  s low r e t u r n  i s  proba b l y  c a u s e d  b y  t h e v e n t i n g a h i  1 i t y  o f  t h e  
s t a nd a r d  go v e r n o r  ba l a n c e  p r e s s u r e  r e g u l a t or wh i c h  1 ..... w" e d  t o  r ed u c e 
t h e  o v e r d r i v e  h a l a n c e  p r c s !"! u r e .  Th i s  f u n c t i o n  w i l l n o t p r e s e n t  a n y 

pro b l em A  d u r i n g e n g i n e o p e r a t i o n . 

Du r i n g  t h e  e n g i n e � t a r t  t r a n s i e n t  a s l i g h t  d e c a y  i n  l o x  t a n k  

pr e s s u r e  h a s  be e n a t t r i bu t ed t o  t h e  c r a c k i n g p r es s u r e  o f  t h e  q u a d  
c h e c k  va l v e  i n  t h e  pr e s s u r i z a t i o n  s y s t em . 

Th e l o x  m a n i f o l d  pr e s s u r e  e x c u r s i o n  wh i c h  a p pea r e d  o n  d a t a  

d u r i n g t h e o v e r d r i v e  t r a n s f e r  o n  f l i gh t R - 1 1  d id no t c. ·· · c u r  n n  t h i s 
f l i g h t . 

Dur i n g t h e  pr e f l i g h t  !� r o u n d r u n  f 0 r  t h i s f ]  i g h t  a n  i g n i t e r  m i s f i r e 

wa s e n c o 1 1 n t e r e> d . I nv e s t i g ;n . ion r e v e a l e d  t l- a i  a •i e f e c t i v e  s pa r k  p l u �  
wa s t h e pro b l em . A l l  s pa r k p l u g s  w e r e  r e r l. a c e d  pr i or t o  f J  i g h t . 

c c: : N .  De M a r  

.T . K o  1 f 
TC - E l k .  

W .  B .  ARNOLD 



POSTFLIGHT : B-12-23 
PILOT : Maj . Love 
DATE : June 14 , 1974 

Thi s  i s  Flight B- 12-23 on 14 June , Maj or Love . I gues s  my best 0pera
to date ,  airplane , weather , everything just went perfectly and it was 
as normal as we could possibly get . A normal launch with the airplane 
coming up to 10 or 11 by the first time I looked at it . 

Hit one and 3 chamber switches and l and 3 came right on up . As soon 
as they were up I hit 2 and 4 and 2 and 4 came up with 2 lagging j ust 
a little bit , looked like . That was terrifi c .  

Then I tried to rotate to 1 5  a and i t  seems like when I had trouble 
going to 14 .  This  time I was able to get 14 easy and 1 5  was harder . 
Part of that i s  be cause it looks a little different than the simulator 
in response to the needle I think . The a needle in the airplane re
sponds faster because it ' s  real I believe than - the one in the simulator , 
so I feel that I have to be just a little more careful of it . The air
plane feels good during that rotation . 

Had plenty of time to think about aileron trim which i s  a big problem 
for me in the simulator , and I didn ' t feel much need for it . Beta out 
about 1 ° left .  At 30 se conds I got the overdrive . I did not look at 
the gages but I felt it just like you said ,  John . A good positive in
dication that you got it . Then got on theta and I had a little easier 
time holding theta than I expected to . In fact , I felt that it was 
easier than holding 15 a. It did feel steep though , and it took a 
little getting used to . About thi s time I looked at the aileron trim 
and I han less  than l/2 ° aileron trim as far as my indicator looked 
like . 

John said to check my a .  Had about 11 . At the time I had 11 , I 
probably would  have had 13 in the simulator . Pushed over to 10 a .  
Pushover came about . 85 just a s  advertised and at 56 . I had to wait 
j ust a little bit , maybe 500 feet and about . 9 ,  then I could feel some 
airframe vibrations similar to an F- 4 at . 9  Mach . The beta was vut 
2 ° to the left .  About . 95 beta was coming back and I was concerned 
with catching the Mach j ump and getting the overdrive off. I looked 
down for that switch, and I did not feel that buffet anymore ,  and beta 
was back in so I did not think about it anymore . 

Got the overdrive off, went to 7 a and was pleased with the way it is  
easier to  hold ?a in the airplane than it i s  in the simulator and also 
the way there is no requirement to take all that aileron trim out that 
you just put in during the climb . Just pushed the airplane over at 
7 a it seemed easier to hold . Got the doublets there and a certain 
amount of time to look up and shutdown , and what looked like 1 . 25 to 
me . During this period I gues s  the hardest thing to do is to read 
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the Mach meter . Very difficult to decide that you are at 1 . 05 or 1 . 1 ,  
because o f  the index o� that Mach meter . 

Shut dcwn , deceleration was marked , but the airplane stayed right at 
7 a and I got those  doublet s .  Now in the simulator , what I was doing , 
when I ' d  accelerate , I ' d  push over to 7 ,  put in a whole bunch of left 
aileron trim and then did the rudder doublet at 7 ,  then trimmed from 
6 to 7 in pitch and did the aileron doublet . After shutdown , -then 
I tried to shutdown at about 6 in the simulator and the simulator would 
come up to 7 and then I ' d  get the doublet . Get the rudder doublet at 
7 ,  push the trim into from 8 to 7 and get the aileron doublet . 
You don ' t have to go thru that drill in the airplane . Then I would 
push over to 5 .  The simulator goes over to 5 easier than the airplane . 
It  was harder for me to make it  stay at 5 then it i s  in the simulattJr , 
and it could be that I just did not want to push it over that much . 
When i realized  I was not getting 5 like I wanted, I became aware that 
pitch angle , it was down about 25  or 30 I suppose . And then it stayed 
right at 5 .  Response  to the rudder doublets was about the same as the 
simulator at that time- it seemed to be . 

Back up to 12 , no up to 10 , trimmed at 10 and the pitch trim in the 
airplane was easier at all times . Couple of pitch pulses ; they looked 
just like the simulator . Up to 12 , beta sat about 1/2 ° left during 
that time . As I decelerated I had about 1 . 08 indicated.  Decelerated 
to . 85 and the beta never did come out , but however ,  I did make a 
little turn in there and I may have been taking the beta out that way .  
I don ' t  know i f  that would cause that o r  not . But I did make a head
ing correction at that time . A small one . Got the yaw damper off at 
. 85 and trimmed to g o  angle of attack . I don ' t  know , I gues s  you are 
so excited you put in bigger inputs , but I had no intention of putting 
in bigger inputs then I put in the simulator . But I �ot an awful big 
response on that yaw pulse with the rudders . I felt that the fre
quency was lower in the simulator .  In order words the needle does  
not move back and forth as many times or it  did not seem to in the 
airplane to me , as the simulator . I seemed to get a little more 
response out o f  the aileron doublet at . 87 than you expect from the 
simulator . 

The yaw damper back on and I was up to 13 a. Prop supply and j ettison , 
that was just as adverti sed,  holding a little higher so  we could get 
back on track . Two mile call and I got the yaw damper on and that was 
nothing to comment on there . Stopped j etti son , tanks and bleed came 
right on then , it was about like normal . As soon as I did that I 
closed up to 30 and trimmed to 11 . You called intersection , did the 
popu and went down somewhere around, I ' d  say 6 °  a, and back up to 13 
just like the s imulator and then as soon as I finished that , had 
another call to stop j ettison and that was done . 
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Had 240 knots on downwind . I was a little surprised I was s T. ill at 
27 , 000 . Closed up and went into low key . Pattern was like the ones 

- 3-

I had been practicing in the 38 ,  coming in there . 30 ° flaps out at 
the 90 ° point and got them back in and tried to hit 9000 ' at 300 knots 
and did .  John asked if I felt a little lm·l on final and I did feel 
low and I looked to the aimpoint and I s ee the aim point i s  right . I 
.just felt shallow . So I think it probably was the wind that we were 
pas sing thru . There was a little turbulence somewhere in there too , as 
I recall . Did not mean anything . Flare and gear extension, felt the 
headwind. 

Then touchdown came with the right main first and then left and nose 
down , but the nose came down straight . Then got nose wheel steering . 
I was holding right aileron too to steer straight . So if  we did not 
have a cross  wind, we ought to look at th.e transients . 

� did  not just go straight down the runway like it has on the last 
3 times I landed it .  It took a lot of steering to hold it straight 
compared to the other times , and I braked just a little bit .  
No , I was just watching i t .  It  was only, I could feel the air�lane . 
The other things I mentioned to you John , I mentioned those things 
because I wanted to remember them . I did not noti ce the ball during 
the rest of the flight but as I turned downwind I noti ced the ball 
was flying l/2 ball out to the left with the beta l/2 ° needle left .  
I don ' t  know i f  that makes any s ense or not . But thats 
Not much beta but showing some side forces if  the ball was installed 
in the airplane right . 



FLIGHT : 
PILOT : 
B- 52 : 
LNCH PANEL : 
NASA 1 :  
DATE : 

24 Minutes 

NASA 1 :  
LOVE : 

NASA 1 :  

LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  

22 Minutes 

008 : 
LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

E- 12- 23 
Maj . Love 
008 
R .  Young 
J .  Manke 
June 14 , 1974 

OK Mike , 24 minutes ,  24 
OK, John , SAS gains 6 ,  5 ,  3 ,  
Ready for a calibrate 
Yes sir , we are ready 
OK, that was a good calibrate 
Pres sure altitude 20 , 000 
X-24 air 3050 
Pylon down to 600 
2 and 4 coming on 
Roger , Mike 
Lites out 
3200 
Roger 
Switches are on 

ENG . START : 1035  
TAXI : 1040 
TAKEOFF 105 5  
LAUNCH n46 
LAND 1153 

OK, all circuit breakers are in except vehicle release and 
brake 
Roger , Mike 
22 minutes , Mike and 008 start your turn 

008 
OK, Mach repeater is auto 
ex i s  about 2 
Airspeed 238 
Altitude coming up on 37 
Indi cated Mach . 74 
Mach repeater i s  . 75 
Roger , Mike 
Mach repeater i s  manual - set 1 . 0 ,  going lower 
Roger ,  Mike 
Emergency flap , 30 , 25 , 40 and pick up 
Rudders  at 30 and they are at z ero 
OK, 20 and - 10 on the rudders 
40 and zero 
Roger , Mike 
Back up , going to 5 
Down to 9 
Aileron bias back to normal 
Set at 7 
Full aft sti ck 
Forward and aft stick trim 

Set at 10 
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NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  

008 : 
CHASE : 

Roger , Mike 
Right and left aileron 
Trim set at z ero 
Full right rudder 
Full left rudder 
Roger , Mike 
Rudder trim right and left 
Set l o left 
KRA increased to 50 
Right and left sti ck 
The rudder follows 
Zero 
Right and left sti ck ,  no rudder 
OK, Mike 
KRA emergency , going to 50 
Right and left sti ck 
The rudders follow 
Roger 
KRA i s  auto , went back to z ero 
Stick Shaker good and it is on 
Roger 
Mach repeater 1 . 0  
Flap mode i s  manual 
Rudder mode i s  auto 
Roger , Mike 
SAS servos going to auto 
Set 5 ,  5 ,  5 ,  and the old SMRD 
No lites 
Very good 
Torque 
No lites 
#1 ' s are off 
A torque and 3 yellows 
2 '  s are off 
A torque and 3 reds 
Roger , Mike ,  looks good 
6 ,  5 ,  3 ,  
Servos are auto 
Lites  are reset 
Torque and no lites 
OK, good check , Mike 
SAS mode switches are on and I will hold up here 
Alright 
Mike we want a little bit of  left roll and a little bit of  
left yaw trim 
Rollout 240 , 008 
008 
The left side ' s starting to vent a little bit 
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NASA 1 :  

CHASE :  

NASA 1 :  

16 Minutes 
LOVE : 
NASA 1 :  

YOUNG : 
LOVE : 
NASA 1 :  
1 5  Minutes 
LOVE : 
DANA : 
LOVE : 
DANA : 
LOVE : 
DANA : 

LOVE : 

NASA 1 :  

NASA 1 :  
14 minutes 
LOVE : 

NASA 1 :  

008 : 
NASA 1 :  
008 : 
NASA 1 :  
008 : 
NASA 1 :  
CHASE : 
NASA 1 :  

MI KE :  

A little more yaw trim, Mike 
Looks good 
Both your trims 
Looks good here 
Roger 
OK, for chase ,  thi s is what we would call a good top- off 
from down here from our temperature .  You might take a 
look at that 
The ones on the left have just started pulsating and the 
one on the right i s  venting pretty good 
Roger 
We just past 16 minutes , Mike 

Roger 
Ray Young , you can get top- off, off now , and Mike , precool 
off 
Topoff coming off 
Precool i s  off 
OK, we just past 15 minutes , Mike 

Roger 
OK, Mike , do you know how to grease a Volkswagan? 
How do you do that , Bill ? 
Drive over a Marine 
That is a good way 
I f  you really want it greasy drive over him when he is  in 
hi s flying suit 
Right on 
NASA 1 ,  radio check 
Loud and clear , Mike 
Dana I think I found out who is putting that razor in 
my shoe 
OK Mike , 14 minutes , 14 

Hydraulics are swapped 
2700 
OK,  good show and we are ready for a pitch and yaw i f  you 
are up there 
Right 
We are ready for the pulses , Tom 
Roger , pitch pulse now 
OK, that was a good pitch pulse , Tom 
And yaw pulse  
Good yaw pul s e ,  Tom 
OK, Mike , I ' m in here 
OK, Mike we are 13 minutes and you can get the erect switch 
to erect and fast erect on . We are going to be here for a 
while  
OK, they are on 
Say your heading, Tom 
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LOVE : 
008 : 
NASA 1 :  
008 : 
NASA 1 :  
008 :  
NASA 1 :  

12 Minutes 
LOVE : 
NASA 1 :  

ll Minutes 
LOVE : 
NASA 1 :  
CHASE : 
NASA 1 :  
SACE : 
NASA 1 :  

10 Minutes 
LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  

YOUNG : 
NASA 1 :  
9 Minutes 
LOVE : 

NASA 1 :  

NASA 1 :  

8 Minutes 
008: 
YOUNG : 
LOVE : 
NASA 1 :  

LOVE : 

B-12-23 

008 ,  say your heading 
239 

What is  the LOX quantity in the cruise  tank , please 
Quantity is  450 gallons 
450 
Affirmative , correction 550 
OK, 550 
Mike , 12 minutes 

Roger 

- 4-

OK, Mike ,  there i s  lll minutes  and the trims are looking 
good here 

OK, I got 40 , 10 , 0 ,  7 ,  l left and rudder bias i s. 0 
Roger 
Good here too 
Save helicopter , NASA l 
Save ' s  in position 
Roger , thank you very much sir 
OK, Mike there i s  10 minutes , 10 

#l is 39 
#2 is 41 
Control gas i s  500 
Governor balance is down to 455  
Fuel and LOX tank 0 
Gear 3100 
Ready for the pump heater 
OK, lets go ahead , Mike 
Pump heater is off 
OK, back on 
Pump heater is on 
OK, good check , Mike 
And Ray Young we will be starting our top- off at 8 minutes 
I will give you a call 
Roger , NASA l 
OK, there i s  9 minutes ,  Mike , 9 minutes 

OK, 9 minutes 
Erect switch cutoff 
Fast erect off and outstanding attitudes up here 
Alright 
There i s  2 that I did not like too well 
8 minutes , you can start your tur 
8 minutes , start topoff 

Roger 
LOX topoff is resumed 
John, are you ready for a rocket check? 
Yes 
OK, good rocket check 
Roger , and standby for aileron activity 



FLIGHT : 

NASA 1 :  

LOVE : 
NASA 1 :  
7 Minutes  
LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  

6 Minutes 
NASA 1 :  
CHASE : 
NASA L :  
008 : 
MIKE : 
NASA 1 :  
CHASE : 

NASA 1 :  

5 Minutes 
LOVE : 

NASA 1 :  
LOVE : 
008 :  
LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  
008 : 
LOVE : 
NASA 1 :  
4 Minutes 
LOVE : 

NASA 1 :  
LOVE : 

B-12- 23 

And we are ready for that oo 
OK, thats good ,  Mike 
Roger 
7 minutes , Mike , 7 minutes  

OK, 7 minutes 
Lets go secondary 
Roger 
551 on primary 
Read you loud and clear , Mike 
OK, Mike 6 minutes , 6 minutes 

Chase airplanes check your windshield heat 
1 ,  10: , 2 ,  20: 

- 5 -

/ 

And Tom Higgins will you shallow your turn a little bit , please 
Roger 
OK, there is  27 
Give us a little beep forward, Mike 
OK, Mike , check the aileron too , I get a nervous twitch 
on the aileron 

Ailerons look OK 
OK, we are OK on the pitch trim too 
OK Mike , there is 5 minutes , 5 minutes 

Roger,  I am on battery and emergency battery lites out 
Hydraulics are swapped 
3200 
I had to reset the battery light again 
OK , #1 i s  125 
# 2 is 110 
#3 is 110 
#4 i s  45 and the lite is still out 
Alright 
SAS gains are 5 ,  5 ,  5 ,  and the old SMRD 
X- 24 adapter power i s  off 
No lites 
Roger 
Torque , no lites 
OK, roll out this heading 008 
Roger 
3 amber 
And we just past 4 minutes , Mike , and we are doing good 

3 reds , auto , lites , torque 
No lites , 
OK,  good check , Mike 
I am on X-24 oxygen 
I got 85 and 1700 



FLIGHT : 

NASA 1 :  

LOVE : 
NASA 1 :  
3 Minutes 
LOVE : 

NASA 1 :  
LOVE : 

HASA 1 :  
LOVE : 
NASA 1 :  
008 : 
NASA 1 :  

2 Minutes 
LOVE : 

008 : 
LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  
YOUNG : 

NASA 1 :  

70 Seconds 
LOVE : 
NASA 1 :  
l Minute 
LOVE : 

B-12- 23 

OK, Mike we are not quite 3 minutes yet 
Why don ' t you just hold on your air for a secon �J e r e  
OK 
OK, Mike , there i s  3 minutes , 3 minutes 

OK, I am on X-24 air 
Cabin altitude is  28 
Canopy defog is heat 
Forward canopy defog is on 
Suit vent i s  low 
5 a left 
#l i s  39 
#2 i s  41 
Control gas i s  500 
Governor balance i s  455 

- 6-

Erect switch erect and fast erect on and my trims look good 
OK, Mike and give X-24 air pres sure reading 
2800 
Very good 
That last correction was 5 o  left?  
Affirmative , 5 ,  left 
OK, Mike , there is  2 minutes , 2 minutes 

OK,  precool i s  off 
Engine bleed is on 
Prop supply i s  on 
Fuel and LOX tanks are pres surizing 

LOX i s  44 
Fuel is  46 
Roger 
Release pres sure low lite is out 
OK, good show , Mike 
B- 52 beacon is  off 
And pres sure is  good, 1300 
OK, Ray , very good 
OK, Mike , there i s  70 seconds , now 

Roger 
l minute ,  mark 

OK, clocks started 
#l is 36 
#2 is 41 
SAS lites are out 
I ' ve got 062 heading 
a i s  4 
t3 i s  l left 



FLIGIIT : 

NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 

NASA 1 :  

LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 
LAUNCH 
NASA 1 :  

LOVE : 
NASA 1 :  

NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 
NASA l :  
LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 

B- 12-23 

Roger 
Engine master i s  on at 45 
Roger , good call 
Erect switch cutoff 
Fast erect is  off 
Roger 
OK, Mike , systems are OK from NASA l 
OK release circuit breaker is  in 
Roger 
Recorder and cameras are on 
OK 
10 
Roger 
5 

OK , Mike , you are on your way 
Watch your angle of attack , 15 ° 
4 good ones 
OK, we see 4 good ones , Mike 
Looks real good 
Watch your a 15 ° 
We got a real good track 
We launched you right on track 
Good heading 

-7-

We show a good l5 °and you can standby for your overdrive 
on , Mike 
Your are rounding out very handily 
Standby for theta , Mike 
And we s ee a good overdrive 
Roger , on theta 
OK, we got a nice profile 
OK, Mike , somewhere along here you can check your angle of 
attack 
I read 12 now , John 
Roger , that means that we are going to get a little bit 
high 
Rog 
You got a good track and it is a good profile 
Standby , check your Mach 
Standby for a pushover 
56 ,000 ' , now 
Roger 
And you should be going down to 10 a here 
I got 10 
Very good , looking good 
Watching beta 
OK 
OK, its swinging out to the left 



FLIGHT : 

NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  

LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  

B-12- 23 

OK, we are going to go a little high . 
You can stand by for over drive off and 7 o a 
Roger 
OK, early shutdown line now 
We see the overdrive off 
Standby for doublets 
We see your doublets , Mike 
Standby for shutdown and doublets 
We got the shutdown 
Give us some doublets 
OK, go to 5 a and give us some more doublets ,  Mike 
OK, and we see the doublets 
You can trim to 10 a, 
Pitch gain to 4 
Pitch pulse 
You are going to end up a little bit low this time 
We were early at the shutdown , Mike 
I am up at 12 and I still got 1 . 05 
OK, watch your beta as you go thru this area here 
Roger 

-8-

And when you get a chance we are going to want a 5 o  - 10 °  
left correction , Mike 
Coming left 
Beta is  holding around zero 
OK 
Going out 
It  is  1 left now 
OK, you can check your Mach 
Yaw damper off and g o  a 
Standby for doublets 
We see your doublets 
Lets go to 13 a 
Prop supply off and start your j ettison 
And bring her about another 5 °  left 
Coming left 
OK, and I got you running about 4000 feet below the profile 
Mike 
OK, I will hold it up 
Yes , bring it a little bit more left here , Mike 
2 miles 
Get your damper back on 
I t  i s  on 
You are converging nicely on the profile 
Stop j ettison ,  tanks , bleed now 
OK, did you get stop j etti son ,  Mike 
Roger 
Very good 
OK, close  up to 30 
You are cros sing the intersection 
You can start your turn 
Get your 11 ° popu 



FLIGHT : 

NASA 1 :  

LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  

LOVE : 
CHASE : 
LOVE : 
NASA 1 :  

LOVE : 

NASA 1 :  
CHASE : 
LOVE : 
CHASE : 
NASA 1 :  
LOVE : 
CHASE : 

LOVE : 
CHASE : 

NASA 1 :  

LOVE : 
NASA 1 :  
LOVE : 

B-12- 23 

You are right back on the profile , �1ike 
Your profile is perfect 
The energy i s  perfect 
We see  your a changing 
You got a ni ce turn going 
I got 240 
OK , inbound to the low key will be about 010 , �like 
OK 
OK, you can standby to close her up 
You are right on profile 
Check your Mach 
240 ,  Bill 
Roger , I am j oining up , Mike 
OK 
We got you coming up on 2 miles 
Thi s  i s  a good heading to the low key 
Get your SAS 4 ,  3 ,  2 
We see  SAS 4 ,  3 ,  2 
You are going just a little bit above profile now 
You can drop your a 
At one mile 
Give us a rocket check 
OK, good rocket check 
l and 3 hydraulics  on 
You are at the highway , now 
Right on altitude 
Right on course 
OK 
John , the ball i s  flying about l/2 ° out left 
Alright 
290 , 17 , 000 Mike 
Roger 
90 percent 
OK, we see  Mach repeater . 3  
Roger 
303 
1200 ' 
Roger 
100 , 50 , 3 good ones ,  Mike 
20 ' , 3 ,  2 ,  l very nice 
OK, Mike , looks good 
You can arm your nose gear steering 
Mike , that was very nice 
Another normal 
Roger 

KRA manual 
Throttle off 
Cameras are off 



FLIGHT : 

LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

LOVE : 

NASA 1 :  

B- 12-23 

Ready for a calibrate 
Roger we are ready 
Recorder off 
Roger 
SAS servos are off 
Hydraulic pumps coming off 
OK, Mike 
Defog coming off 
Erect switch erect , fast erect on 
#1 is 900 
#2 i s  3800 
Control gas i s  510 
Governor balance i s  465 

Landing gear i s  2600 
02 cylinder i s  1100 
Cabin air i s  Boo 
Engine timer 106 
Radar coming off 
Sti ck shaker off 
Fast erect off 
Erect switch cutoff= 
Roger , it ' s  off 
Attitudes coming off 
Canopy i s  coming open and I will see you upstai rs 
OK, Mike , that was really a dandy , a good flight 
12 : 30 postflight 

- 10-





PRELIMINARY RESULTS OF X-2 4B 

Fli gh t  B - 1 3- 24 

2 8  June 1974 

By 

USAF/NASA X- 24B Proj e c t  Team 



F L I G H T  S U MM A R Y  - F L I GH T  B - 1 3 - 2 4  

F l i g h t  B - 1 3 - 2 4  w a s  f l o w n  o n  2 8  J u n e  1 9 7 4  b v  J o h n  M a n k e . 
T h i s  f l i g h t  w a s  f l ow n  a s  p l a n n e d  a n d  p r o v e d t o  b e  o n e o f  t h e 

m o s t f r u i t f u l  f l i g h t s  f l ow n t o  d a t e . A t o t a l  o f  n i n e t e e n  

d a t a  m a n e u v e r s w e r e a c c o m p l i s h e d . T h e  s i g n i f i c a n t 

f l i gh t  c o n d i t i o n s  w e r e : 

M a x i m u m  M a c h  N um b e r  • 1 . 3 9 
M a x i m u m  A l t i t u d e  = 6 8 1 5 0 f e e t  

M a x i m u m T r u e  A i r s p e e d  = 7 9 9  k n o t s  

F l i g h t  T i m e  • 7 m i n  7 . 6  s e c  

B u r n  T i m e  = 1 1 7  s e c  

A s um ma r y  o f  t h e k e y  d a t a  m a n e u v e r s i s  l i s t e d  b e l o w : 

M a c h  

1 . 1 6 
1 .  2 7 
1 .  3 6  
1 .  2 8  
1 . 2 - 1 . 1 2 
1 . 0 - . 6 4 

4 
4 
4 
8 

3 - 1 5 - 8  
7 - 8  

M a n e u v e r  

R u d d e r / A i l e r o n  D o u b l e t s ( p o w e r  o n ) 
R u d d e r / A i l e r o n  D o ub l e t s  ( p ow e r  o n ) 
R u d d e r / A i l e r o n  D o ub l e t s  

P i t c h P u l s e ( d a m p e r  o f f ) 
P u s h - O v e r  - P u l l - U p  

1 4  R u d d e r / A i l e r o n  D o ub l e t s  

I n c l u d e d  i n  t h i s  r e p o r t  i s  a d i s c u s s i o n  o f  t h e  c o r r e l a t i o n  

o f  s u r f a c e  p r e s s u r e  m e a s u r e m e n t s , t u f t s , a n d  s t a b i l i t y 
d e r i v a t i v e s . O f  s i g n i f i c a n c e i s  t h a t  o b s e r v e d  l a r g e  

i n s t a n t a n e o u s  c h a n g e s  i n  f i n p r e s s u r e s  l e a d  t o  v e r i f i c a t i o n  

o f  a d r a s t i c  f l ow c h a n g e  v i a  a n a l y s i s  o f  m o t i o n  p i c t u r e  

p h o t o g r a p h s  o f  t u f t s . T h i s  i n  t u r n  l e a d  t o  d e t a i l  f l i g h t  

p l a n n i n g  t o  p e r f o r m m a n e u v e r s  t o  d e t e r m i n e  i f  s t a b i l i t v  

d e r i v a t i v e  c h a n g e s  r e s u l t e d f r o m t h e  f l ow c h a n g e s . I n d e e d  

a s i g n i f i c a n t c h a n g e  i n  t h e d i r e c t i o n a l  s t a b i l i t y d e r i v a t i v e  

( C n ) w a s  f o u n d  t o  e x i s t .  T h i s  i s  c o n s i d e r e d a s  a u n i o u e  

u s e  o f  s u r f a c e  p r e s s u r e  d a t a . 

An a d d i t i o n a l  4 0 0  p o u n d s  o f  e n g i n e  t h t u s t w a s  u s e d  i n  
t h e s i m u l a t i o n  t o  p l a n  t h i s  f l i g h t . T h e  a c t u a l  f l i g h t 
p r o f i l e  p e r f o r ma n c e w a s t h e  c l o s e s t a c h i e v e d  o f  a n v  f l i g h t  

t o  d a t e . A c o m p a r i s o n  o f  t h e  p l a n n e d  a n d  a c t u a l c o n d i t i o n s  
i s  s h o w n  b e l o�v : 

M a x i m u m  A l t i t u d e  F e e t  

M a x i m u m  M a c h  N o . 
E n g i n e  B u r n  T i m e  - s e c  

P l a n n e d  -- - - -

6 7 , 0 0 0  
1 .  4 0  

1 1 7  

A c t u a l 
----- - · - -· 

6 8 , 1 5 0  
1 .  3 9  

1 1 7  



------- X - 24 8 F l ight Request 

21 June 1 974 

F l ight No : B-1 3 -24 

Schedul ed Date : 28 June 1 974 

P i lo t : John Manke 

Purpose : 1 .  Env e l ope Expansion to 1 . 4 0  Mach number 

2 .  0 Stabil ity and Control at Mach number > 1 . 0  and 5 a .  

3 .  F in ,  Rudder and F l ap Pressure Survey 

4 .  Boundary l ayer no ise and v ibrat ion experiment (RED PLUG ) 

Launch �  West of Ro samond , Mag Heading 060° + Cross  Wind Correc t i on 
Ang l e .  4 5 , 000 feet , 1 9 0  KIAS . F l ap Bias "Manual " ,  Upper 
Flaps = -40° , Lower Fl aps ., 2 7° , Rudder Bias Mode "AUTO" , 
Rudder Bias = 0° . Rudder Trim = 1 ° Left . A i l eron Bias = 
+ 7° , SAS Gains 6 ,  5 ,  3 .  Mach Repeat er ' 'Manua l " = 1 . 0 ,  
KRA "AUTO" .  Hydraul ic Pumps 2 and 4 on . 

Land ing � Rogers Lakebed Runway 1 8  

B-52 Track : X - 24 B Track # 2  (R2 51 5 ,  Work Area I )  

ITEM TIME ALT 

1 0 4 5  

2 30 43 

3 4 0  4 6  

4 74 57 

5 98 65 

6 1 05 67 

7 1 1 1  67 

A/S a 

190  5 

245 1 5  

2 1 5  1 5  

1 7 5 14  

1 90 1 2  

205 s 

2 2 5  5 

. 7 1  
( .  7 0 )  

. 84 
( . 8 2 )  

. 81 
( . 80)  

. 8 5  
( .  83)  

1 . 05 
( 1 . OS) 

1 . 1 5 
( 1 . 1 5 )  

1 . 2 5  
( 1 . 2 5 )  

EVENT 

Launch , Light 4 Chambers , 
Tr�m to and Ma intain 
1 5  a .  

At 30 sec . Turn 
Overdrive on . 

8 = 4 0° Ma intain 8 z 
4 0° (cross  check a)  
At 57K ( . 8 5  MaghT) 
Pushover to 1 2  a .  
At 1605  MachT , pusl)over 
to 5 a ,  KRA to "MANUAL" . 

Perform rudder and 
a i l eron doub l ets . 

Perform rudd er and 
a i l eron doubl et s  



ITEM TIME ALT A/ S a MiM
i 

EVENT 

8 1 1 7  66 260 5 1 , 40 At 1 . 40 Mac� shut -down 
( 1 . 40) eng ine . Per orm rudder 

�- -

and a i l eron doubl ets . 

9 1 27 64 253 5 1 . 30 Pul lup to 8° a ,  pitch 
( 1 . 30) damper to zero gain 

and pitch pul se . 

1 0  1 38 58 258 5 1 . 20  Pitch damper to  "ON" 
( 1 . 20) Pesfoom pgshgver -pul lup 

(8 -4 - 1 2  -8 a) 
1 1  1 53 5 1  260 8 1 . 1 0  Trim t o  8° a ,  Perform 

(1 . 1 0) rudder and ail eron 
doub l et s  whi l e  dec el erat ing 
to Machi•0 . 65 .  Target 
Machi numbers for these 
doub et s s et s  are . 93 ,  
. 88 , . 77 and . 66 . 

1 2  1 96 34 265 8 . 76 Intersect ion , cont inue 
( ; 75)  doub l et set s  whi l e  turning 

to the low key heading 
unt il  Mach3• . 65 ,  then 
trim to 1 2  a .  

1 3  227  24 2 50 1 2 . 58 Change configuration to 
( . 57)  -20° upper fl aps . Trim 

to 1 0° a and j ettisGn 
propel l ant s . Vector to 
low key . KRA to "AUTO" 
Set SAS Gains to pitch 
4 .  ro l l  3 and Yaw 2 .  

14 270 20 220  1 0  . so Low key , rocket check , 
( . 49)  # 1  and # 3  hydraul ic pumps 

on . 

1 5  Change Mach repeat er 
to 0 . 3  during final 

2 



---------

,.,---

NOTES: 

l. Nose Ballast = 240 lbs (93 lb Liist 

2. Wei8ht-lbs 

Launch 13530 
Shutdown 9203 
Landing 8467 

3. Engine S/N 8, Pump S/N SA 

Thrust - lbs/chamber 
LOX Flow Rate - lb/sec/chamber 
WALC Flow Rate - lb/sec/chamber 

Batt arid 93 lb Equip Batt) 

cg-% 

65.9 
64.1 
64. 0 (gear down) 

Normal 

2200 
4.51 
4.05 

Overdrive 

2450 
5.045 

4.53 

4. Power on Base Drag Reduction C
C 

= -.005 

5. Pitch Attitude Null at 40° 

Ground Rules for NO LAUNCH: 

1. Radio, radar, PCM failure 

2. Electrical or SAS malfunction 

3. A/S, altitude, Machmeter failure 

4. Angle of attack or sideslip malfunction 

5. Any control system malfunction 

6. Loss of cabin pressure 

7. Turbulence below lOK in excess of moderate 

8. Surface winds greater than 20 kts or crosswind greater than 10 kts 

9. Failure of engine control box heater 

10. Failure of stick shaker 

(In addition to standard ground rules published in Li,t Body Joint 
Operations Plan) 

Alternate Situations After Launch: 

3 

Failure 

1. Radio, radar, PCM 

2. Only One Chamber Operates 

Action 

Proceed as planned. 

Vector for RW 02 Rosamond, shutdown 
chamber, jettison, change configuration. 



4 

Failure 

3. Only Two Chambers Operate 

4. Only Three Chambers Operate 

5. Delayed Engine Light 

6. Overdrive Failure 

7. Total damper failure 
any axis 

8 . KRA "AUTO" Failure 

9. Angle of Attack 
(Indicator Only) 

10. Total Angle of Attack 

11. A/S Altitude, Mach 

12. Attitude System 

Action 

Maintain 15° a. Shutdown on NASA I 
call (�225 sec). At shutdown pushover 
to 8° a and perfor. doublet sets while 
accelerating to Mach. = .75. 1 

Maintain 15° a. Overdrive on at 38 
sec. at 53K (.85Hr) pushover to 12 a. 
at 1.05� pushover to 8° a (overdrive 
stays on) . Shutdown on NASA I call 0 
(slSO sec), 8 a and proceed as planned. 

Proceed as planned. Use 45°
08 (15° a 

MAX). At 57K pushover to 12 a. 

Ma�ntain 15°. At 60K pushover to 0 
12 a, at 1.05 Mach

t 
pushover to 10 0a1 

at 1.2 Mach
t 

(watch B) pushover to S a 
and proceed as planned (130 sec Butn Time). 

Fly 2 chamber prgfile, sum the overdrive 
off, Maintain IS a (13 a for a pitch 
dampea failure). Change configuration 
to 35 upper flap at .7 Mach number. 
Shutdown on NASA I call. Roll or Yaw 
failure set Mach Rep. tg 0.3. Pitch 
failure close-up to -24 upper flap at 
low key. 

Set to manual 10\ and proceed as planned 
if "MANUAL" mode inoperative-switch to 
"EMER" position and set to above value. 

Proceed as planned using backup angle 
of attack gage. KRA ''MANUAL" 10\, 
stick shaker off. 

Fly two Chamb8r profile, use 200 KTS 
instead of 15 a. To rotate fly 1.0 g 
to 230 KCAS then fly 1.2 g to 200 KCAS. 
(KRA Manual 10*• stick shaker off) 

Proceed as planned using a, e and time 
for profile control. 

Proceed as planned using backup attitude 
indicator. 



Failur e 

13. Rudder Bias "AUTO" failure 

14. Upper flaps fail to close 

15. Premature Engine Shutdown 

0 - 18 Sec RW 02 Rosamond 
18 - 40 Sec RW 20 Rosamond 
40 - 70 Sec RW 36 Rogers 
70 - 80 Sec RW 18 (RHP) Rogers 
80 - up Sec RW 18 (LHP) Rogers 

Action 

Swi�ch to ''MANUAL., mode and toe-in to 
-10 • If ''MANUAL" fails close-up to 
-24° upper flap. 

Cycle emeraency flap switch to close-up 
to -20° upper flaps. If emergenc� 
flap s witch fails, move 6A8 to 11 • 

__ .. -·;)· · ·- . 
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X-2 4 B  DERIVAT IVES 

Alex G. Si m 

On f l ight 13 , one longitudinal and 17 l atera l-direc tional 

sets of de rivative s  were analyzed. 

The longi tudinal s e t  of der ivatives was obtained at 

1.25 Mach number and 7.5° ang le of attack. The se data, shown 

in f i gure 1 ,  indi cate long i tudinal static stab i l i ty to be 

s l i ght ly lower than wind-tunne l prediction s ;  whi l e  long-

i tudi n a l  contro l  e f fectivene s s  and damp ing are s l i ghtly higher. 

The l a teral-d i rectional sets of de rivatives obtained were 

at e i ther 4° o r  7.5° ang le of attack acro s s  the Mach number 

range. The se data for the lateral-d i rectional s tab i l i ty 

parameters c1 and C are s hown in f i gure 2 a long wi th 
8 n

s 
previous ly obtained data. Con s i de ring f i r s t  the e f fective 

dihedral parame ter, c1 , the f l i ght and the wind tunnel 
8 

general ly agree (except in the Mach numb e r  range f rom 0 . 90 

to 0 . 99) . The e f fect o f  power i s  to de c re a se s tab i l i ty 

(predi cted but not s hown) which holds true except for the Mach 

number 1 . 29 data point. Howeve r, more s uper s on i c ,  power 

on data i s  needed to better de f ine th i s  re gion. In the 

Mach number range from 0 . 90 to 0.99 , the wind-tunnel pre-

di ctions and f l ight do not agree. 



The s tatic di re c t i on a l  s t ab i l i ty parame te r, C , i s  ve ry 
n

s 
intere s ting. At 5° ang le of attack, the powe r- of f wind 

tunnel and f light da ta c orre late very well. Again, a powe r 

on dec re a s e  in s tabi l i ty i s  evident. At 7.5° angle of attack 

and f or Ma ch numbers up to about 0.73, C is s i gn i f i cantly 
n

s 
higher than pre di c te d. F rom about 0.75 to 0.97 Mach number, 

c 
n

8 
i s  lower than predi cted but s omewhat f ollows the trend 

of the wind tunne l predi c t i on s .  Above Mach number 1.0, the 

flight and wind tunne l genera l ly agree w i th the e f fe c t s  of 

power not being pronounced. However, of s pe c i f i c  intere s t  

i s  the jump i n  the s tab i li ty level between 0.73 and 0.75 

Mach number. Th i s  occ urs at the s ame Mach number where 

v i s ua l  techn i ques and pre s s ure me as urements indi c a te f l ow 

separation on the up per ins ide surface s of the vert i c a l  

tip f i n s .  
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Performance and Longi tudinal Trim 

By 

Dave Richardson 

During flight 1 3  a p lanned pushover-pullup maneuver was performed at 
Mach 1.2 with the rocket engine off . A comparison between the performance 
data extrac ted from this maneuver and the C�ell wind tunnel data reveals 
the following trends . The lift  to drag ratio compares well , however ,  
maximum L/D was not reached in the flight vehicle ( figure 1). The drag 
and chord force is slightly less than the predicted data at the lower angles 
of attack ( figures 2 and 3) . The slope  CN is 18 percent less than the 
predicted data . a 

The longi tudinal trim data at Mach 1.2 still shows a reduction in 
static margin when compared with the predicted data ( figure 4). The 
broken line in this figure is data from the X-24B simulator which is 
based on wind tunnel predicted data . The solid line in the figure is 
the lates t X-24B simulator data which contains an update to account for 
the reduced static margin established from subsonic maneuvers . 
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Corre lat ion of Tip F i n  Pressure Anomalies 

with Right Fin Tuft Photos 

by 
Captain John L. Stuart & Johnny G .  Armstron g  

h gure l shows t he Mach number and ang l e  o f  attack condi t i on s  at wh ich 
"pressure gl i tche s" occurred on the inside surface of the left and ri ght fins 
dur ing f l i gh t s  6 through 1 2 .  Also  shown i s  the f low boundary wh i ch was pos tu
la ted in the F l ight 10 F l i ght Report . It is  now fe l t  that the " g l itches" 
whi ch o ccur at or n ear o. 9 ;,tach are unre l ated to those which occur betl\'een 
0 . 6  :.tach at 1 4 °  and 0 . 8 Hach at 4° Figure 2 shows t he conditions at 
which "gl i t ches" occurred on F l i ghts 6 t hrough 1 3 ,  and two flow boundar i e s .  

Thi s author i s  n o t  sufficien t l y  know ledgeab l e  i n  the fie ld of appl i ed 
aerodynamics to define the origins or causes of the se anomal i es , but the 
fo l lowing po ssibi l it i es are offered with l i t t l e  exp l anat ion and no defens e .  
The vertical (so l i d )  boundary n ear 0 . 9  Hach could  resu i t  from the formation 
o f  a standing shock wave , which would mo st l ik e l y  be independen t  of vehi cle  
ang le o f  attack but would be s omewhat d ependent on side s l ip ang le (an g l e  
o f  attac k  o f  the fin itse l f) . This might expl ain the smal l amount of data 
scat ter . The other (dashe d )  boundary cou ld be caused hy separation of the 
flow near the fin lead ing edge due to interference from the vehi c l e  body 
or impingemen t of a vortex shed from the vehi c l e  body.  E i ther of these 
phenomena wou l d  be high l y  dependen t on both �1ach number and ang l e  of att ack ; 
they would a l so be moderate l y  depend ent on sidesl ip ang l e ,  which wou ld again 
explain the data sc atter . 

Figure 3 show s a port ion of the F l i ght 1 3  pre s sure tap t ime history.  
The saw-to oth excurs ions are response s t o  rudder d oub l ets and are not con
sid ered "g l itches" ; on l y  step change s in the nomi na l pressures are considered . 
I t  i s  interesting to not e  that the " g l i tch" at tap 6 on the r ight fin occurs 
at a s i gnificant ly lower Mach number than those at the other three t aps . 

Prior to F l ight 1 0 ,  t hree tufts  were p l ac ed  on the in s id e  surface of 
the right fin . They were photographed w i th a camera mounted high at the 
trail i ng edge of the center fin . Ana lysis of the fi lms from F l i ght s 1 0  
through 1 3  shows that there are two distinc t  flow pattern s ,  and that t he 
boundary between t he se pat terns co inc ides with the " s eparation" (dashed) 
boundary descr ibed above (see F i gure 4 ) . Thes e  flow patterns are sim i l ar 
to those observed for the X-24A fin (ref : NASA TI1 X-2 8 1 6 , F l i ght-� ieasured 
X-24A Lift in Body Contro l - Surface Hin e Moments and Correlation with 1\'ind
Tunnel Pre �ct�ons , M�ng H .  Tang and George . E .  Pearson , Jun e 1973) . At 
lower �tach numbers and ang l es of attack , the flow is  general ly spanwi se and 
somewhat unst eady at a l l  three l ocation s .  At the separat ion botmdary, the 
flow c harac ter istics change abrupt l y .  At h ighe r �tach numbers and ang les 
of attack , t he forward tuft i s  very errat i c  and stands out away from the fin 
sur face indicating separated f low ; the center tuft is s li ght ly steader but 
l ie s  0° to 1 5 °  forward of verti ca l  suggest ing that the f l ow i s  s t i l l  separated 
at thi s pos i t ion ; the aft tuft ind icates uns te ady , chordw ise flow (see 
Figure 5 ) . 



1\'hi le i n  t he hi gher t-lach number and ang l e  o f  attack r eg i on ,  'IJoth the 
center tu f t  and the aft tuft abrup t l y  as sumed t he l ower ; tach anJ « char
acter i s t i c s for extreme l y  s hor t period s ;  howeve r ,  these chan g e s  o c curred at 
wid e l y  scat tered t.lach ant! cl- cond i t i on s , and they very se ldorn o c curred to
t;ether . They did n o t  c l us te r  arOtmd 0 . 9  i-1ach . I t  w a s  th i s fac t th at 
promp ted the author to postu l ate that the 0 . 9  !· lach " g l i t ches" are n o t  r e l a t eJ 
to t l lu se which o ccur at the " s epara t i on" (da shed ) boundar y .  

1\i th the knowl edge from the pres s ure t ap s  an d tufts that a maj or ch ange 
1 n f l o w  o ccurs a t  approximate l y  • 7 � tach Numb er ; data man euv ers were p l ann ed 
on f l ight 1 3  to inves t i gate t he resu l t ing effect on the s t ab i l ity d er iv at iv e s .  
To accomp l i sh thi s ,  rudd er and a i l eron doub l e t s  were performetl at the s ame 
ang l e  o f  a t tack thru th i s  � ta ch range . F i gure 6 presen t s  t he re su l t ing Cn • 

Not e  that, as �1ach Numb er exceed s • 7 3 ,  a s t ep decrease in Cn A o ccur s .  1l1 if 
uni que use of the pres sure and tuft info rma t i on to gain ins'lg ht in to the 
test c onduct and ana lys i s  o f  a ir craft stab i l it y  speak s  we 1 1  for t h e  X-24 B 
instrumen tat ion sy stem and the a i rcraft i tse l f  as a research veh i c l e . 

I t  i s  c onc l uded from the i n fo rma t ion presented above that a more 
detai l ed s tudy of the two phenomena ,  with emph as i s  on the i r  cau s e s  and 
effect s ,  shou l d  be conducted by the F l ight Dynam i c s  L aborator y .  
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Flt B - l. 3 -2 4  111 i nd Profi  l e i"  
h y  

D e n n i s  J Pe nka , C a p t  

S evera l p i lot comme n t s  \.J e re ma d f-'  d u r i n g  the pow e rP d  b o o s t  p o rt i o n  of t h i s  

mi s s i o n co ncerning w i nd ups e t s .  [xa m i na t i o n of the J i ms � 1 e re s i d ew i nd p rof i le 

( F i g  l )  show s seve ra l  w i nd s h i f t s  w i th a lt i t Ltde . A s  reported pre v i ous l} , 

RiJ w i ns o n d P  d a ta d o  not s h ow th e s e  c ha nge s . C ompa r i s rm of the c omp u t e d  p ro f i l e 

w i th t he J i ms ph e re pro f i le wa s good ( F i g  2 ) . A d d i t iona l ly o n t h i s  f l ight a w i nd 

p rof i le i n  the a i rc ra ft ' s  vert i c a l p la ne wa s a ls o comput e d  ( a n  � -d i s turba nce 

prod uc i ng c omponent ) wh i ch compa re d we l l  w i th the J ims phe re d a ta ( F i g  3 ) .  

A t ta ch e d  i s  a memo summa r i z i ng the w i nd d i s t urb a nce i nve s t i ga t i o n wh i ch wa s 

d i s t r ibuted here i n  the Pe rforma n c e  & F ly i ng Qua l i t i e s  Bra nch . 
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X-24B Wind-induced Sideslip Dis turbances 

During the powered boos t phase of several X-24 mis sions , the tes t pilots 
, had commented on uncommanded lateral-direc tional dis turbances . This memo 

summarizes the results of  an inves tigation to determine if these ups ets were 
the resul t of  wind dis turbances . 

Part of  the normal X-24 flight  operation calls for the launch o f  a 
Rawinsonde weather balloon during the miss ion in order to ob tain cur rent 
upper atmosphere data , including winds . Ini tial efforts in this inves tiga
tion attemp ted to correlate wind shifts in the Rawinsonde data with the un
commanded aircraft dis turbances . A computer pro gram was wri tten to extract 
a s idewind (8-producing) vs altitude pro file  from f light  measured parameters 
by comparing tes t  vane measured 8 to a comput ed 8 and a ttributing any dif
ferences to wind effects . In addition , the program computed the sidewind vs 
altitude profile from the Rawinsonde data for comparison. Figure 1 is typical 
of the results ob tained from this comparison. As can be  s een , there is very 
littl e  correlation between aircraf t upsets ( indicated by abrup t changes in 
the computed wind pro file) and the Rawinsonde wind data . However , when s ide
wind pro files were computed from ascent and descent  data through the same 
altitude band for a flight , they were in good agreement (figure 2 )  indicating 
tha t wind dis turbances may be present  tha t  were no t being shown in the 
Rawinsonde da ta . Subs equently , radar tracked Jimsphere balloons were us ed as 
an additional , and more accurate source o f  wind data . As can b e  s een in 
figure 3 ,  correlation between the computed and the Jimsphere profiles was 
good , wi th b o th showing abrupt wind shif ts wi th al titude ,  while  the Rawinsonde 
data did no t exhibi t  this b ehavior . The flight  from which these  data were 
taken was one on which the pilo t reported s everal aircraf t upsets during the 
boos t .  

Summarizing the primary results of  this inves tigation:  

1 .  The reported ups ets o f  the X-24B during the powered boos t phase were 
attributed to ab rup t  wind changes wi th al ti tud e .  

2 .  Rawinsonde wind data provide average wind values over intervals o f  
approximately 1 , 000 f eet  which do not reflect higher frequency wind changes . 
Radar tracked Jimsphere balloons provide a better picture of the winds over 
smaller al titude increments . 

3 .  The response o f  an aircraft  (or lack of  respons e) to these ab rup t 
wind changes depends upon the rate of  c limb ( frequency o f  the dis turbance) 
and true airspeed (magnitude of the result ing 8-dis turbance) and their 
relationship to the aircraf t ' s  lateral-direc tional dynamics . The manner in 
which the aircra f t  exhib its the dis turbance depends on its dynamic properties 
i . e . , an aircraft with a high �/8 (high Ci ) will respond primarily in roll 
with an abrupt wing drop . 8 



4. These dis turbances may effect fligh t  tes t data if  they are en
countered while performing a dynamic tes t maneuver even though the pilot 
may no t feel the dis turbance .  

, In addi tion to the above , some work has been done in at temp ting t o  extract 
wind components in the vehicle ' s vertical plane from dif ferences between 
measured and computed angle of attack. We have had some success in generating 
wind profiles in this plane which correlate well wi th Jimsphere balloons data . 
If i t  is possible to ob tain good s ide-wind and vertical-wind profiles from 
on board data then a complete wind profile wi th alti tude can be  computed by 
assuming that the wind blows parallel to the earth plane . 

It is hoped that our experience with this prob lem will benefit  o ther 
flight test programs . 

�� nf� 
DENNIS � PENKA 
Cap t ,  USAF 
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Appendix 

This appendix summarizes the computation scheme used to extract  the 
sidewind profile . 

e = 

sin 
[ 

s + c Yc; 
a 

0 a 

{ cos e s in cp 

+ c Yc; 
r 

o
r] 

- s in e 

(EQN 1) 

· The side force equation of  motion (EQN 1) is numerically integrated to 
provide a computed value of S ( S  ) as a func tion of time.  Fligh t-measured 
parameter values are us ed in thecequation including actual boom measured S 
(S ) .  The difference between measured and computed s ides lip over each 
infegration increment is attributed to a wind dis turbanc e .  The magnitude of  
the wind dis turbance  for  that increment (�v)  is computed us ing equation 2 .  

�v (E9N 2 )  

The convention us ed is that positive v produces pos itive S .  
These sidewind velocity components are summed t o  produce a net s idewind 

component (v) which is presented as a func tion of al titude . The Rawinsonde 
and Jimsphere winds are s tored as a function of altitud e in earth axes. The 
si.dewind component  from each of these profiles is computed by a matrix 
transformation from earth to body axes using the vehicle E .. d er angles and then 
presented as a function of pressure al titude for comparison wi th the com
puted winds . This method of  comparison was s elec ted as b es t  sui ted for our 
s tudy and is equivalent to a comparison in ear th axes s ince the vehicle is 
flying wings-level on a cons tant  heading.  
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B - 1 3 - 2 4  P o s i t i o n  E r r o r  
b y  

D e nn i s  J .  P e n ka , C a p t  

P o s i t i o n  e r r o r  d a t a w e r e r e d u c e d  f o r  F l t  B - 1 3 - 2 4 i n  
t h e t r a n s o n i c  a n d  s u p e r s o n i c r e g i o n s . T r e n d s i n  t h e s e  
d a t a  w e r e s i m i l a r  t o  t h o s e  r e p o r t e d  f o r F l t  B - 9 - 1 6 , i . e .  
t h e a c c e l e r a t i o n  a nd d e c e l e r a t i o n  p o i n t s  w e r e s h i f t e d  
r e l a t i v e  t o  e a c h  o t h e r  ( f i g 1 ) . T h i s  e f f e c t  wa s a t t r i b u t e d 
ea r l i e r  t o  p r e s s u r e l a g s i n c e t h e  a c c e l e r a t i o n  p o i n t s  w e r e  
ob t a i n e d  i n  a c l imb a nd t h e  d e c e l e r a t i o n  p o i n t s a t  a h i g h 
r a t e  o f  d e s c e n t . I n  a n  a t t em p t  t o  v e r i f y  t h i s ,  a l a g  
c o n s t a n t wa s c o m p u t e d u s i n g  r a d a r Truc k i n g  d a t a a n d  a 
l a g c o r r e c t i o n  wa s a p p l i e d  t o  t h e  p o s i t i o n  e r r o r d a t a . 
A s  s h o w n  i n  F i g u r e 2 ,  c o r r e c t i n g  f o r p r e s s u r e  l a g  t e n d ed 
t o  g r o u p  t h e d a t a  t o g e t h e r  t h u s  s u p p o r t i n g  t h e c o n t e n t i o n  
t h a t p r e s s u r e  l a g  e r r o r  wa s c a u s i n g  t h e  d a t a b i a s  n o t e d . 

T h e  p o s i t i o n  e r r o r  c u r v e  i n  u s e  f o r d a t a r e d u c t i o n  
ha s n o t  b e e n  r ev i s e d . I t  s h o u l d  b e  n o t e d t h a t t h e  c u r v e  
u s e d i s  e s s e n t i a l l y  a z e r o  r a t e  o f  c l imb c u r v e  ( n o p r e s s u r e  
l a g  e f f e c t ) . P r e s s u r e l a g  e r r o r  i s  n o t  c o r r e c t e d f o r  i n  
t h e  c u r r e n t d a t a r e d u c t i o n  p r o g r a m . 
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W e i g h t  a n d  B a l a nc e  
b y  

D e n n i s  J . P e n k a , C a p t 

F o l l o w i n g  F l t  B - 1 3 - 2 4  a c h a n g e  wa s ma d e  t o  t h e  b a t t e r y  
c o n f i g u r a t i o n  i n  t h e  n o s e o f  t h e  a i r c r a f t  t o  p e r m i t  a d d i t i o n  o f  
a f i f t h ( em e r g e n c y )  b a t t e r y . A s  a r e s u l t o f  t h i s  c h a n g e  t h e  
a i r c r a f t  wa s w e i g h e d  a n d  t h e  X - C G  l o c a t i o n  c h e c k e d  p r i o r t o  
F l t  B - 1 4 - 2 5  i n  o r d e r t o  v e r i f y  t h e  va l u e  u s e d  i n  t h e  we i g h t  
a nd b a l a n c e c om p u t a t i o n . A s  s h own i n  t h e  a t t a c h e d  t a b l e , 
a g r e em e n t b e tw e e n  c o mp u t e d a n d  m e a s u r e d v a l u e s  wa s s u r p r i s i n g l y  
c l o s e . H o w ev e r , i n  p r e p a r a t i o n  f o r  c o m p u t i n g  v a l u e s  p r i o r  t o  
t h e  w e i g h i ng a n  e r r o r  wa s f o u n d  i n  t h e  X - C G  v a l u e  o b t a i n e d  
f r o m t h e  l a s t  X - 2 4  w e i g h i n g  ( 1 8 S e p 7 3 ) . Ti i s  sma l l  e r r o r 
wa s pr e s e n t  i n  a l l  X - C G  v a l u e s  c om p u t e d  f o r f l i g h t s  f r om 
t h a t t ime t h r o u gh B - 1 3 - 2 4 . I t  i s  p o i n t e d  o u t  b e c a u s e ,  a s  
c a n  b e  s e e n  i n  t h e  t a b l e ,  w i t h  6 b a l l�s t  p l a t e s  i n s t a l l e d  
f o r  F l t  B - 1 4 - 2 5  t h e  X - C G  w i l l  b e  i n  t h e  s a m e  c o m p u t e d  l o c a t i o n  
i t  wa s f o r t h e  p r e v i o u s  m i s s i o n , h o w e v e r , when t h e  c om p u t a t i o n a l 
e r r o r  i s  c o r r e c t e d  t h e r e  i s  a n  a p p a r e n t  a f t  m o v em e n t o f  th e C G . 
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Ju l y  1 1 ,  1 9 74 

TO :  DOEER 

FROM : W .  B .  ARNOLD - TH I OKOL 

SUBJECT : Pr o pu l s i o n  S ys t em o per a t ion F l i gh t  B - 1 3 - 2 4  

SUMMARY OF ENG I NE OPERAT I ON 

1 .  No pr e l a u n c h  i gn i t er t e s t w a s  ut i l iz e d . 

2 .  The s t a r t  o f  # 1  a nd #3 ch ambers w a s  norma l .  

3 .  The #4 chamber s t a r t  w a s  norm a l bu t t he # 2  chamber s t a r t  was 
d e l a ye d  a p pr o x im a t e l y  o ne s e co n d . 

4 .  The t r a n s f er i n t o  overdr i v e  wa s norma l w i t h  a l l  pr e s s ur e s  
o per a t i ng cor r e c t l y . 

5 .  E n g i n e  s h u t d ow n  w a s  a c comp l i s he d  i n  o v er d r i v e  a nd w a s  norma l .  

D I SCU S S ION 

I ns pe c t i o n  o f  the # 2  chamber prope l l a n t co n t r o l  va l v e  s ys t em 
i nd i c a t e d  t h a t t h e  lox d e l a y  check va l v e  wa s f low ing 46 , 000 c c /m .  
The norma l r a t ed f low o f  th is or i f i c e  i s  7 2 , 000 c c /m .  Th is low 
f lowr a t e  exp l a i ns t he one s e cond d e l a y  in t h e  chamber s t a r t . The 
chamber pr e s sure excurs ions a r e  s im i l a r  to pr e v ious rough s t a r t s  
a nd a r e  s t i l l  w e l l  w i t h i n  t h e  pr e s s u r e  l im i t s  o f  t he ch am ber . 

A l l  o t h er por t i ons o f  the propu l s i o n  s y s t em o per a t e d  sa t i s 
f a ctor i l ly dur i ng th is f l i gh t . 

CORRECT I VE ACTION 

1 .  Remov e  a nd r e p l a ce the # 2  chamber lox d e l a y  check v a l v e . 

2 .  I ns pe c t  t h e  #2 ch amber fue l va l v e  h ydr a u l i c  a c cumu l a t o r  
f o r  pos s i b l e  lea ka ge . 

c c : N ,  DeMar 

J .  Ko l f  
TC -E l k . 

W .  B .  ARNOLD 



Technical Debrief 

Flight B-13-24 
28 June 1974  

John Manke Pilot 

1.  Discuss the engine light sequence and any associated trim changes . 

Answer :  
The sequence was one and three , and boy they came up as fast as I ' ve ever 

seen two chambers come up . And then two and four , and four come on j ust a 
little bit before two did . I didn ' t  feel any roughness in it that I could 
tell . I j ust noted that two came up a little bit slower than four . I didn ' t  
notice any trim changes .  

2 .  Discuss the handling qualities during the rotat ion . Rate pitch and 
lateral direct ional . 

Answer : 
As we mentioned before its j ust a little bit looser in pitch than the 

simulator is 1 part icularly as the Mach number gets up above . 8 .  In the 
simulator you could probably hold alpha within about a plus or minus a quarter 
degree pret ty easy by trimming and it looks like in this thing it runs a half 
degree to a degree , unless a guy could j ust  concentrate completely on it and if 
you take your eyes off it too long it seems to drift  a little bit on you , so 
it ' s  not quite as solid as the simulator . Pitch - I ' d  rate as a three and 
lateral-directional as a two . Now lateral-direct ional task is almost a zero 
task we don ' t  spend any time worrying about it , It ' s  all done peripherally ; 
it ' s  no problem. 

3 .  a .  Discuss the task to maintain 40° 8 and rate . 

Answer : 
OK ; maintaining 40° 8 was pretty easy . I thought that I did reasonably 

well at it . I also felt that I had some time to get off  8 and look at some 
other things . I had a couple of  cross checks during the cons tant 8 port ion . 
Although I think if  I spent any more than a second or two off  8 it would 
probably drift  a little bit . You get the impression that it would like to 
drift a little bit on you but if you do keep a pretty tight loop on it why its 
not a very difficult task . I ' d  probably rate it about a 2 1/2 . 

3 .  b .  How did a to maintain 8 compare with the simulator? 

Answer : 
It looked pretty darn good . I noticed even in the simulator there was 

a rather transient period where it went from 12° to 13° and it really all 
depended on exactly when I looked a t  i t . I t  was very t ime dependen t if  I 
wanted to compare the simulator with the airplane that ' s  what I 'm saying . 
The time that we had allotted to do this was rather early in the constan t  8 
portion so my impression was that it was running j ust  about on alpha maybe 
a half degree less on alpha than we had seen in the simulator . I f  anything 
at all .  



4 .  Discuss the handling qualities above . 85 Mach number at 12° a with power 
on . Rate .  

Answer :  
This is the area that I really wanted to look at and I hoped for some 

steady state stuff but boy I got so darned many turbulence inputs it was 
difficult for me to sort those things out from the airplane itself . There 
was no question in my mind that the airplane was loose in Yaw .  I ' m talking 
about three degrees sideslip but it felt that it was looser here in 12 than 
I ' d  experienced at 10 .  As far as the recovery on this sideslip I felt that 
I got the "Penka" (No te : Wind caused upsets formerly called clurds )  j ust  
about the time I was interested in looking at recovery and that seemed to  
aid the recovery . I think we  really need to look at the d ata  and see  if  it  
had s tarted back by  itsel f .  Although I didn ' t  feel at anytime that it was 
going out at a rate that required any pilot input at that time . I was pre
pared to let it go out to about 4° before I was going to start back on it . 
During one of the portions at this time I saw at least 3 1 / 2  and I think 
thats about what we showed up there . Now this is a difficult one to rate 
because if I were trying to fly at 8 sideslip thing it would be a pretty 
difficult problem . But if I 'm j us t  sitting there and watching the sideslip 
I ' m not really controlling to it . So its  difficult to rate but I think we 
ought to rate it anyway because we ' re talking about the airplane itself and 
this definitely falls down in to this"deficiencies that warrant improvement " 
so you ' re talking about a 3 . 5  to a 4 .  Just  from the standpoint-that here 
again my back ground brings this rating lower than it really should too with 
a little more experience in the airplane you might not worry about it . 

5 .  a .  Discuss the handling qualities above 1 . 0  Mach number at 5° a with 
power on . Rate . 

Answer : 
As I mentioned before in p itch its a real solid airplane . The pitch 

sensitivity of course changes considerably with Mach number in this area its 
real solid and again supersonic lateral-directional is super on this airplane . 
I t ' s  j ust  at least with the damper set ting-here again we ought to start think
ing about running our damper gains down and see what the basic airplane looks 
like-but with the damper settings we ' ve got in pitch and roll why its j ust a 
real solid airplane . As you can see on supersonic rudder pulses why there 
wasn ' t  hardly any motion at all . OK item 5 a ,  I ' d rate as a two . 

5 .  b .  Compare the Vehicle ' s  response to the Mach 1 . 15 doublets (power on) 
at 5° a with the simulator . Rate . 

Answer :  
I thought it was very much like the simulator , very close response . 

rate again at two and the same thing would be said of  the 1 . 3  doublet . 
simulation is excellent in this area . 

5 .  c .  Omitted . 
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6 .  a .  Discuss the performance aspects of the boost . 

Answer : 
As I mentioned before it was almost identical to what we saw in the 

simulator this morning with the winds that Dave had put in this morning . My 
time to 8 was forty-two seconds and thats what its been running in the simu
lator lately . The fifty second check was precisely what I ' d  seen in the 
simulator this morning . The Mach number I had at 5 7 , 000 feet was j ust what 
I ' d  seen in the simulator and the shutdown time was a hundred and seventeen 
seconds which was exactly what we had in the simulator . So j ust  from what 
I saw this morning without looking at it closer I would say this is  the closest 
simulation in performance that I ' ve ever experienced on a lifting body . 

6 .  b .  Discuss the trim changes at engine shutdown . 

Answer :  
I couldn ' t  determine any trim changes .  I t  might have bobb led alpha a 

little bit but the deceleration was very apparent to me this time and I think 
I might have bumped the stick as I went forward in the strap s .  

6 .  c .  I f  not previously covered , discuss the roll task during the boost with 
respect to two hands , roll trim ,  resulting sideslip . Compare to simulator . 

Answer :  
OK , I used my two hands bit again . But I really didn ' t  seem to have as 

much roll miss trim as I ' ve had before . I didn ' t  even notice it . I don ' t  
recall putting any roll trim in . The sideslip that we ended up with was very 
much like I ' d  seen before in fact I got the impression it was j ust a bit 
higher on this flight . The roll task is very simple on this airplane its so 
simple that we don ' t  even spend any time on it . We ' ve rat ed it a two con
tinually and it doesn ' t  compare well with the simulator , the simulator 
doesn ' t  show this lef t sideslip at all . 

0 7 .  Compare the Vehicle ' s  response to the doublets at 5 a (Mt=l . 3 ) after 
engine shutdown with the "power on" doublets .  Compare to simulator and rate 
the handling qualities if possib le . 

Answer :  
I don ' t  remember it well enough I can ' t  remember any difference . Things 

were happening so fast I j ust  don ' t  remember . Obviously there was nothing 
that got my attention . The handling qualities after burn out about a 2 . 5 .  
The only thing that makes it a little more difficult there is the deceleration 
and you ' re up against the straps and it was j ust  a little bit of a surprise . 

8 .  Discuss the pitch pulse (SAS off)  at 1 . 25 Mach number at 8° a with respect 
to the vehicle response to pulse as compared to simulator . 

Answer :  
As I mentioned before the airplane is well damped with the pitch damper 

off . I ' d  estimate it at 1-1 1/2  cycles to half amplitude and guess the data 
shows about two . I think it compares very much to the simulator I think the 
simulator runs about two cycles to half amplitude . Very good comparison . I 
popped it a little bit too hard unfortunately I probably got plus or minus 
about 2 1 /2  degrees , 2 1 / 2  to 3° and I was hoping for about 2 but once you ' ve 
hit it why its all too late to change it after that . Really good in pitch . 
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9 .  Discuss the handling qualities while decelerating from Mach 1 . 1  to . 65 
at 8° a .  Rate . 

Answer : 
Well , I can ' t  really discuss handling qualities because it was j ust  like 

a machine ; bang-bang and bang-bang . As long as Mike was happy with where we 
were going why I was too . My main task was maintaining angle of · attack and 
j ust like in the simulator it  takes a lot of trimming that-the airplane is 
Mach sensitive in pitch-so if you ' re really trying to hold an angle of attack 
and you ' re decelerating rather rapidly it takes some trimming . And I also 
noticed some coupling and I was probably doing it . It  seems to be some 
coupling even with the rudder pulse ; a little coupling in pitch . And then when 
you couple in aileron you can ' t  really say whether its the aileron doing it 
or whether its you on the stick , ok . But there seems to be a little pitch 
coupling even with rudder here , so you do  a rudder pulse and I ' d  retrim on 
angle of attack and then do an aileron . So I tried to retrim in between each 
pulse , to try to get it back to an angle of at tack . So you ' ll see angle of  
attack move around a little bit in  this area . OK very little change in effec
tiveness , the change that you ' re going to see is me deciding I 'm kicking it 
too hard and go ahead and ease off a little bit and then I got right back into 
the hard kicks again from an airplanes response why there ' s  no big change from 
a 1 . 1  pulse all the way down to the . 6 .  But we ' ve got very high damper gains 
here and that probab ly explains a lot of it . That ' s  right I ' ve not been able 
to pick these levels out nearly as well on this airp lane that ' s  because this 
airplane flies really nice in a transonic region , in the X-24A we have the 
subsonic ,  transonic and supersonic . In the transonic it was pretty crummy 
so it gave you a good picture of it  each t ime you went thru it , this air
plane isn ' t  like that it isn ' t as different as night and day like the other 
one . I ' m sure if you look at  the pulses here which I haven ' t  done quanitively 
but I didn ' t  see much difference all the way down from the 1 . 1  all the way 
down to . 65 .  And from a task stand point it  was strictly a pitch task trying 
to hold an angle of at tack and I ' d  rate that probably at a 2 1 / 2  to 3 .  And 
man I was booting the airplane a lot too you know so any airplane in the 
world is going to find a tough j ob doing what you ' re asking it to when you ' re 
kicking it  as hard as we were kicking it . The M2 in a situat ion like that , 
you would have been a tiger by the tail , kicking it like we were kicking this 
thing . 

10 . Discuss the energy management from the "intersect ion to low key" . 

Answer :  
OK we did it here j ust like the simulator . This was an unusual pattern 

we came through the intersection with very high airspeed and a high rate of 
s ink and actually a pretty low altitude . The plan was to get that . 65 pulse 
and then pull up to (I was using 13 to 14 in the simulator) 14° angle of attack 
pull right on up to that , let the airspeed bleed down and as soon as it hit 
. 6  to close it  up and then fly a fairly high Lift over /Drag until we got back 
up on a r�<\;onable profile agai·n . Today it worked j ust like we had planned 
in the simulator • . Here again is  where the simulator is such a valuable too l .  
Mike had conditioned himself to the fact that I was going t o  go quite a bit  
beyond the intersection and have to turn back and in other days that would 
have been a no-no but we ' d  had so much practice at it that he was prepared to 
give me a heading you know 340D or whatever it took to get back . So there was 
j ust  no panic inv6lved and it worked out real well . The airplane handled 
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j ust like the simulator we came up to angle of at tack killed off the airspeed 
and got back up and on the profile again and I think we ended back up on the 
profile coming down the downwind leg . 

11 . Discuss the pattern . 

Answer :  
The pattern I felt a little bit close then when I looked out I didn ' t  

look out until I called the highway . I looked out and I fell in a little 
bit close but I think the reason for that was that I was actually 
heading in towards the runway a little bit . I hadn ' t  gotten back to a 360 0 0 heading . So I probably had a 10 to 15  left of north . I felt that I had 
an excess of  energy at that time but instead of using speed brakes then I 
j ust  let the airspeed run up . This pattern was a higher airspeed pat tern 
all the way around than I ' d  f lown before . I had a good 250  or 260 at the 
90° position and hit about 280 quite a bit  before I got to the final straight 
in . Then it came right out on 290 and I flew a 290  knot approach from prob
ably 8 , 000 or 9 , 000 feet all the way down to flare and the airspeed dropped 
out two or three knots right down close to the ground . So it was good solid 
290 approach and a real comfortable pattern . It ' s  a real nice airplane 
there . I called out a little bit of turbulence at-I don ' t  know-3 , 000 feet . 
Not much j ust  felt a bobble in the airplane , Dana said he didn ' t  feel it . 

12 . Discuss the landing and roll out . 

Answer :  
The landing was a nifty one . I had plenty of time after flare and I sat 

and waited for 240 on the rear and even after that it  seemed like I had quite 
a bit of float . So I could sit there and make real small adj ustments all the 
way down and the touchdown was real soft . Probably as soft a one I ' ve had so 
far . It  seemed I got one wheel first I don ' t  remember which one . The nose 
came thru like gang busters again-really drops thru . Roll out was straight . 
I wouldn ' t  have to put one correction in there for directional control but I 
did anyway . I j ust put in a little aileron there to see if I could move it 
right a little b it and then I used some steering and fooled around a little 
bit . Moderate braking from about 80 knots  and then down . One of my best 
flight s eve r .  

5 



X- 24B OPERATIONS FLIGHT FEtDh� 

FLIGHT : ________ B_-_1_3-_2_4 ______________ _ DATE OF T\l:�.r\'1-. 8/20/74  

PILOT : John Manke DATE OF FLIGHT : 6/28/74  
---------------------------------- ---------------------

CARRIER AIRCRAFT : B-5 2  #008 LAUNCH LAKE :  Rogers Lakebed 

PURPOSE OF FLIGHT : ( 1 )  Envelope Expansion to 1 . 40 Mach Number . 

( 2 )  Stability and Control at Mach Number > 1 . 0 and 5 °  a .  

( 3 )  Fin ,  Rudder and Flap Pressure Survey 

(4 )  Boundary Layer Noise and Vibrat ion Experiment (RED PLUG) 

I .  Discussion of Previous Operat ions 

Engine operation during flight B-12-23 was normal . 

I I .  Vehic le Configuration Changes 

There were no changes . 

III . Instrumentat ion Changes 

1 .  The # 4  chamber pressure and # 1  hydraulic pressure transducers were 
rep laced . 

2 .  The # 1  T/M transmitter and RF cab les to the multicoupler were replaced . 

3 .  The system # 2  subcom was replaced . 

4 .  Calibrated the # 3  and # 4  transducer boxes . 

5 .  Installed series regulator to regulate voltage to dynamics sys tem .  

6 .  Rewired "calibrate" j unction to derive power from higher rated fuse . 

7 .  A periodic inspection was performed on the boomhead . The bearings 
on the alpha vane were replaced . 

IV . Preflight Events 

All functionals were accomplished without incident . 

V .  Flight Events 

1 .  Flight servicing activit ies were normal until a call came from center 
scheduling that they had scheduled the YF-16 with T/M frequency of 

B-13-24 
Page 1 of 2 



1442 . 5  Hz at the same time as the X- 24B . 
found no interference , so we cont inued . 
flight with the T/M . 

We checked our signal and 
No problems were noted during 

2 .  The pilots suit vent hose came lose at the start of taxi , but he was 
able to reconnect it with no trouble . The suit worked properly during 
flight . 

3 .  The # 2  chamber start was slower and rougher than normal .  Once stab
ilized , engine operat ion was normal . 

4 .  The alcohol j ettison valve did not open on the p ilots f irst switch 
operation . The switch was recycled and the valve operated . 

5 .  The vehicle was in good shape following the flight . 

Approved by :
· -;r/ � w[ifi;m P .  Albrecht 

Chief , Operations 
Engineering Branch 

Writ ten 
. · "1 

by /71� ·Lrt.r� 
N6'rman E .  DeMar 
X-24B Proj ect Engineer 
Operat ions Engineering Branch 
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POSTFLIGHT : 
PILOT : 
DATE : 

B- 13-24 
J. Manke 
June 28 , 1974 

OK, thi s is Flight B-13-25 . Boy , it was a real beauty . It was one of 
the best I have ever had in a lifting body .  All the prelaunch stuff 
went real well . My suit vent connection came loose  about the time we 
taxiied out . I turned the vent up pretty high , but it slipped back on, 
I put it back on and it stayed on for the rest of the flight . I think 
it might have a bad "0"  ring or something . I told him about it . Take 
a look . B- 52 got hi s altitude nice and early . 

OK, that ' s really super cause we had 45 , 000 ' before we even turned at 
8 minutes  there . That was really great , a little over 200 knots .  I 
think he almost went to 46 right before he started the turn . OK, that 
was great . That really makes it a lot ni cer . 

OK, the launch was very normal for this airplane . Number l and 3 cham
bers came up as quickly as I have ever seen l and 3 come up . The first 
one , the pump started,  it was a soft light . Then hit 2 and 4 and 4 
came on noticeably earlier than 2 and I had an ugly thought come across  
my mind that I was going to  fly another 3 chamber flight . Then No . 2 
came up . It was probably one l/2 s econd or something , but it seemed 
like a longer . Then , from there on the engine performance was 
tremendous .  OK, it was a good rotation at 15 a .  I find it a little 
more difficult to hold 15 a in the airplane than in the simulator . I 
slipped down to 14 every now and then and maybe hold it within plus or 
minus l/2 degree . But it takes a little bit more attention than it 
indicates  in the simulator . Parti cularly so as the Mach number gets up 
during the rotation . The Mach number gets close  to . 9 in the rotation 
and at the higher end it seems to be just a little bit looser in 
pitch . No real problem .  40 ° theta was , - let me back up a little bit . 

Overdrive came on at 30 seconds and once again I could feel it . No 
different in level than on the 3 chamber ,  I couldn ' t  tell , but you 
can definitely feel it  come on . It i s  a good feeling . 

40 theta came at about 42 s econds . Flight plan called for it at 40 
but the last few days in the simulator it has been coming at 41- 42 , 
so  I thought that our match on theta was very good . Somewhere during 
the rotation we got a few what we call "penkas " .  Those  are actually 
"klords " or for the uninitiated, when we hit levels of turbulence and 
we get inputs to the airplane due to turbulence . We call those  
"penkas" now because of the great work that Dennis has been doing 
along thi s line . He i s  going to be as famous as Mach some day . Any
way , a few of those . One of them in rotation looked like it swung the 
beta out to somewhat over 2 ° ,  2-l/2 ° to 2 ° .  Then all the way on up 
probably got 4 or 5 of these  and I think I saw at least 3 °  and maybe 
a little bit more in sideslip . I think one time was before the 
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transonic area and the other time was during this 12 ° a area . 

OK, backing up a little bit , we had a 50 second check and Mike called 
50 seconds and the airplane was just preci sely like I ' d  seen in the 
simulator thi s morning . By the time I look at the clock and look at 
the altimeter , why the altimeter is  supposed to be coming thru about 
300 ' below 50 ,000 and there it  was , and my Mach number was right on 
. 78 or . 79 as I had seen in the simulator . So that was a perfect 
check . 

Pushover , I pushed over at 57 , 000 on my altimeter , my Mach was about 
. 84- 5 ,  just a little short of . 85 and I had seen that on the simulator 
thi s morning . 

Went to 12 a and unfortunately I was , - quite a bit of turbulence in 
this  area , some "penkas" where I didn ' t  reall want them.  I really 
wanted to look at this 12 ° area in the transonic region because  thi s 
i s  where we s ee the sideslip move out on us some . It  got out to as 
much as 3 °  once or twi ce ,  and I wanted to see if it was going to re
cover by itself and I had not put any rudder inputs in , and about 
the time that I felt I was getting a good look at it I ' d  get a tur
bulent type input and it would swing it out and swing it back in 
again, so it was a dynami c recovery on the darn thing , and I could not 
tell whether the airplane was doing it or whether these turbulence 
upsets were doing it . So I did not get a real good look at it , al
though the beta excursions look like its another degree , degree and a 
half at 12 a from what we s ee at 10 ° .  So if the trend would continue 
up , why we could get some pretty good betas on the thing . I think 
12 i s  about all we will need to go anyway for performance in this area . 

OK, I saw the Mach jump ,  held it a little bit longer at 1 . 05 and 
pushed over to 5 a ,  and you can tell the difference in pitch sensitivity 
once she goes supersoni c .  

Let me back up a little bit again.  Mike mentioned in his last flight 
he felt a little buffet in the transonic region just before going super
soni c .  I felt it thi s time also . It is a little bit different than 
the X-24A used to feel . The A model was a little bit squirrelly con
trol system wi se  until we got supersonic and then it would very 
definitely change . I can ' t  tell much difference in the controlability 
in this airplane , but there i s  a little bit of buffet and it seems 
to hang a little bit longer right in the transonic region . Then once 
it goes supersonic or once you get the Mach jump ,  why it smooths out 
and it flies pretty much like the A used to . And,  like the A, thi s  
thing has a considerably reduced longitudinal sensitivity once it 
goes supersonic .  This takes a lot more stick and a lot more trimming 
to change angles of attack . 



POSTFLIGHT : B- 13-24  - 3-

OK, the rest of it went j ust like we billed.  The rudder doublets and 
aileron doublets - did two s et s  of those  supersonic and they looked 
very much like the simulator . The timing was very good. I had time 
to look up and watch the Mach number come up to 1 . 4  and I shut it down 
when I saw about 1 . 41 or 1 . 42 .  We have a little position error in the 
airplane and I decided to let it go just a little bit beyond the 1 . 4  
t o  assure that I could get the 1 . 4 .  I was more aware o f  the longitudi
nal deceleration , I guess , this time than I had been before in the air
plane . Maybe it is because the accelleration is pretty good with the 
4 chambers going at 1 . 4  then just the sudden change here . I was very 
aware of going forward into the strap s ,  and I think I probably put a 
little pitch input as I went forward in the straps . But there still is  
not as much pitch change with thrust in the airplane as we are seeing 
in the simulator . 

OK, the doublets came right after shutdown, rudder and aileron , and 
they again looked like the simulator . It  seemed like it took me a 
little longer to get to g o  a than I had hoped it would, but we got there . 
Got the pitch damper off and my apologies  to Skip , I got a little bit 
to big a pitch input probably there . Once  you do it , it ' s  all done . 
It was a pretty good oscillation .  I probably had a ±2-1/2-3 °  on that , 
on a ,  and I had been hoping for a ±2 . Anyway , the damping and the 
period looked almost exactly like the simulator . Just like the run 
I had thi s  morning in the simulator . So , I think our dynamics are 
good there . This  airplane is really damped in pitch , supersoni c .  Time 
to half amplitude is  probably 1 cycle . Maybe ,  no more than 2 to 1/2 
amplitude and thats with the pitch damper off. So it is well damped 
supersonic . 

OK, then we did the push over-pull up . That went well too . I went 
down to about 3 °  a and coming thru g-10 it felt real solid so I went 
right on up to 14 ° about . So we should have gotten about 14 ° on the 
high end of the push over-pull up . Back on down to g ,  and it ' s  really 
a solid airplane in pitch . 

OK, at g o  angle of attack , got the KRA to zero and then we j ust started 
doing a whole series  of doublet s . I have no idea how many doublets 
we did from there on down to the intersection . A good many of them .  
I ' d  gues s  that I got 3 of them in  the transonic before I got the Mach 
jump and then a whole bunch more . Our energy was j ust exactly like 
we had seen this morning . We ended up on the simulator this morning 
come 2- 3000 feet low all the way down, and that i s  just about what we 
ended up with thi s  time at the intersection .  Mike ' s calls were really 
subperb and it  really helps when you get good calls like that , because 
I could relate to what we had seen this morning and the things that I 
did in the cockpit were a duplication of what we learned this morning . 
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G K ,  di d my last pulse at about . 66 indi cated, John . I guess  you guys 
never did get a call on the change ,  but on my Mach gage I was satis
fied that we had gone beyond your point . OK, was a good turn back 
to 340 . I was not aware that we were not getting any j ettison on the 
fuel . I could feel the valve at least one of the valves , open when 
I went to j etti son . I was a little surprised when we got the call that 
we had not j ettisoned fuel . But then when we did hit it the second 
time , why , Bill came out with a reall good call , that was a dru1dy . 

OK, everything else  was pretty normal . It was a real good pattern . 
I did not look out of the airplane from the time we launched until 
Mike called " going over the highway" . Here again , it is just the 
confidence that you have in the guys that are in the Control Room. 
OK, it was a real good pattern . I had a good solid 290 knot approach . 
It stayed 290 for the longest time and Bill was in there like a rock. 
We got a real good power check on the 104 . I think he called 92% 
and our airspeeds were checking within l knot indi cated. So that was 
a real good chase j ob and a real good check on our performance . It 
speaks pretty well on the big speed brakes on the 104 . That is about 
a 3 or 4% change in power that they require , so that is  just a lot 
of pad for a guy chasing something like this .  

OK, the flare was normal , gear down was normal and I was able to hold 
it off quite a while . I gues s  I touched down at 175 to 180 . It was 
really a nice feeling flying over the runway . The touchdown was 
very low sink rate . I gues s  somewhere around 2 '  per s econd. Somewhere 
in that ball park . Roll out was straight as an arrow . Seemed to be a 
little bit long . I did use some brakes at about 65 or 70 knots . 
Moderate braking on down . I would not have needed any steering at all , 
but I did play with the nose  gear steering just a bit .  I t was sure a 
dandy airplane . 

My hat ' s off to the crew . They came in about 4 o ' clock in the morn
ing to mate the airplane and those guys really do a fantastic j ob . 
Everything was ready to go and every system in the airplane was per
fect . For all the guys involved, thanks a whole bunch , and the Con
trol Room operation ; once again superb . I just don ' t feel that anyone 
can critize  an operation like we have been having up there . Good 
j ob by chase too , even though he was rather quiet today . That ' s  all 
I have . 

• 



FLI GHT : 
DATE : 
PILOT : 
B- 52 : 
LNCH PANEL : 
NASA 1 :  

24 Minutes 

MANKE : 

NASA 1 :  
· MANKE : 
NASA 1 :  
MANKE : 

NASA 1 :  
MANKE : 

NASA 1 :  

VI C :  
NASA 1 :  
22 Minutes  
NASA 1 :  
MANKE : 

NASA 1 :  
008 : 
MANKE : 
NASA 1 :  
MANKE : 

B- 13-24 P . E . : 
Jun 28 , 1974 ENG . START : 
J .  Manke TAXI : 
oo8 TAKEOFF : 
v .  Horton LAUNCH : 
Maj . Love LAND :  

OK, Mike , my SASA gains are 6 ,  5 ,  3 
Are you ready for a calibrate?  
We are ready 
Here it comes 

0820 
0845 
0850 
0900 
0957 
1005 

Good calibrate , John 
OK Mike , and I got 22 ,000 on the cabin, X-24 air about 
3050 

2 and 4 hydraulics 
Pumps coming on 
Pumps are on 
Low pres sure lites are out and I got about 3200 
Roger 

SAS mode switches are on and all the circuit breakers 
are in except vehicle release and brake 
Roger 
Vic ,  what is the cruise tank LOX quantity , please 
About 300 gallons now 
Roger 

22 minutes , John , 22 
OK, Mike , 22 minutes  
a reads about 3 °  
Airspeed 230 
Altitude 40 , 400 
Indicated Mach about 7 
Start your turn , 008 
008 
Mach repeater is auto 
OK, thank you John 
OK, Mach repeater i s  manual 
Set 1 . 0  
Trim about l 
Emergency flaps 

flaps coming open 
40 

20 and - 10 
Rudder mode going manual 
Toeing out 



FLI SHT : 

MANKE : 

NASA 1 :  
008 : 

NASA 1 :  
MANKE : 
NASA 1 :  
MANKE : 

Manke : 

NASA 1 :  
008 : 
NASA 1 :  

MANKE : 
VI C :  
MANKE : 

� - 13 - 24 

Back to z ero 
Back in 
7 ,  going auto 

Bias mode going back-up 
Cycle 
5 '  9 
Back to normal 
5 ,  that should be about 
Stick aft and trim 
Forward, aft 

7 

008, say your airspeed, please 
. 74 Mach 

214 
Thank you 
13 o ,  Mike 
Roger 
Aileron trim right 

Trim set z ero 
Rudder pedals , right 
Left 
Yaw trim 
Right/ left 
Set about l o left 
Steepen your turn , 008 
008 
Stop top- off 
Precool off, John 
Precool is  off 
Top- off stopped 
KRA is  50 
Right/left 
I got rudder 
Back to zero 
Right/left 
No rudder 
KRA emergency 

Rudder , left/rudder 
Auto 
Program 
Sti ck shaker test 
Good , and it ' s  on 
Mach repeater is  manual 1 . 0  
Flap mode manual 
Rudder mode auto 
SAS servos are auto 

- 2-



FLIGHT : 

MANKE : 

NASA 1 :  
MANKE : 
NASA 1 :  
MANKE : 
NASA 1 :  
il:.7 Minutes  
NASA 1 :  
MANKE : 
CHASE : 

NASA 1 :  
16 Minutes  
MANKE : 
NASA 1 :  
VIC :  
NASA 1 :  
1 5  Minutes  
MANKE : 
NASA 1 :  
14 Minutes  
MANKE : 

NASA 1 :  
MANKE : 
NASA 1 :  

008 : 

B- 13-24 

5 ' 5 ' 5 
Here comes the old SMRD 
Lites are off 
A torque 
3 yellows 
Servos are off 
A torque 
3 reds 
SAS gains are 6 ,  5 ,  3 
SAS auto 
Lites  are reset 
Torque , no lights 

-3-

OK,  John , we  are approaching 17 and pylon loads are good 
Outstanding , Mike 
A little forward trim,  John 
How ' s that? 
Little more 

17 minutes  
OK, 17 minutes  
A little more forward 
That ' s  good 
Left roll trim 
A little more 
That ' s  good 
Little left rudder trim 
One more 
That ' s  good 
Roger 
16 minutes , John 

OK, Mike 
Vic will you give us LOX quantity in the cruise  tank? 

Roger , 15  minutes , John 

OK, Mike 
14 minutes , John , 14 

OK, Mike 
l and 3 pumps 
2700 
Roger 
And we · are ready for pitch and yaw pulses 
Roger 
OK, you can go ahead and give us a pitch and yaw pulse 
Roger , pitch pulse coming in 



FLIGHT : 

NASA 1 :  
008 : 
NASA 1 :  
MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 

NASA 1 :  
12 Minutes  
MANKE : 
NASA 1 :  
MANKE : 
NASA 1 :  
MANKE : 
NASA 1 :  

MANKE : 

NASA 1 :  
10 Minutes  
MANKE : 

NASA 1 :  
MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  
008 : 
9 Minutes 
NASA 1 :  

8 Minutes  
NASA 1 :  

? 
NASA 1 :  
Manke : 

B- 13-24 

Good pitch pulse 
Yaw pulse 
Good yaw pulse 
Everything looks good here 
Roger , and you can get the erect switch and fast erect 
if you want 
OK , erect switch erect and fast erect is on 
Roger 
13 , John , l3 
OK, Mike , 13 
My trims look good 
OK, 12 minutes , John 

12 minutes  
ll minutes , John , ll 

Roger 
Notice how much quieter it is today 
I was going to ask for a radio check from Chase 2 ,  but 
I was afraid to 

10 minute s ,  John, 10 minutes  

#l and 2 both 4ooo 
Control gas 500 
Governor balance is 450 
Fuel tank is 0 
LOX tank 
Landing gear 
The old heater 
We are ready 
Off 
Put it on 
Good check 

008 , what i s  your indicated a 

9 minutes , John , 9 minutes  
008 , start your turn 
8 minutes , John , 8 

We got good ones 
Roger , Vic ,  start LOX top- off 

Good aileron cycle 
Roger 

- 4-
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FLI GHT : 

; :ASA 1 :  
6 Minutes 
NASA 1 :  

CHASE : 
NASA 1 :  
5 Minutes  

008 : 
? 

NASA 1 :  
MANKE : 

NASA 1 :  
4 Minutes  
MANKE : 

NASA 1 :  
008 : 
NASA 1 :  
3 Minutes 

NASA 1 :  

2 Minutes  
Manke : 

NASA 1 :  

B- 13-24 

Still 5 square 

6 minutes , John , 6 minutes  
Chase aircraft check your windshield heat 

Trims good down here 

5 minutes , John 
008 , plan on 060 
Roger 

Got 3 reds , John 
6 , 5 ,  3 ,  
SAS switches are auto 
Reset lites and a torque 

OK, we just past 4 ,  John 

Left 2 ° ,  008 
008 , left 2 
3 minutes , John , 3 minutes  

Suit vent i s  low 
4035 

Switch going erect 
Fast erect is on 

We like your trim 
2 minutes , John , 2 minutes 

OK, 2 minutes  
Precool is  off 
Engine bleed is on 
Prop supply is on 
Pres surized the tanks 
OK, LOX is  45 
Fuel 43-1/2 
Roger 

- 5 -



F LI GHT : 

MANKE : 
NASA 1 :  
MANKE : 

NASA 1 :  
70 Se conds 
MANKE : 
NASA 1 :  
MANKE : 

NASA 1 :  
MANKE : 

NASA 1 :  
MANKE :  

NASA 1 :  
MANKE : 
NASA 1 :  
LAUNCH 
NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  
NASA 1 :  

MANKE : 
NASA 1 :  

B- 13- 24 

Release pres sure low lite is 8ut 
Roger 

70 s econds , John 

OK, Mike 
Standby for 1 minute , now 
OK, I got it 
Sources look good 
SAS lites out 
a i s  4 . 5 
Beta i s  1 °  left 
Heading i s  058 
45 
Engine master on 
Erect switch cutoff 
Fast erect off 
OK, all systems are good down here , John 
OK, Mike 
Release circuit breaker is in 
Camera and re corders and fin camera are all on 
Roger 
There is 10 seconds , Mike , 5 
Roger 

OK, John , che ck your a 
We got 4 good one s , John 
Ye s ,  me too 
We see 15 
Heading i s  good so far and profile looks good 
Coming up on 25 s e conds , you can standby for overdrive 
OK 
Good overdrive 
Standby for theta 
Good heading 
Track 1 s good 
You are on profile 
There is 50 s e conds 
Check your Mach and your a 
Rog 
Check your Mach 
Standby for pushover to 12 a 
Have you at 57 , 000 , now 
You are right on track 
Profile i s  good 
Check your beta 
We s ee you at 12 
Track 1 s perfe ct 

-6-
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FLIGHT : 

NASA 1 :  
MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  

B- 13-24  

OK , standby for pushover t o  5 a ,  and KRA t o  manual 
OKay 
Tracks perfect 
Profile is good 
Go to 5 , standby for doublets 
You ' ve cro s sed the early 
See your doublet s , Joh 
Standby for shutdown and doublets 
You are approaching the normal 
We s e e  your shutdown 
Get your doublets 
Trim 8 a 
Pit ch damper off, and puls e  
And s ee you at 8 and s ee your pulse 
Track ' s good,  profile good 
Check pitch damper on and get a popu 
We s e e  you in the popu 
Check KRA at 0 
8 a and s ome doublets 
KRA i s  z ero , 
Track ' s good 
You are on profile 
See your doublets 
You are about 1000 low on profile 
Good track 
1500 low 
3 miles 
Good track 
Check your airspeed 
270 
OK, you are 2500 low 
2 mile s  
Good track 
You are about 3/4 outside right now , John 
There ' s a mile 
Good track ,  3000 low 
Abeam the intersection 
A mile wide 
3000 low 
You are coming up abeam the turnpoint , John 
3000 low 
I don ' t  have a bridge call 
Standby for 12 a and clost it up 
You can plan on 340 
Roger 
We s e e  you up to 12 and we see you clo sing 

- 7-

When you get clo sed,  check prop supply o ff and go j etti son 
340 will be a good heading 
You are coming back up to profile about 500 low 



FLI GHT : 

NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  
CHASE : 
NASA 1 :  

MANKE : 

NASA 1 :  

Manke : 
CHASE : 
MANKE : 
NASA 1 :  

MANKE : 
CHASE : 
MANKE : 
NASA 1 :  
MANKE : 

CHASE : 
MANKE : 
CHASE : 
MANKE : 

CHASE : 
MANKE : 
CHASE : 
MANKE : 

CHASE : 
MANKE : 
CHASE : 

NASA 1 :  

B- 13-24 

We see your j etti s on 
You are at 3 mile s  
Check KRA auto 
SAS 4 ,  3 ,  2 
Got all that 
Stop j etti son ,  tanks and bleed 
At 2 miles 
John , we would like you to try the fuel j etti s on again 

Get 1 and 3 hydraulics on also 
OK, there is fuel j etti s on ,  John 
You got a good track 
You ar e on profile at 1 mile 
Let s not get a rocket che ck 
Roger 

Stop j etti s on fuel 
You are over the highway 
Start your turn 
I f  you want a rocket check , go ahead 
Alrighty , here comes 
2 good ones 
I felt them 
Real good ones 
John , go #2 on helium master , please 
Got it 
247 , 15 thou and 87 on the turns 
OK, 
OK, John , che ck Mach repeater . 3  
OK, I got it 
290 , Bill 
Roger , 291 , John 
Very good 
92 RPM 
Great 
Good aim point 
Still 290 
291 
Still 290 
Doing fine , John , there is 1200 ' 
OK, Willi e 
Turbulence 
Call that 100 ' 
OK, Bill 
4o , 
3 good one s ,  John 
20 , 10 , 5 ,  3 ,  2 ,  1 
How about that 
All stations , debri ef at 1100 
OK, John ,  you flew another normal 

- 8-
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P RE L I MI NA RY RE S UL T S  O F  X - 2 4 B  

F l i gh t  B - 1 4 - 2 5  

8 A u g u s t 1 9 7 4  

BY  

U S A F / NAS A X- 2 4 B P r o j e c t  T e a m  



Flight Summary - Flight B-14-25  

Flight B- 14-25 was flown on 8 Augus t 1974  by Maj or Love . The fli ght  
was flown as planned and all data maneuvers were accomplished . The signnifi
cant flight conditions were : 

Maximum Mach Number = 1 .  5 4  
Maximum Altitude 7 3381 feet 
Maximum True Airspeed 888 knots 
Flight Time = 6 minutes 35 . 8  seconds 
Burn Time = 1 30 s econds 

A summary of the key data maneuvers performed is listed below : 

Mach No . a Maneuver 

. 84 15 Rudder/Aileron Doublets ( power on) 
1 .  2 3  5 Pitch Pulse (power on) 
1 .  38 4 Rudder/Aileron Doub lets (power on) 
1 . 51 4 . 5  Rudder/Aileron Doublets 
1 . 42 7 . 0  Rudder/Aileron Double ts 
1 .  38 7 . 5  Rudder/Aileron Doublets 
1 . 2 6 7 . 5  Rudder/Aileron Doublets 
1 . 18 8 Rudder/Aileron Double ts 
1 . 10 8 Rudder /Aileron Doub lets 

. 9 7 9 . 5  Pitch Puls e 
. 89 - . 78 9-4-11-10 Aileron Bias POPU 
. 65 9 - 10 Steady Sideslip ( ±4 ° 8 ) 
. 5 7  4 Rudder/Aileron Doublets ( 20 °  upper flap) 

The XLR-11 rocket engine experienced pressure excursions 19 seconds 
prior to engine shutdown . It has been concluded that the pressure excur
sions were the result of unsteady pump operation due to interrup ted H202 
flow . A detailed discussion of this condition is presented in this re-
por t .  
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X- 24B Flight Request 

19 July 1974  

Flight No : B-14-25 

Scheduled Date : 6 Augu� t 19 14 

Pilot : Maj or Love 

Purpose : 1 .  Envelope Expansion to 1 . 55 Mach number 

2 .  S tability and Control a t  Mach number > 1 . 0 and 5° and 8° a 

3 .  Fin , Rudder and Flap Pressure Survey (Groupi )  

4 .  Boundary layer noi se and vibration experiment (RED PLUG) 

Launch : West  of  Rosamond , Mag Heading 060° + Cross  Wind Correc tion 
Angle . 45 , 000 feet , 190 KIAS . Flap Bias "Manual" , Upper 
Flaps = -40° , Lower Flaps = 2 7° , Rudder Bias Mode "AUTO" , 
Rudder Bias = 0° . Rudder Trim = 1° Lef t .  Aileron Bias 
+ 7 ° , SAS Gains 6 ,  5 ,  3 .  Mach Repeater "Manual" = 1 . 0 , 
KRA "AUTO" . Hydraulic Pumps 2 and 4 on . 

Landing : Rogers Lakebed Runway 18 

B-5 2  Track : X-24B Track #2 (R2515 , Work Area I) 

ITEM TIME ALT A/S a � EVENT 

1 0 4 5  190 5 . 7 1 Launch,  L ig h t  4 Chambers , 
Trim to and Main t a i n  15° a .  

2 30  43  245  15 . 84 At 30 sec . Turn Overdrive 
on . Perf orm rudd er and 
ai leron doub lets 

3 48 48 200 15 . 7 8 u = 43° Ma i n t a in 8 43° 
(cross  check a )  

4 78 60 160 15 . 85 At 60K ( . 85 MachT) Push-

over to 12° a . 

5 103 68 1 7 5  1 2  l .  05 At 1005 MachT , pushover 
to 5 a .  

6 113 7 0  200 5 l .  20 Perform Pi tch Pulse 

7 121  7 0  235  5 1 . 35 Perform rudder and aileron 
double ts . 



'") 
' 

ITEM TIME ALT A/ S Even t 

8 1 2 7  6 9  270 5 1 .  5 5  At 1 . 5 5 Ma ch shu t down 
engine . Perform rudder 
and ail eron doub l e t s . 

9 134 66 2 70 5 1 . 4 5 Trim to 8° a ,  perform 
rudder and aileron doub lets 
while  decelerating t o  Mach 
1 . 10 .  Target Mach numb ers 
for thes e doub lets sets are 
1 .  4 .  1 .  3 ,  1 .  2 ,  and 1 . 1 .  
Af ter las t doublet trim to 
10° a .  

10 174  4 7  260 10 . 9 5  Perform pi tch pulse 

11 1 78 4 5  2 50 10 . 92 Perform aileron bias POPU . 
o a b ias 70 to 11° to so 
to 70 . Retrim to 13° a .  

12  208 36 236 13 . 70 Trim to 10° a and perform 
+ 20 S teady s ides lip . 

13  213 34  220  . 10 . 66 Inters ection , turn to low 
key heading , j ettison pro-
pellants , set SAS Gains to 
4 ,  3 ,  2 .  

14 240 30 210 1 2  • 56 Change configurat ion to - 20° 
upper f laps . Pe rform rudder 
and aileron doublets at 5° 91 
. 6 Mach number .  

15  290 21 230 1 2  . 5 2  Low key , rocket check Ill & 
113 hydraulic pumps on.  

16 Change Mach repea ter to 0 . 3 
during final . 

2 



NOTES : 
1 "2.0 batteries) 1 .  Nose  Ballas t a. lbs (+ five 93 lb 

2 .  Weigh t-lbs  

Launch 13570 
Shutdown 8830 
Landing 8500 

3 .  Engine S /N 8 ,  Pump S /N 8A 

NORMAL 

Thrus t - lbs /chamber 2200 
LOX Flow Rate  - lb /sec/chamber 4 . 51 
WALC Flow Rate - lb /sec /  

chamber 4 . 05 

cg-% 

65 . 9  
64 . 1  
64 . 0  

4 .  Power on Base Drag Reduc tion CC = - . 005 

5 .  Pitch atti tude Null a t  4 3° 

(gear down) 

OVERDRIVE 

2450 
5 . 045 

4 . 53 

Ground Rules for NO LAUNCH : 

1 .  Radio , radar , PCM failure 
2 .  Electrical o r  SAS malfunction 
3 .  A/S , altitude , Machmeter failure 
4 .  Angle of  at tack o r  sideslip malfunc t ion 
5 .  Any control sys tem malfunc tion 
6 .  Loss o f  cabin pressure 
7 .  Turbulence below lOK in excess of moderate 
8 .  Surface winds greater than 20 kts or crosswind greater than 10 kts 
9 .  Failure of engine control box heater 

10 . Failure o f  s ti ck shaker 

( In addition to standard ground rules publ ished in Li f t  Body Joint 
Operations Plan) 

Alternate Si tuat ions Af ter Launch : 

3 

Failure 

1 .  Radio , radar , PCM 

2 .  Only One Chamber Operates 

3 .  Only Two Chambers Operate 

Ac tion 

Proceed as planned . 

Vector for RW 02 Rosamond , shutdown 
chamber, j e ttison , change configuration . 

Maintain 15° a .  Shutdown on NASA I 
call (�240 sec) . At shutdown pushover 0 to 10 a and proceed with steady s ide-
slip maneuver . 
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Failure 

4 .  Only Three Chambers Operate 

5 .  Delayed Engine Light 

6. Overdrive Failure 

7 .  Total damper failure 
any axis 

8 .  KRA "AUTO" Failure 

9 .  Angle of Attack 
( Indicator Only) 

10 . Total Angle of Attack 

11 . A/ S Al titude , Mach 

12 . Attitude Sys tem 

13 . Rudder Bias "AUTO" failure 

Act ion 

Maintain 15° a .  Overdrive on at 30 
sec . at 54K ( . 85�) pushover to 12° a .  
a t  1 . 05M

T pushover to 8° a (overdrive 
s tays on ) . Shutdown on NASA I call 
( �159 sec)  and proceed as planned with 
subsonic maneuvers . (Possible engine 
burnout)  

0 0 Proceed as planned . Use 45  8 ( 1 5  a 0 Max) . At 62K pushover to 12  a .  
(Possible burnout 1 3 2  sec/1 . 45  Mach No) 

0 0 Maintain 15 . At 61K pushover to 12 0 a ,  at 1 . 05 Mach pushover to 10 a ,  at 
1 . 2  Macht (watcfi S)  pushover to 8° a 
and proceed as planned . Shut down at 
1 . 55 or 300 KIAS ( 138 sec) . 

Fly 2 chamber profile , iuu1 i• 1 r IF 
._._��� . Maintain 15° a ( 13° a for a 
pitch damper failure) . Change configura-a tion to 3 5  upper flap at . 7  Mach number .  
Shutdown on�ASA I call .0 Roll or Yaw 

-� :f-0 ' '!'1l}t!." 0/� failure set ' 'Af fK':l .  Pitch 0 failure , close-up to -24 upper flap at 

,. 

low key . r� •"o l/ �c.-.d v re_ -tu rn y (>...vv ';ia. .• n to z e f'O, J... ,.;...... ; r M Aui +o '· 1. . 
Set to manual 10% and proceed as planned 
if "MANUAL" mode inoperative-swi tch to 
"EMER" Pos ition and set to above value . 

Proceed as planned using backup angle 
of attack gage . KRA "MANUAL" 10% , 
s tick shaker off . 

Fly twe ehemeer �refile, �Be 200 K45 0 iaateae ef 15 Bo Te retate fly 1.0 g 
te 230 *Gi\S then n, 1. 2 g to 200 KCAS .  (K!If: Meatta:l 19f� 1 a tielt ska:lteF ef f) 

See neJ&..+ P"- � e  ) 
Proceed as planned using a ,  8 and time 
for profile control.  De>r:t d o  ste.o.d/ 13 mo..yoe.. u v <". f' 
C' r S 0ot ) f\1 D.. L h  ·"'- d o'-" b le. f.s,  
Proceed as planned using backup 
attitude indicator .  

Switch to  "MANUAL" mode and toe-in to 
-10� If "MANUAL" fails close-up to 0 -.24 upper flap . 



Failure Ac tion 

14 . Upper flaps f ail to close Cycle emergency flap swi tch to close
up to -20° upp er flaps . If emerg5ncy 
f lap switch fails , move o� to 11 . 

15 .  Prema ture Engine Shutdown 

0 - 2 5  Sec RW 02  Rosamond 
25  - 52  Sec RW 20 Rosamond 
52 - 82  Sec RW 36  Rogers 
82 - 90 Sec RW 1 8  (RHP) Rogers 
90 - up Sec RW 18  (LHP) Rogers 

UJ--/-J - 1� 
ROBERT G .  HOEY � 

J(� To tal Angle  o f  Attack 0 to 30 seconds ; Fly two chamber profile , use 
200 KTS ins tead of 15 degrees a. To rotate 
fly 1 . 0 g to 230  KCAS then fly 1 . 2 g to 200 

5 

KCAS . (KRA Manual 10  percent ,  s ti ck shaker off) . 

30 to 110 seconds ; Fly three chamber pro file , 
overdrive s tays on , pushover to . 5  g ' s until  
8=0 degrees then fly 0 degrees 8 ,  shutdown on 
NASA I call , pushover to . 5  g ' s to 250 KCAS 
then fly 1 . 2 g ' s until Mach = . 85 then 1 . 4 g ' s 
to 200 KCAS . ( k. t<  �"tvl l-l/\. ., 1 '·' cJt:> S t: ( k sh.,.. 1·, . r t·H )  

./ 

1 10 seconds ; Shutdown , pushover to . 5  g ' s to 
250 KCAS then fly 1 . 2 g ' s until Mach . 85 then 
1 .  4 g '  s to 200 KCAS . ( K il f·) . .  h,.11\:" JO '), 1 ', t,£ I ,  -.ho.�"· '- c �\) 
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X- 2 4 B  DERIVATIVES 

by Alex G .  S im 

On f l i gh t  14 , 2 s e t s  o f  lon g i tudinal and 12 s e t s  o f  

l atera l - d i re c tional derivative s were obtained . 

Lon g i tudinal deriva tive s obtained are pre s ented i n  

f i gures 1 ,  2 ,  a n d  3 .  The f l i gh t  14 derivative s s hown o n  

f i gure 1 were t h e  f i r s t  power-on s upe rsonic d a t a  t o  be ob

tained. They indic ate lowe r longi tudinal s ta t i c  s tab i l i ty 

and p i tch damp ing a s  a r e s u l t  o f  power a t  Mach numbe r  1.2 5 ;  

whi l e , p i tch contro l e f fectivene s s  remai n s  a t  a h igh leve l . 

From f i gure s 2 and 3 ,  the s econd s e t  o f  longi tud i n a l  de riva

tives obtaine d  is s hown to agree we l l  with the trends in the 

previo u s ly obtaine d  de rivative s .  

The l ateral-directional s ta t i c  s tab i l i ty der i vatives 

ob tained near Mach numb e r s  o f  0.8 and 0.95 are pre s ented in 

f i gures 4 and 5. The f li gh t  14 data tend to better de f i ne 

the leve l s  o f  power-on s tab i l i ty in the s e  tran sonic f l i ght 

region s . 

F i gure 6 pre sents the comp l e te s e t s  o f  l atera l - d i re c tional 

de rivative s  obtained above a Mach number of 1.2 5. Except 

for a few spec i f i c  points , the se data are con s i s te n t  and 

very reasonab l e . F igure 7 pre sents s e l e cted s tab i l i ty and 

control der ivative s plotted as a funct i on of Mach number a t  

ang l e s  o f  attack o f  4 °  and 7 .5° . Note that rudder control 

e f fectivene s s  is l ower than wind tunne l pred i c t i ons at the 

h i gher Mach number s . 
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Calculation of  Rocket Thrus t Using 

A Longi tudinal Accel erometer 

By 

Dave Richardson 

This s tudy was initiated as a resu l t  of  a recent inquiry about the 
feas ib i l i ty of measur ing the thrus t o f  the ramjet on the X- 24C using 
accelerome ters . The equat ions are : 

Where :  

w. �a � T� cos �J 

An = nozzle area 

�axb
= incremental change in long.  accel . due to thrus t 

Pa amb ient pres sure 

T thrus t 

Too vacuum thrus t 

W aircraf t gross weight 

eJ angle b e tween thrus t l ine and body axis 

The accuracy o f  any thrus t values determined f rom this method obviously is 
a function of  the accuracy of the parameters us ed in the calcula t ion ; namely , 
longitud inal accelera t ion,  weigh t  and amb ient pressure.  The accuracy o f  the 
output f rom a longi tudinal accelerometer is determined by : 

1. Temperature s ens i t ivity 

2 .  Cross axi s  s ens i t iv i ty .  

3. Hys teresi s  

4 .  Dynamic respons e  (noise ) .  

5. Bas ic cal ibration 

6. P i t ch rate and acceleration 

7 .  Rol l  rate and accelera tion 

8 .  Lo ca t ion relative to the aircra f t  center o f  gravity . 

9 .  Power supply accuracy 

10. P CM accuracy 

11 . Data r eduction accuracy 



The firs t three of these fac tors are of  lit tle concern because they should 
have no effect on an incremental value of acceleration . The next two fac tors , 
no ise and bas i c  calibration , can be averaged out if they are no t excess ively 
large , <.01 g ' s .  Noise can be filtered , however , any fil tering will at tenuate 
the s i gnal and introduce s ome phase lag. In the case of the X-24B, since the 
da ta sys tem is a PCM telemetry sys tem, the basic cal ibration is in terms of  
oc tal counts and one octal count is equivalent to .0042 g ' s for the s ens i t ive 
accelerometer and . 0172 g ' s for the course accelerome ter . The effect of this 
limitation can be seen in f igure 1. 

The next three factors involve the e f fect of the location of the accelero
me ter relative to the aircraf t  center o f  gravi ty (cg) . Ideally the acce lero
meter should be located at the cg, however, this is not always practical 
because of fuel tanks , s truc ture etc . This effect can be corrected for using 
the following equation: 

Where 6x, �z & �y are the dis tances from the cg, to the accelerometer. In 
the case of the X-24B, the effect of accelerome ter location was small {<.0002 
g ' s )  for small pitch and yaw rates (<2 deg/sec) . 

The las t three factors , power supply , PCM and data reduc tion, are func
tion of dollars and maintenance . 

The accuracy of  the aircraf t gross weigh t is determined by the accuracy 
the ini tial weighing on the ground (X-24B, ± 30 lbs ) . The in flight determina
tion is a function of time , f low rates and fuel angle ( accelerations ) .  

The accuracy o f  ambient pressure is determined by the bas ic ins trument ,  
calibration , data sys tem etc . , (X-24B, 3 . 7  psf)  plus the ab ility to determine 
the pos ition error . 

Of importance also are the flight condi tions during the time period of 
interes t ,  because the longi tudinal acceleration is a func tion of dynamic 
pres sure , gross weigh t ,  angle-of-attack and aircraft configuration. Angle
o f- at tack and configuration can be held reasonably cons tant unless there is 
a signi ficant thrus t moment requiring movement of the control surfaces to 
compensate for it (trim drag change) . In a high climb /des cent rate vehicle 
such as the X-24B the gros s  weight and dynamic pressure are usually changing , 
however , in the short time internal involved , average values can be used . 

Figures 1, 2 and 3 are sample c alculations o f  XLR-11 overdrive thrus t ,  
landing rocket thrus t and XLR-11 four chamber plus overdrive thrus t for 
the X-24B. The numbers are qui te reasonable . 

In summary , this method is no t considered accurate for very low thrus t 
to weight ratio changes (<. 01). 
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Technical Debriefing 

Flight B-14-25 

8 August 1974  

Pilot : Maj or Love 

1. Discuss the engine light sequence and any assoc iated trim changes . 

Answer : 

I launched hands off  and hit the first two chambers and felt no trim 
changes . The airplane came up to 10  degrees a rather rapidly , more rapidly 
than the s imulator . I watched the first two chambers come up and as soon 
as I knew they were up I hit the o ther two and was aware I was put ting in 
a aft-stick and wasn ' t  watching alpha and I easily went up and got shaker . 
Howeve r ,  that wasn ' t  assoc iated with engine lite i t  was s imply too much aft  
st ick on my part . 

2 .  Discuss the handling qualities during the ro tation . Rate Pitch , and 
lateral direc t ional . 

Answer: 

I felt that the init ial part of the rotat ion was not too bad , 15 degree a 
was easy to hold for almost five or s ix seconds . After that I felt that 
rotation was really a difficult task for me . I have a very hard time holding 
15 degree angle of at tack , the AoA goes back and forth f rom 15 1 / 2 degrees to 
14 degrees it spends a lot of t ime at 14 degree I j us t  can ' t  make it  s tay at 
15 degree . I also not iced that after I got the overdrive on I wanted to do 
the doublet without having to hold the st ick and I couldn ' t  do that . I 
noticed that I had a roll off  to the left and that I hadn ' t  really trimmed 
out yet and which required f lying the airplane in rol l .  Direct ionally 
there ' s  no problem but laterally and longitudinally its  a diff icult task . 
Its a four in p itch , a four in lateral , and a three or two in directional I 
guess a three in directional . 

3 .  Compare the vehicles response to the Mach 0 . 82 doublets (power on) at 
15  degrees a with the s imulator . Rate . 

Answer : 

I f  you disregard the fact that it probably was not right at 15 degree a 
the response was very s imilar to the s imulator . The larger response as far 
as the cockpit was concerned come from the aileron and smaller movement in 
the airplane from the rudder . 

4. (a)  Discuss the task to maintain 43 degree 8 and rate . 

Answer :  

I t  took more alpha . I t  took 14 degree a or there abouts to hold 43 degree 
theta . I felt that it was easier to f ly the theta bug bu t it  also had the 
tendency to drop below 43 degrees . Although the 8 bug to me was easier to f ly 
I s t ill rate it  a four because its s t il l  a difficult p itch task . 



4 .  (b)  How d id a to maintain 8 compare with the s imula tor? 

Answer :  

The alpha in flight was higher than the s imulator , I went to 1 5  degrees 
sooner than I would have in the s imulator . 

5 .  Discuss the handl ing qualities above . 85 Mach number at 12 degrees a 
with power on . Rate . 

Answer : 

I go t a good call f rom John , j us t  about the t ime the beta went out . I 
had cons idered before the f l ight bringing the nose to the lef t  to bring the 
beta to zero . So I pushed in j us t  a l i t t le bit  of  left rudder to do that and 
beta over sho t 0 degrees and went out at least 1 degrees to the right . I 
was very surprised at  how quickly the nose went to the lef t  with so l i t t le 
rudder and I would say that if  you made a task to fly O ' beta with the pilot 
do ing it , he would have a tough t ime in that area because the response to 
the rudder is so rapid . I over controlled , my goal , was go ing to 0 degree 
beta and I went to 1 degree no se lef t . I rate i t  a f ive because of  the task 
to control the beta in that area would be so difficult . I ' m rat ing it  in 
this casein the d irectional task of  going f rom about 2/ 3  of  a degree at  left 
beta to zero which I wasn ' t  able to do . 

6 (a) . Discuss the handl ing qualities above 1 . 0 Mach number at 5 degrees a 
with power on . Rate . 

Answer : 

The handl ing quali t ies above Mach 1 at 5 degree a are good . I had really 
no problem in p itch , ro ll or yaw . I rate it as a three thru out the whole 
range of Mach numbers that I f lew . 

6 (b) . Compare the vehicle ' s  response to the Mach 1 . 20 p itch pulse (power 
on) at 5 degrees a with the s imulato r .  

Answer: 

I d idn't think the a moved up quite as much as the s imulator when I 
pulsed i t .  I t  felt l ike the elevator wasn't quite a s  effective a s  i t  i s  in the 
s imulator . 

6 ( c ) . Compare the vehicle ' s  response to the Mach 1 . 3 5 doublets (power on) 
at 5 degrees a with the s imulator . Rate . 

Answer: 

I think that i t s  very s imilar and there is a lack of  response i s  the 
thing that I no t iced . I t s  even more apparen t in the airp lane because you ' d  
expect the a irplane to move around a li ttle bit  f rom a doublet , it doesn ' t  
move around i t s  l ike s i t t ing in the s imulator . The amount of  A/C response is 
almo s t  nil . 

2 



7 (a) . D iscuss the performance aspects of  the boos t .  

Answer: 

The performance aspects of the boost caused me a lo t of cons ternat ion . 
I t  increased my work load such that I really feel i t  decreased my ab ility to 
fly . Here ' s  what happened: The angle of at tack was higher than i t  should have 
been , the Mach was lower than i t  should have been and I felt that I was 
climbing steeper than 4 3  degrees . I don ' t  j us t  mean the d isorientat ion you 
get from the seat of the pants feel and your inner ear . I j us t  felt that 
something was wrong in the boost because it was climbing slowly to me as far 
as Mach . I even checked the eight ball to see if  i t  agreed wi th 4 3  and i t  
did . I checked the chamber pressure gauges t o  see if  I really had 300 and 
I d id . I think we were climbing with low thrust . That ' s  all I can say , I 
don ' t know whether i t  was or no t but that ' s  what i t  felt like . 

7 (b) . D iscuss the trim changes at engine shutdown . 

Answer: 

The trim changes at engine shutdown are nil . Absolutely no problem to 
j us t  have it at 5 degrees a and hit the engine mas ter and do a doublet right 
then . Because you don ' t have to retrack the alpha . 

7 (c) . I f  no t previously covered , d iscuss the roll task during the boost  
with respect  to two hands ,  roll trim, result ing s ideslip , compare to  s imulator . 

Answer: 

Today I d idn ' t  feel yaw and roll upsets from the atmosphere and so I had 
no problems in tracking bank angle or maintaining wings level , except for the 
fact that as I said before the airplane rolls off to the lef t  during the boost . 
Once I ' d  accep ted tha t  and was more or les s flying holding i t  up it wasn ' t  a 
problem . I think if  I go back to my las t  flight I had worked hard on trimming 
laterally in the s imulator and so I come off ready to trim . But this flight 
I qui t  doing that in the s imulator and so I d idn ' t  make an ef fort to do much 
lateral t rimming and later on I found out I should have . I f  I go back to 
heading during the boost  I think really my cons ternat ion over the lack of 
performance caused me to f inally j u s t  completely cut heading out of  my cross
check . I wasn ' t  paying any attent ion to heading because the work load was 
high enough that I was thinking of o ther things . 

8 .  Compare the vehicle ' s  response to the double ts at 5 degrees a (Mt=l . 5 0) 
af ter engine shutdown with the s imulator and rate the handling qualities if 
possible . 

Answer: 

I can hardly remember the doublet at 1 . 5  at 5 degree a .  In fac t I almo s t  
considered asking you i f  I d id one . So I really can ' t  rate i t , I do think the 
airplane flew very nicely there . I remember tha t I felt I was a lit tle above 
1 . 55 when I shutdown . I d id the double t and I no ticed it was really nice to 
fly the airplane and it held 1 . 5  longer than I thought it would . That ' s  about 
all I can say for i t . I ' d  rate the overall airplane at a 2 . I t ' s  a much 
nicer a irplane when you shut the engine off for sure . 
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9 .  Discuss the flying q�alit ies while decelerating from Mach 1 . 40 to 1 . 1  at 
8 degrees a .  Rate . 

Answer:  

I found i t  an easy task to go up to 8 degrees a and I feel that the task 
in re trimming to 8 degrees a was slightly eas ier than the s imulator . I don ' t  
have a whole lo t of  conf idence of  being right at 8 degrees a ,  however , j u s t  
because o f  the speed things were happening . One thing that ' s  apparent and kind 
of surprised me . The las t  t ime I shut the engine down I really no t iced the 
decelera tion right at engine shutdown . Today I d idn ' t  no tice much decelerat ion 
at engine shutdown but I was very aware of being forward in the s traps during 
the double ts from 1 . 4  to 1 . 1 .  The a irplane flys very nicely in tha t regime . 
John as�me for a good healthy heading change at that t ime and i t  was no 
problem to lay i t  over in a bank angle and continue on with the double t . I ' d  
rate the entire Mach range and the task o f  flying 8 degrees a at a 2. 

10 . D iscuss the p itch pulse a t  . 95 Mach number at 10 degrees a with respect 
to the vehicle response to pulse as compared to s imulator . 

Answer: 

I t  looked j us t  like the s imula tor . The alpha in the s imulator comes back 
to 10 degrees a with a couple of over shoots on the way and i t s  fairly t ight 
oscilla t ions and tha t s  j us t  the way the airplane looked . 

1 1 .  Comment on the Mach . 92 POPU with the aileron bias . Compare to simula tor . 

Answer: 

The POPU i s  a very mechanical maneuver . Firs t of all af ter the p itch 
pulse in the s imulator you need to re trim to make sure you ' re at 10 degrees a 
because there ' s  pret ty good trim change in tha t  area . I found that was true 
in the airplane too . So I took a lit tle b i t  to re trim and then the POPU j us t  
completely mechanical the AoA changes down t o  6 o r  7 and back up t o  12 exac tly 
like the s imulator . The bias needle moves at the same rate and the a moves 
at the same rate . No t much more you can say abou t i t .  

12 . D iscuss s teady s ideslip maneuver with respect to rudder/aileron required , 
compare to s imulator . 

Answer: 

We did this s ideslip maneuver in a 30 degree a bank and found that 
although I can ' t  really give you a good quanity of rudder and aileron its  
about the same amount as the  simula tor . I t  looks j us t  like the s imulator . 
The beta goes out easily j us t  like the s imulator and the airplane doesn ' t  do 
anything, its  very nice. It appears to me that the amount of a ileron required 
for 4 degrees of s idelip and that amount of rudder is the same as the simulator 
in o ther words it doesn ' t over bank or under bank . Although you have to realize 
that I did tha t  in a 30 degree bank so that made i t  a lit tle harder to evaluate . 
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13 . Compare the vehicles response to the doublet s at 5 degrees a ( Mach . 6 ) 
with the simulator . ' 

Answer : 

The beta needle moves the same as the s imulator and unlike the s imulator 
of course you feel more aircraft response and thats one area where you can 
feel some response . The airplane moves around and i t  feels nice and t ight . 

14 . Discuss the energy management from the " Intersec t ion to low key . "  

Answer: 

Well , it was a lot of fun . We were high and out s ide and had a lot of  
things to  do and basically all we did was leave the nose down . I was wondering 
if I was go ing to get the Mach down to close up and I think that it worked 
jus t  like the s imulator . I jus t left the nose down a l i t tle bit  and got 
lower in altitude and the Mach came of f .  I believe if  we looked at the 
traceewe'd f ind that I pulled the nose up , increased the alpha to get the 
Mach down and closed up . 

15 . Discuss the pat tern . 

Answer : 

The pattern was the highest energy pat tern that I ' d  flown . I t  was no 
problem to fly . I used the mos t  f laps I ' ve used and they worked very wel l . 
Had close to three hundred at low key , at 300 at the 90 degree point with the 
requirement for a lot of flaps to get down to final . Go t the flap s in a lit tle 
late , later than I wanted to as we ' ve been prone to do and the airspeed 
bled off  to 2 70 as I rolled out on f inal but I had a s teep enough glide 
slope that i t  went back to 300 whiie s t il l  ho lding the aim point . 

16 . Discuss the landing and ro ll out . 

Answer : 

Flare was s tarted at 3400 also a t  the same time that Bill called me . 
Comp leted the f lare at 100 feet in my opinion and waited for 240 and go t the 
gear at 50 feet wi th everyt ing going normally and then be tween 50 feet and the 
f inal flare I allowed a sink rate to develop for one reason or another . 
When I sensed the sink rate I came back rather rap idly on the s t ick and had 
all kinds of authority and good control of the airplane . I d id cause a balloon , 
was able to retrack descent rate and retrack a landing attitude to make a nice 
landing and I think this really speaks wel l  for the airplane . You don ' t  
have to do i t  perfec t ly on the f irst try you can make a mis take l ike that and 
recover from i t  without get t ing a bad landing . I got a nice landing and had 
i t  well under contro l af ter arresting what was develop ing into a pretty good 
s ink rate there at about 20 feet or less . 

5 



Flight B-1 4- 25 Engine Operat ion 

By 

Johnny Arms trong 

The XLR-11 rocket engine performed in an erratic manner 111 s econds 
after engine s tar t .  As can be seen in f igure 1, maximum mani fold pres
sure and chamb er pressure f luxua t ion of  125 psi and 90 psi resp ectively , 
were experienced . I t  has b een concluded that this unusual characteris tic  
was caused by uns teady propel lant pump operat ion resul t ing from inter
mi ttent H202 flow to the gas generator . 

I t  was obs erved that thi s  charact eris t ic began after the vehicle was 
pushed over.to 5 degree a for the f inal ac celeration to planned shu tdown 
conditions . I t  was also not ed , as can b e  seen in figure 1, that the os
cillation changes with variations in angl e-of-attack . This impl ied that 
the outlet in the H2o2 tank was unporting as a func tion of propellant 
angle.  This was in part verif ied by obs erved changes in H202 tank pressure 
during that t ime p eriod . 

The s teady s tate propellant angle was compu ted in this area o f  fligh t  
us ing the measured longitudinal and normal accelerations with the following 
relat ionsh ip : 8p=ARCT��. I t  was no ted that at the t ime .r the engine 
oscillation b egan the propellant angle (8p ) was sl ightly in excess of 70 
degrees.Vhen the resulting propellant angle was in the area of 60 degrees , 
ei ther due to a changes or increas ed dynamic press ure near shu tdown , the 
engine oscillation tended to s teady out . This would indicate wi th the 
amount of H202 remaining in the tank at that t ime , the critical propellant 
angle for unpor t was probab ly angles in excess of  65 to 70 degrees . It  
is interes t ing to  note that fligh t  1 3  experienced s imi lar propellant angles 
at s imilar fl igh t  conditions and wi thin 6 s econds of engine opera t ion t ime 
as f ligh t  14 wi thout experiencing engine oscillations . 

In an attemp t to explain the cause of the H202 unpor ting , the tank 
geome try and H202 u t i l izat ion was s tudied . Figure 2 presents a s cale draw
ing of the 1 7  gal . H202 tank which is mounted ver ti cally in the vehicle 
with the outlet at the bot tom centerl ine . Also shown are various pro
pel lant angl es inters ec t ing the outlet • . Th is geometry was used to es t imate 
the H202 unport conditions as a func t ion of  propellant angle and the amount 
of H202 remaining in the tank . The resul t ing unport curve is shown in 
figure three.  Note that when the prop ellant angle is 70 degrees to 7 5  degrees 
the outlet will unport wi th 3 . 5 to 4 gallons remaining in th e tank . Figure 
4 presents an a t t emp t to account for the H202 consumed during the flight . 
The solid line starts with an assumed full H20 2 tank. Pos t f ligh t  measure
ment determined tha t 1 . 7 5  gallons remained in the tank . Note that approxi
mately 4 1 / 2 gallons canno t be accounted for. This would also indicate that 
a t  the t ime of  the engine oscillation there should have b een 8 1 / 2 gallons 
remaining in the tank and no unport would have resul ted . The do t t ed line 
is an attemp t to work b ackwards s tar t ing with the known amount remaining in 
the tank. Of s ignificanc e here in tha t  this would indicate that only 4 
gallons remained at the t ime of  the engine oscillation and this agrees wi th 



the est imated vo lume for unport at 7 5  degrees propel lant angle .  

I t  i s  thereby concluded that at the time o f  the engine oscillation less 
than the normal amount of  HzOz remained in the tank . The pos s ib il i ties 
to ac count for the mis s ing HzOz are: 

1. The tank was s erviced wi th less than 17 gallons . 

2 . Higher landing rocket f low rate . 

3 .  Higher HzOz rate during engine operation. 

4 .  A comb ination of all 

Aging of catb eds can resul t  in higher rates o f  HzOz usage in landing 
rockets and the gas generator . The procedure used in the HzOz tank s ervicing 
could result in a short s ervic e .  Since f light 1 3  d i d  no t encounter a prob
lem it is sugges ted that a short s ervice may b e  the mos t  l ikely cause.  

2 

For flight 1 5  the fol lowing changes are under cons iderat ion: 

1 .  Service the tank t o  overflow 

2 . Change the catbed in the gas generator 

3 .  El iminate the prelaunch rocke t check 

4 .  Cons ider propellant angle during flight planning . 
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August 16, 1974 

TO: DOEER 

FROM: W. B. Arnold - THIOKOL 

SUBJECT: Propulsion System operation Flight B-14-25 

SUMMARY OF ENGINE OPERATION 

l. All chamber starts were normal and more smooth than have been 
previously experienced. 

2. Engine chamber and manifold pressure oscillations occurred 
approximately 114 seconds after engine start. 

3. Engine shutdown was normal at approx. 132.5 seconds. 

DISCUSSION 

The chamber starts on this flight were as smooth as those 
on the preflight ground run. During the engine inspection following Fligh 
Flight 13 the "0" rings were changed in the fuel propellant valve 
hydraulic accumulators. It appears that this change improved the 
chamber start transient. 

The engine pressure excursions experienced during this flight 
have been attributed to unporting of the H202 tank outlet as a 
result of aircraft pushover. Review of Control gas and H202 tank 
pressures verify that pressurizing gas was ingested for a period 
of 12 seconds. The pressure excursions appeared to damp and engine 
operation was normal for 3,5 seconds prior to shutdown. 

CORRECTIVE A�TION 

The H202 service procedure will be changed for the next flight. 
The H202 tank will be serviced to overflow to assure that a maximum 
amount of H202 will be available. The landing rocket check will 
be eliminated to conserve H202. The engine catalyst bed was changed 
to reduce H202 consumption by approximately 0.2/ lb.sec. 
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X- 24B OPERATIONS FLIGHT REPORT 

FLIGHT: _____ B_-� 1�4--2�5�---------------
8 / 2 0 / 7 4  DATE OF REl-'ORT: 
---------------------

PILOT :  ______ _ M_a� j_o_r 
__ 

L_o_v_e 
____________ __ __ 

8 / 8 / 7 4  DATE O F  FLIGHT : 
---------------------

CARRIER AIRCRAFT : B-52 #008 LAUNCH LAKE: Rogers Lakebed 

PURPOSE OF FLIGHT : ( 1 )  Envelope Expans ion to 1 . 5 5 Mach Number . 

( 2 )  Stab ility and Control at Mach Number >1 . 0  and 5° and 8° a. 

( 3 )  Fin , Rudder and Flap Pressure Survey (Group I )  

( 4 )  Boundary Layer Noise and Vibrat ion Experiment (RED PLUG) 

I .  Discuss ion of Previous Operat ions 

1 .  The # 2  chamber start was s lower and rougher than normal on flight B-13 . 

2 .  The alcohol jet t ison valve did no t open on the ini t ial switch operation, 
but operated normally on recyc ling of the jett ison switch . 

I I . Vehicle Conf igurat ion Changes 

1 .  An orif ice was installed in the B-52 lox topoff sys tem in the "climb 
tank" feed line to d ecrease lox flowrate to  improve the temperature 
on the L . H .  aileron . 

2 .  The electrical power supply system was modified t o  add a 5th bat t ery 
t o  provide a true "emergency" bat tery . The new sys tem utilizing the 
new 85  A . H . yardney c ells is conf igured to provide backup to the 
hydraulic pump batteries and equipment and the instrumentat ion system 
i s  completely isolated from the ships sys tems with no backup . 

III . Ins trumentat ion Changes 

1 .  Added Pressure Transducer Box Temperature Measureme�t s (4 ) .  

2 .  Made provisions to record Syst em 1 on on-board tap e .  Both syst ems 
now telemetered and recorded on-board . 

3 .  Changed Sys tem 1 transmitter frequency from 1441 . 5  to 1452 . 5  MH3 to 
avoid conflict with AFFTC program. Also changed multi-coup ler. 

4 .  Performed check calibrat ion of forward and aft tension strut loads , 
and B-5 2  pylon hook load . 

B-14-25 
Page 1 of 2 



IV. Preflight Events 

1. The alcohol jettison system was checked over and no malfunction cou ld 
be found . 

2. The engine was removed and sent to the PSTS to correct the slow start 
on #2 chamber . The fuel valve hydraulic accumulator on the #2 chamber 
was found to have a leaking 'o' ring . All four accumulators were torn 
down and the 'o' rings replaced with the new ethylene propalene material 
'o' rings . 

3 .  The lox tank in the B-52 was removed f or repair o f  the support saddle 
which had developed new cracks during the recent "blown" tire landing . 

4 .  Preflight functionals were made with no prob lems . 

The engine start with the reworked fuel valve accumulators was very 
smooth . 

V. Flight Events 

1. Prefl ight servicing was accomplished without inc idents . 

2 .  The engine operation was very smooth until shortly before p lanned shut
down when the manifo lds and chamber pressures began to oscil late . 
The oscillations lasted for approximately 10 seconds and then ceased . 
Shutdown was on time and completely normal . Unporting of the H202 
tank from propellant ang le variations was suspected . 

3 .  The alcohol jettison valve worked normally when required . 

4 .  The electrical system worked satisfactorily with the new 5 battery 
configuration . 

5 .  The vehicle was in good shape after the f light . 

Approved ,/) /1 / ,/") ./':i () ;} by : /rL c/� �am P .  Albrecht 
Chief , Operations 
Engineering Branch 

Written by :
·-�--<.� 
Norman E .  DeMar 
X-24B Project Engineer 
Operations Engineering Branch 

B�l4-25  
Page 2 of 2 



POSTFLIGHT: B-14- 2 5  
DATE: August 8 ,  1975 
PILOT: Maj. Love 

B-14- 25 on 8 ,  August with Major Love flying. Another real smooth 
typical X-24 operation. Told John I had to do one thing since Norm 
had to slip the 9 o'clock takeoff, and that was because I was late. 
I just simulated too late this morning, so I'll take care of that next 
time. The new checklist worked fine. As far as the climbout and up 
to launch, the only thing I was aware of that might have been unusual 
was the conversation about LOX in the bomber. I gues s  it was flowing 
faster than we thought it was. We had good airspeed. The last time 
I looked, 203 and 45,000 so we can probably up our launch air speed 
if we wanted. 

At launch I made a hands off launch to see if the a comes up like the 
a comes up in the simulator, because I think the simulator a comes up 
a little slow, and it does. The airplane jumps right to 10 and then 
it starts back down and roll s off and starts flying. I lit the first 
two chambers. They came right on up and while I was lighting the 
other two and watching the chamber switches, I was pulling back on the 
stick and got shaker. It is real easy to go from a trimmed a to a 
shaker without being too much aware of it. Initially, 15 a felt pretty 
good as far as trimming it up, but as I went on, say toward the time 
to go to overdrive it got harder and harder to hold 15 a. Alot harder 
than the simulator. It was hard to hold 15 a for the doublets and they 
probably came somewhere between 14 and 16 . I guess not 16 becaus e  I 
did not get the shaker, but it just wasn't right at 15 like the simu
lator. During that time, as I was trying to track 15 and let go of 
the airplane so that it would really be trimmed, I noticed that it 
was rolling off to the left. I did not seem to have time or the right 
method for trimming it out. The whole flight, that part of the flight 
was mo st disconcerting, I think, as far as flying the airplane. Theta 
is easy to hold. I felt that way las time. I feel that way this time. 
Easier to track that theta bug. The a, the track, the theta bug were 
higher than in the simulator. It was up around 14 I think and the 
Mach was low. The Mach just did not build up. At 60,000 I had . 78 
where I should of probably had, if you consider the position error, 
. 83 or clo s er to . 85 .  It felt pretty steep and John has been doing 
a good job of talking to me about that, he said blank it out of your 
mind and fly the bug and the a you can overlook it, but it feels like 
it is going straight up. Nothing but sky there. 

OK, the respons e to the doublets after overdrive felt very much like 
the simulator, and other than having a hard time holding a, the doublets 
were a pretty easy thing to do. Pushed over at 60 to 12 and was 
watching the a. Got a good call from John to watch my b eta. Looked 
down at beta and said I am going to see if I can bring the airplane 
back to zero beta. I wanted to do that, so I touched the left rudder 



Po st-flight: B-14-25 

and it went about a degree out 
probably way too much I think, 
i f  you want to track zero beta 
you stopped in that Mach area, 
beta with the rudders. 

the other si de. Rudder response was 
You have a lot of rudder control but 

with thos e  rudders at that time, if 
you'd have a hard time holding zero 

The Mach jump, I don't know what time it came, if it came on time or 
not. The one thing I did notice i s  that the Mach meter moves more 
smoothly than I thought it would through the Mach jump area. Over 

-2-

at 1.05 to 5 a and when you get down to 5 it i s  a nice airplain again. 
It's a pretty nice airplane at 12 too d�ing the theta portion. John 
was exactly right, boy the beta went back, it felt good when it went 
supersonic. 1.2 Mach and a pitch �uls e  and just almost nothing when 
ypu pull the stick back. You just don't have much e ffectiveness, it 

. feels like, and I don't think the a jumped as far as the simulator a 
and so we will have to look at that on the data. Seemed to be about 
the same as th€ simulator in holding 5 a. It seems that the curve 
you got in there now looks pretty good as far as the airplane goes. 

I got a doublet at 1.35 ending above 1.4 and sometime during that period 
the engine started, what I call chuffing, and that really started to 
get � attention because I thought it was going to shutdown, you know, 
and I wanted to be ready to do whatever was neces sary after shutdown. 
The response to the doublet at 1.35 to 1.45 was very low. You could 
almost not feel anything from the rudders. A little more from the 
ailerons. 

Shutdown at 1.55 at least, and doublet s et and 5 a was easy and it 
doesn't go like the simulator, of course. It sits right there on the 
a that you have when you hit the engine master switch. Then I had the 
feeling, pos sibly comes from a, you know in the simulator you have the 
task of retracking the a before you can do the doublet there; in the 
airplane you don't have to do that so it s e ems like it just sits there 
at 1.5 for a long time. That seemed like a long time to go to 1.4 
and 1.3 and 1.2, etc. , and pretty soon the doublets were coming in 
instead of 1.2 and 1.25, they didn't come exactly where you wanted 
them. 

At 1.05 I knocked it off and went to 10 and probably got a pitch pul se 
at about . 97 or . 98 indi cated and it looked very similar to the simu
lator. In fact, I was think to mys elf right then, thi s looks just 
like the simulator. Up to 13, the Mach looks just like the simulator, 
just happens that we were already at or past the inters ection I gue s s, 
so  we started a turn, did a slide slip in the turn; the sideslip was a 
piece of cake and very similar to the simulator. Jettisoned, (what?), 
oh yes, I forgot about that aileron POPU. It i s  such a me chanical 
thing that it i s  hardly worth de s cribing. Down to 11 and a goes 



Post-flight : B- 14- 25 -3-

down like the simulator , and up to 5 and the a goes up just like the 
simulator , back to 7 and it is no problem to reset it . Nothing tc i t .  
The Mach was about the same . I think as I said it looked like the 
simulator . 

Jetti son , SAS 4, 3 ,  2 ,  and I bumped the switch . That was just to see  
if  you were  on your toes . Anyway , got that back on and sometime stopped 
j ettison ,  tanks , and bleed and I closed up before you said John , becaus e  
of the Mach , and pushed over and got the doublets set . Ni ce respons e . 
It starts to feel like an airplane again . Came into low key with a lot 
of energy and a real wild pattern . It  was a lot of fun , but I felt we 
were coming in at an angle and alreay clos e  in, I thought , so I went 
out to the right and then back and lowered the nos e  and still had so 
much energy I needed lots of flap . The flaps took care of it  and I got 
them in,  pos sibly a little late as w e  are prone to do again . I had 
270 when I got them back in; so I had enough glide angle ,  it went 
right back to eventually 300 . Started the flare and dropped the gear 
down at a ni ce altitude , I thought , and then allowed a sink rate to 
develop somewhere around 10 ' above the ground . This is a real nice  
think about the X- 24B . When I allowed that sink rate to  develop. I 
j ust  came back on the stick and was abl e  to actually balloon it  up 
and retrack the landing . Thi s i s  a ni ce feature. Really speaks well 
for the airplane when you can do that . Touchdown left main,  right 
main,  it felt like a ni ce touchdown and nos e  down . If there were 
winds out there they were right down the runway , because it went 
straight ahead.  I did not use the steering or anything . I j ust  
probably braked just  at  the  last at  20  knot s or  so . I didn't see  any 
turbulence in the pattern . That's about all I can think of . 



FLIGHT: 
DATE: 
PILOT: 
B-52: 
LAUNCH OPER : 
NASA 1 :  

15 Minutes  
NASA 1 :  
LOVE : 
NASA 1 :  

VIC :  
NASA 1 :  
14 Minutes 
LOVE : 

NASA 1 :  
008 : 
NASA 1 :  
008 : 
NASA 1 :  

LOVE : 

GEORGE : 
NASA 1 :  

008 : 
NASA 1 :  

ll Minutes  
LOVE : 
NASA 1 :  
CHASE : 
LOVE : 
NASA 1 :  
10 Minutes  
LOVE : 

B- 14-25 
August 8 ,  1975 
Maj . >1. Love 
008 
v. Horton 
John Manke 

ENGINE STAFT: 
TAXI : 
TAKEOFF: 
LAUNCH: 
LAND: 

OK Mike , we just past 15 minutes  
Roger , 15 
Vic has topoff flow ceased? 
We are still showing a high temperature 
OK, it i s  starting to come down now 
I can't see any on TV , John 
OK, Mike there i s  14 minutes , 14 

OK, John 
Hydraulics are swapped 
Pres sures are down to 2700 

0850 
0853 
0907 
1000 
1007 

OK, good show and 008 we are ready for a pitch and yaw pulse 
Roger , pitch now 
OK, that was a good pitch pulse  
Yaw 
That was a good yaw pulse  
OK Mike , thi s i s  a good heading 
Why don ' t  you go erect and fast erect on 
Roger 
OK, say your heading , George 

248 
Roger 
008 , could you come left 3° please , 3° 
That makes it 245 
Roger 
OK Mike , there i s  11 minutes , ll minutes and we are happy 
with the trim 

OK, it looks good up here , John 
Alright 
It looks good here , Mike 
Roger 
OK Mike , there is 10 minute s ,  10 minutes  

Roger 
#l is showing 39 
#2 is showing 41 
Control gas 500 
Governor balance 450 
LOX and fUel are 0 and the gear is  down to 3000 
Ready for the pump heater check? 



FLIGHT : 

NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  
9 Minute s  
LOVE : 

NASA 1 :  
008 : 
NASA 1 :  
008 : 
NASA 1 :  

8 Minute s  
LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  
VI C :  
NASA 1 :  

LOVE : 
NASA 1 :  
7 Minute s  
LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  

6 Minute s  
LOVE : 

CHASE : 
NASA 1 :  
LOVE : 
NASA 1 :  

CHASE : 
NASA 1 :  
008 : 
NASA 1 :  

B- 14- 25 

We are ready 
Off 
And back on 
On 
Good che ck ,  Mike 
Roger 
OK, Mike there is 9 minutes , 9 minutes 

OK, 9 minute s  
Erect switch cutoff 
Fast erect off and out standing attitudes 
Alright , thank you 
45 , 000 
Say again , 008 
We are level at 45 
Outstanding 
You can start your left turn and Mike we are 8 minute s  

O K ,  throttle on and off 
Landing rocket was good 
OK, here comes aileron cycle 
Vic ,  can you start topoff? 
I will 
OK, start topoff 
OK, the ai leron cycle was good, Mike 
Roger 
OK, Mike there is 7 minutes ,  8 minutes  

OK, I am on X- 24 
Going s econdary 
Roger 
5 5 l back on primary 
OK Mike , loud and clear 
Good radio check 
OK Mike ,  6 minute s ,  6 minute s  

Roger 
Got 40 on the uppers 
I guess  27 on the lowers 

OK, w e  like them Mike 
The other trims are O ,  0 ,  l 
OK Mike it looks good 
Chas e  airplanes check the windshield heat 
Chase 1 ,  Chase 2 ,  2 a 
008 , shallow your turn just a little please 
OK 
OK Mike , there is 5 minutes ,  5 minute s  

- 2-



n- 14- 25  

5 Itinutes 
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 
VI C :  
NASA 1 :  

LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  

VI C :  
NASA 1 :  
? 
VI C :  
NASA 1 :  
VI C :  
NASA 1 :  

VI C :  
NASA 1 :  
Heli : 
NASA 1 :  

3 Minutes  
LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  

Roger , 5 minutes 
I am on battery , going auto , and the lite i s  out 
Hydraulics are swapped 
I got 3200 
Bus loads are 110 , 105 , 110 and 40 
Roger , Mike 
SAS i s  5 ,  5 ,  5 ,  and another old SMRD 
No lites  
Roger 
Torque and no lites 
45 gallons remaining , John 
Roger 
Roll out 060 
#l ' s  off 
Torque and 3 yellows 
Thank you , Mike 
2 ' s  off ,  a torque and 3 reds 
Res et 6 ,  5 ,  3 
Servos are auto 
Lites are reset 
Torque and no lites 

- 3-

OK Mike , and we past 4 minutes 
We  are in good shape and Di ck Vochl , di d you have a com-
ment a little earlier? 
30 gallons only remaining in the climb tank , John 
Run it out , Vi c 

Di d you say shut it off ,  J ohn? 
No l eave it 12;0i ng 
OK 
When you get down to 8.bout 30 gallons just turn i t  •) ff , 
Vi c .  
Rog , I ' m going to turn i t  off now , John 
Roger 
Launch control , runway check is complete 
Roger , save 
OK Mike , there i s  3 minutes , 3 minutes now 

Roger 
I am on X- 24 oxygen 
I got 85 and cylinder is 1700 
X- 24 air and it i s  at 2800 
Cabin altitude i s  24 , 000 
Canopy defog i s  in heat 
Roger , Mike 
Suit vent is low 
Roger 



E- l ' -- 2 5 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  

2 Minutes  
LOVE : 

NASA 1 :  
008 : 
LOVE : 

NASA 1 :  
VIC :  

NASA 1 :  

LOVE : 
NASA 1 :  
l Minute 
LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  

Roger 
#l i s  39 
#2 is 48- 50 
Control gas 505 
Governor balance 450 
Roger , Mike 
Erect switch erect 
Fast erect on 
Trims are checked 
Roger 
OK Mike 2 minutes , 2 minutes  

Roger , precool i s  off 
Engine bleed 
Prop supply 
Roger , 008 , l a  left 
Roger 
Fuel is 47 
LOX 46 
Release  pres sure low lite i s  out 
Roger Mike , good show 
Power i s  off 
Topoff i s  complete 
Beacon off and pressures are good, John 
Alright Victor , thank you 
OK Mike , there ' s  10 second 
Roger 
OK Mike one minut e ,  mark 

Clock i s  running 
#1 i s  36 
#2 i s  4000 
SAS lites are out 
Heading 55  
ex i s  4 
Beta 1 left 
Roger 
Engine master i s  on 
Roger 
Erect switch cutoff 
Fast erect i s  off 

- 4-

OK Mike , systems are OK at NASA 1 
Release circuit breaker ' s  in 
I will wait j ust a little for the cameras and recorders 
Alright , Mike 
OK cameras and recorders are on 
Roger 

10 seconds 
OK, Mike 



B- 14-25  

LAUNCH 
NASA 1 :  

NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 

NASA 1 :  
LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  

LOVE : 
NASA 1 

LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  
LOVE : 
NASA 1 :  

OK Mike , you are on your way 
12 a 
Here we got 4 
Watch your a Mike , 15 
4 good chambers 
15 a 
You got a good track 
Good heading and we are starting to round out 
You can standby for overdrive and get your doublets 
We got your doublets Mike , and we got overdrive 
You are on your way 
Standby for theta 
Roger 
Got you going thru 50 , 000 ' here 
Check your a 
OK 
Theta i s  good 
OK, Check your a here 
Coming up on 15 
OK check your Mach 
Standby to pushover to 12 a 
Roger , Mach i s  low right now 
We see you at 60 , 000 ' 
Pushing over at . 78 Mach 
Alright 
Check your beta in here 
I got . 8  
OK 
Watch your beta 
We see you slipping out a little bit 
Watching it 
OK, standby for pushover to 5 a ,  Mike 
There i s  the Mach jump 
OK, looks like your beta settle down real nicely 
Standby for your pitch pulse 
Roger 
OK, standby for doublet 
Standby for shutdown , doublets 
We got the shutdown, we got the doublets 
Standby for 8 a and some more doublet s ,  Mike 
We are going to need about 10 ° a left , Mike and 
I got you about 3000 ' high 
Roger 

- 5-

And you can PPOI 
Roger 
I would like about 2 045 heading , Mike , as you come in 
to the intersection 



• 

B- 14- 25 

NASA 1 :  
LOVE : 
��ASA l :  

LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  

LOVE : 

NASA 1 :  

LOVE : 

CHASE : 

NASA 1 :  

LOVE : 
NASA 1 :  
CHASE : 

And we ' d  like to have you work on that a l i t t - e t:- i  t 
Ye s ,  it  i s  in a left bank , John 
That a boy 
OK Mike you can stand by for your 10 ° ex pit :::n pulse 
Check your Mach 
I got 101 
Alright 
We got you coming sub- soni c 
OK, standby for aileron bias POPU at 3 miles 
There is POPU 
Alrighty 
You are about 2 miles 
OK Mike , go back to 7 ,  13 ° 
Start the left turn now 
Roger , starting left 
I got you about 3000 high and make it  a pretty good 
left and you will have to get that sidesli in the 
turn 

- 6 -

We see  your sideslip 
When you fini sh that lets go prop supply off and ,4 etti son 
SAS to 4 ,  3 ,  2 and keep her coming left 
I am going to need about a 340 heading 
I got low key , John 
Coming clean 
Get your roll servo 
Stop j etti son 
#1 roll is off , Mike 
Put her back again 
Stop j etti son , tanks and bleed 
2 miles and get a configuration change when y )ur Mach i s  
good 
OK, we got you closed up 
You can get your pulse here 
Got your pulse  and you are l mile  
Your energy is  great 
Give us a rocket check 
Good rocket check 
l and 3 hydrauli cs on and you got it 
Roger 
I got 28o , Bill 
I am a little outside of your , Mike 
I will be in there in a minute 
Helium master #2 , Mike 
On the left side 
Helium master switch #2 
I think I did it  
Alright 
302 , Mike 
Milt Thompson will be pround o f  you 



B- 14- 25 

NASA 1 :  
LOVE : 
NASA 1 :  

LOVE : 
CHASE : 
LOVE : 
CHASE : 
LOVE : 
CHASE : 
LOVE : 
CHASE : 

NASA 1 :  

LOVE : 

TAPE #2 
NASA 1 :  
LOVE : 
NASA 1 :  

LOVE : 
NASA 1 :  
LOVE : 

NASA 1 :  

LOVE : 

NASA 1 :  
LOVE : 

Gc t you at 40 flaps , Mike 
Rog 
OK , you got all clo s ed up 
Mach repeater to . 3  
Got my flaps 
5000 , 290 and the rpm i s  92 , Mike 
Roger 
1200 ' 
Roger 
Call that 100 , Mike 
OK 
50 , you got 3 good gear , Mike 
20 I '  15 ' 10 
OK, balloon j ust a little 
5 ,  4, 3 ,  2 ,  
How about that 
OK, Mike when you get your airspeed down 
Your no sewheel steering off 
Roger 

OK, Mike that was a dandy 
I got 130 on the clock 
Alright 
Page 22 , on the che cklist 
Roger 
All stations , we  will have a debri ef at 101�5 
OK, throttle is off 
KRA i s  manual 
Camera i s  going off 
Ready for a calibrate? 
Yes s i r , ready for a calibrate 
OK, we got a calibrate 
OK, re corders going off 
Servos going off 

' 

Hydrauli c pump going off 
Roger , Mike 
#1 i s  700 
#2 i s  3500 
Control gas 510 
Governor balance 475 
Landing gear 2600 
Oxygen 1100 
Cabin air about 600 
Engine timer 129 1/2 as I said 
Radar o ff, sti ck shaker coming off ,  fast erect off, erect 
switch cuto ff,  2 attitude switches off 
Getting the canopy open and see you on the ground , John 
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Flight Summary - Fl igh t B-15- 26 

Fl igh t B-15- 26 was flown on 29 August 1 9 7 4  by John Manke . The plan to 
perform a max Mach type profile by f lying to propellant deplet ion was not 
success ful due to a premature engine shutdown . As a result , the primary 
supersonic data maneuvers were no t accomplished . However , suff ic ient energy 
exis ted to perform a normal landing on runway 18 . The s ignificant fl ight 
condit ions were : 

Maximum Mach Number 
Maximum Alt itude 
Maximum True Airspeed 
Fl ight Time 
Burn Time 

1 . 09 7  
72 , 440 feet 
632 kno ts 
7 minutes 4 7 . 6  seconds 
109 seconds 

The data maneuvers that were accompl ished are l isted below :  

Mach No . a Maneuver 

. 84 1 5  Pitch pulse (power on) 

. 9 8 10 Pitch pulse (power on) 

. 6 8 - . 70 14- 2-16-13 Pushover-pull up 

. 55 - . 59 10-2-15-8 Pushover-pull up ( 20°  upper flaps )  

A detailed analys is of the data did not reveal the cause of the pre
mature engine shutdown except that it appeared to be from fuel starvation . 
Upon inspection of the fuel tank a two inch crack in a weld j o int was 
found on the bulkhead be tween the two compartments in the tank . It is 
felt that this crack prevented the complete trans fer of the fuel from 
the aft compartment to the forward compartment thus caus ing a fuel 
starvat ion shutdown . The tank has been shipped to Mart in Marietta Co . 
for repar . 

The fueslage pressures ( group I I )  were hooked up for this flight . 
However , the pressure connected to Box 3 were invalid due to frozen 
mo isture in the reference line . The center fin camera was reorientated 
to view the left hand fin and aft body tuf ts . These photos are being 
analyzed . 
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X-24B Fl ight Request 

15 August 19 74 

Flight No : B-15-26 

Scheduled Da te : 23 August 1 9 7 4 Fit::o>Tl zq Pu�y.-'�.:t /<} ?.:tt 
John Manke Pilot : 

Purpose : 1 .  Envelope Expansion to 1 . 68 Mach number .  

2 .  Stability and Contro l  at Mach numbers > 1 . 0  and 5 ° ,  8 °  and 
12 ° a .  

3 .  Supersonic performance and longitudinal trim . 

4 .  Body Pressure S urvey ( Group I I ) . 

5 .  Boundary lay er noise and vibration experiment (RED PLUG) . 

Launch : West o f  Rosamond , Mag Heading 060° + Cross Wind Correction Angle . 
45 , 000 fee t ,  200 KIAS . Flap Bias "Manual" , Upper Flaps =-40° , 
Lower Flaps = 2 7° , Rudder Bias Mode "AUTO" , Rudder Bias = 0 ° . 
Rudder Trim = 1 °  Left . Ai leron Bias = + 7 ° , SAS Gains 6 ,  5 ,  3 .  
Mack Repeater "Manual" = 1 .  0 ,  KRA "AUTO" . Hydraulic Pumps 2 and 
4 on . 

. Landing :  Rogers Lakebed Runway 18 

B- 5 2  Track : X-24B Track #2 ( R2515 , Work Area I )  

ITEM TIME ALT 

1 0 4 5  

2 30 4 5  

'3 8 3  6 3  

4 95  68 

5 104 7 1  

A/S  a 

200 5 

230 15 

14 7 15 

150 10 

165 10 

M 
T 

. 74 

. 85 

EVENT 

Launch , Light 4 Chambers , 
Trim to and Maintain 1 5 °  a .  

At 30 sec . Turn Overdrive on . 
Perform pitch pulse . 

. 83 At 6 3K pushover to 10° a .  

. 95 At . 9 5 MachT , perform a 
pitch pulse . 

1 . 05 At 1 . 05 MachT , pushover to 
6 ° a .  



ITEM TIME ALT A/S M EVENT 
T 

6 1 16 72 205 6 1 .  30 At l .  30 MachT , pushover 
to 5 °  a .  

7 123 7 2  2 4 2  5 1 . 45 Perform rudder and aileron 
double ts . 

8 131 69  300 5 1. 68 Engine b urnout . Perform 
rudder and aileron doublets . 
Trim to 8 °  a .  

9 142 64  310 8 1 .  55 Perform rudder and aileron 
double ts . 

10 146 61 310 s 1 . 4S Perform POPU S 0 - 4 °  -12°-
s o  a .  Trim to 1 2 °  a .  

11 161 53 290 12 1 .  20 Perform rudder and aileron 
doub lets . Pushover to 5 °  a .  

12 1 78 48  240 5 . 9 2 Perform POPU , s o  -30 -15 °-
5°  a .  Ret rim to 15 ° a . 

13 199 39 255 15 . 80 Perform pitch pulse . 
Pushover to 5 °  a .  

14 2 10 36 240 5 . 7 2 Perform POPU , 5 °  -3°-1 5 °  -
12 ° a . 

15 2 2 1  32 245  12  . 6 9  Intersection , turn to low 
key heading ,  set SAS Gains 
to 4 ,  3 ,  2 ,  a t  . 58 MachT , 
change con fi guration to 
-20° upper flaps . 

16 251  2 5  260 12  . 60 Perform PUPO , 12 °-15 °-4 °-
10 ° a .  

1 7  290 21 230 10 . 52 Low key , Ill & 113 hydraulic 
pumps on . 

18 Change Mach repeater to 0 . 3  
during final . 

2 



NOTES : 

1 .  

2 .  

3 .  

Nose Ballas t 120 lb s (+ f ive 

Weight-lbs 

Launch 13550 
Shutdown 86 30 
Landing 86 30 

Engine S /N 8 ,  Pump S /N 8A 

Th rus t - lb s / chamber 
LOX Flow Rate - lb /sec/chamber 
WALC Flow Rate - lb /sec/chamber 

4 .  Power on Base Drag Reduction Cc 
4-'l o 

5 .  Pitch atti tude null at � .  

9 3  lb batteries ) 

cg-% 

65 . 9  
64 . 0  
6 3 . 9  

NORMAL 

2 150 
4 . 5 1 
4 . 05 

- . 005 

( gear down) 

OVERDRIVE 

2450 
5 . 045  
4 . 5 3  

Ground Rules for NO LAUNCH : 

1 .  Rad io , radar , PCM failure 
2 .  Elec trical or  SAS malfunc tion 
3 .  A/ S ,  alt itude , Machmeter failure 
4 .  Angle o f  attack o r  sides lip mal f unction 
5 .  Any control sys tem mal func tion 
6 .  LoSJ; o f  cab in pres sure 
7 . Turb ulence be low lOK in excess o f  modera te 
8 .  Surface w inds greater than 20 kts or  cros swind greater than 10 kts 
9 .  Fail ure o f  engine cont rol box hea te r 

10 . Failure o f  stick shaker 

( In addition to standard ground rules published in Lift  Body Joint 
Operations Plan) 

Alternate Situat ions After Launch : 

3 

Failure 

1 .  Radio , radar , PCM 

2 .  Only One Chamber Operates 

3 .  Only Two Chambers Operate 

Action 

Proceed as planned 

Vec tor for RW 02 Rosamond , shutdown 
chamber , j e ttison,  change configura tion 

Turn overdrive ON , maintain l5°a . 
Pushover to 10 ° a on NASA I Call . 
Shut down at  0 . 9  MachT . At shutdown 
pull up to 15 ° a and proceed wi th 
the Mach . 8  pitch p ulse . 



Fai l ure 

4 .  Only Three Chambers Operate 

S .  Delayed Engine Light 

6 .  Ove rdrive Failure 

7 .  Total damp er failure any axis 

8 .  KRA "AUTO" Fail ure 

9 .  Angle o f  At tack 
( Indicator Only ) 

10 . Total Angle o f  At tack 

4 

Ac tion 

Turn overdrive ON an d maintain 1 5 °  a .  
At S 8K ( . 9�) pushover to 1 2 °  a .  At 
l . OSMT pushover to S 0  a (overdrive stays 
on) . Engine burnout at 1S9 sec , Mach 
1 . 2S ,  proceed as planned with � d�bl�f3 
p;,]p� at Mach 1 . 2  and 12° a . 

Proceed as planned us in g lS0 a b ut limi t 
8 to S0° . Poss ib le burnout 132 sec/ l . S 3 
Mach No . 

Maintain lS 0 •  At 61K ( . 85 MT) p ushover 
to 1 2 °  a ,  at l . OS Macht pushover to 10°  a ,  
at 1 . 2  Macht p ushove r  to S 0  a and proceed 
as planned . Burnout at 1 39 sec , 1 . 50 
Mach and 310 KIAS . 

Fly 2 chamber profile , Main tain l S 0  a 
( 1 3 °  a for a pitch damper failure) . 
Shutdown on NASA I call . Roll or  Yaw 
fai lure set KRA to "MAN" 0% . I f  roll 
failure turn YAW damper OFF . Pitch 
fail ure , close-up to -24 ° upper flap at 
low key . Limi t Mach t o  1 . 1 .  

Set to manual 10% and p roceed as planned . 
If  "MANUAL" mode inoperat ive-swi tch to 
"EMER" Pos it ion and set to  above value . 

Proceed as planned us ing backup angle 
of at tack gage . KRA "MANUAL" 10% , 
st ick shaker o f f . 

0 to 30 seconds ; fly two chamber profile 
use 200 KTS ins tead of lS degrees a. To 
rota te set the lower flap at 2 4 ° until 2 30 
KCAS then fly 200 KCAS . (KRA Manual 10 
percent , stick shaker o f f) . 

30 to  100 seconds ; Fly three chamber pro
file , ove rdrive stays on , set the lower 
flap at 2 4 ° ,  shut down on NASA I call , 
Fly 2 SO KCAS un til Mach = . 8S then fly 
200 KCAS . (KRA MAN 10% , st ick shaker o f f)  

100 second and up ; shutdown , fly 250 KCAS 
until Mach . 8S then fly 200 KCAS . (KRA MAN 
10% , st ick shaker o f f) 



Fai lure 

11 . A/ S ,  Al titude , Mach 

12 . At t i tude Sys tem 

1 3 .  Rudder Bias "AUTO" failure 

14 . Uppe r  flaps fail to c lose 

15 . Premature Engine Shutdown 

0 - 30 Sec RW 02 Rosamond 
30 - 56 Sec RW 20 Rosamond 
56 - 85 Sec RW 36  Rogers 
85 - 9 5  Sec RW 18 ( RHP) Rogers 
95 - up Sec RW 18 ( LHP) Ro gers 

5 

Ac tion 

Proceed as planned us ing a ,  G and time 
for profile c on t rol . Do n ' t do Ma ch . 6  
PUPO . 

Proceed as planned us i n g  backup 
attitude indicator . 

Swi tch to "MANUAL" mode and toe-in to 
- 10 ° . If "MANUAL " fails close-up to 
-24 ° upper flap . 

Cycle emergency flap swith to closeup to 
-20°  upper flaps . I f  eme rgency f lap 
switch fails , move oAB to 1 1 . 

( . - -l JL /"1.6 l/n"j2) 
JOHNNY , ARMSTRONG · 

I I. 

JAC L .  KOLF I 
:; 
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X-24B DERIVATIVES 

BY 

Alex G .  S im 

On flight 15 three sets  of longitud inal derivat ive s were ob tained 
from flight data . These deriva t ives were ob tained at Mach numbers o f  
0 . 846 , 0 . 9 5 3 ,  and 1 . 001 wi th angles-of-at tack o f  14 . 33 ° , and 15 . 6 6 °  
respect ively and are shown i n  f igures 1 and 2 .  I n  all cases longi
tud inal s tatic s t ab ility and control effect iveness are cons is tent with 
previous t rends . P it ch damping derivat ives agrees with previous result 
at the Mach numbers . 84 6  and 1 . 001 data but not a t  the Mach numb er 
0 . 9 5 3  point . The reason for this d is crepancy is no t completely under
s tood ; however , it is suspec t ed tha t this Mach numb er reg ime cannot 
always be adequately modeled with linerized parameters ( deriva t ives) . 
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COMMENTS ON HANDLING QUALITIES 

Noted Durin� Climb on �1igbt 15 

Johnny G .  Arms trong 

l� tn� �il�� �o teJ two dis tinct levels of  longitudinal 
stability dur ing the cl imb . The vehicle was described as one that was 
easy to control early in the cl imb ; changing to one that was more diffi
cult to control . The at tached figure p resents a t ime history o f  this 
t ime per iod . No te that initially the pilot could maintain the target 
ang le of at tack of  15 degrees to ± . 5  degrees ; whereas later the angle 
of at tack deviat ions were ± 1 . 5  degrees . It  is fel t that this lack of  
prec ise control is due to  low leve ls of dynamic pressure at  a flight 
condition (Mach & a) where Cm is at a low value ( sec X-24B Deriva
tives in this report ) .  No te �n the figure the rap id decay in dynamic 
pres sure to a minimum value of 51 psf . 

The following tab le summarizes the condit ions during climb on the 
past four fl ights where maximum performance type profil� were flown . 
No te tha t on success ive fl ights each pi lot flew higher cl imb angles 
resul ting in lower dynamic pres sures in the climb . Each p ilot observed 
the reduct ion in controllab ility as indicated by the higher pilot rat ing . 

Fl ight No Pilot Pitch Angle Min A/S Min q P itch 
leg KTS PSF PR 

12  Love 3 7  1 7 1  8 4  3 

1 3  Manke 40 164 76 2 1 / 2  

14 Love 4 3  145 62  4 

15 Manke 4 7  1 34 51 3 1 / 2  t o  4 

In summary , this handling qual ities charac teristic can be expec ted 
to occur on future fl ights when s imilar low q flight condi t ions are 
encountered . 



Technical Debriefing 

Fli ght B-15-26 

2 9  Augus t 19 74  

Pilot : John Manke 

1 .  Describe the launch trans ient ( 200 K IAS ) and compare to th e 190 KIAS 
launches . 

Answer : 

Launch t rans ient 200 knot s  compared with 190 knots , launch couldn ' t  tell any 
dif ference as far as launch trans ient goes . Thi s  was a head in the cockpit 
launch and I was attempting to ge t to the chamb er swit ch j us t  about as  q ui ckly 
as I could , I hit the launch switch and then looked righ t  down at the 
chamb er swit ches and hit 1 and 3 .  S o  from my s t andpoint this launch didn ' t 
change at all from the other ones . It  was a very mild launch . 

2 .  Dis cuss the engine li ght sequence . 

Answer : 

Engine light sequence was chambers 1 and 3 first and then 2 and 4 .  
a good quick ligh t , engine came up nicely on the first two chambers 
next two came up very nicely too , so it was a very good light . 

It  was 
and the 

3 .  Discuss the handling qualities during the rotation . Rate p it ch ,  and 
lateral directional . 

Answer : 

Handling qualities during the rotation are much like they have been . I tried 
to ge t the 15 degrees a as q ui ckly as I could . I t  handled much like the 
s imulator .  No p roblem at al l ge tt ing up to alpha and ge t ting the engine go
ing . I guess a t  this p oint I ' ll ment ion again as we did in the o ther deb rief
ing that the task to maintain 15 de grees angle-of-attack changed apparently 
wi th Mach numb er somewhere in the rotation . It  goes from an airp lane that ' s  
very nice to hold angle- o f-attack and bank angle to an airp lane tha t becomes 
much more difficult to hold angle-of-at tack w ithin the original l imi ts .  To
day was the first t ime that I could really s ense the change in the airp lane 
it seemed to be a very d i fini te s tep f rom one airp lane to the othe r ,  one tha t 
was easy to control in u to one tha t became more difficul t .  I t  also s eemed 
to indicate mo re o f  task to keep the bank angle s t raight . The airp lane seem
ed to wobble a little bit  when we reached this particular threshold and the 
pilot rating task all the way round would p robable deterio�ate at l eas t one 
and a hal f points on the Cooper s cale . You mi ght go from a 2 1 / 2  to a 3 1 / 2  
t o  a 4 ,  so  i f  I ' d  rated i t  before this particular thresho ld I p rob ab ly would 
have rated the airp lane ab out a 2 1 / 2 , thi s  is overall handling q uali t ies . 
Then once we ge t b eyond this threshold I ' d  rate it  down to 3 1 / 2  to 4 ,  and 



its interes ting to pick up the change so readily . This time its very similar 
to the thing we see when we go transonic when you ge t that change in the 
airp lane there . The pitch effec t is so much different wh en you go s uper
sonic you feel light in the airp lane but here then was something else I could 
fee l .  W e  should persue this p ressure thing that Arms trong had been doing . 
I don ' t remember in what Mach number range he was seeing these things . We 
no ticed then be fore decelerating power off  and there was definitely something 
here this time and I think it was around . 7  or . 8  Mach number . 

4 .  Compare the vehicles response to the Mach 0 . 84 pitch pulse (power on) at 
15 degrees a with the simulator . 

Answer : 

Here again the airplane appeared to be j us t  a lit t le b i t  b e tter damped . I 
pushed it over and then had to physically pull it b ack up to 15  degrees a .  
The simulator shows the same tendency b ut i t  seemed like it was mo re damped 
in the airp lane than it was in the simulator . 

5 .  (a)  Di scuss the task to maintain 15 degrees a and rate . 

Answer :  

The task to maintain 15 degrees a and rate , I ' ve already done that on question 
3 .  For overall handling qualities the task to maintain angle-of-attack is 
noted about a 2 1 / 2  early in the rota tion and as we reached this thresho ld 
it goes to 3 1 / 2  to 4 .  

5 .  (b)  How did maximum 8 compare wi th the simulator? 

Answer :  

Compared pre tty much with what we saw this morning in the simulato r .  The 8 
bug came down and went j us t  below the line indicating that we hit about 48 
degrees and maybe 48 1/2 degrees . 

6 .  Discuss the handling qua lities above . 85 Mach number at 10 degrees a with 
power on . Compare to p revious flights where 12 degrees a was used . Rate . 

Answer : 

We don ' t s eem to ge t the magnitude o f  the sideslip a t  10 degrees a as we do at 
12 degrees a .  My last flight was at  12  degrees a through this Mach region 
arid we got some pre t ty good s ideslips . There were s ome sideslips here on this 
fligh t  b ut didn ' t s eem to be the magnit ude and sideslip doesn ' t  tend to stay 
out here at 10 degrees a like it  does at 12 degrees a .  At 12 degrees a the 
pilo t gets the feeling like its going to s t ay out there for a while • I don ' t  
ge t that tendency at 10 degrees a .  It looks like it goes out and comes righ t  
back in . I no ticed here at 10 degrees a before the Mach j ump that I was having 
some difficul ty in holding 10 degrees a .  This is a trim change area in here 
so the angle-o f-attack does s tart changing on you a lit t le bit . I had a little 

2 



more diffi culty with the 10 degrees a in the airp lane today than I had been 
in the s imulato r ,  part of it I guess was trying to ge t it set up for the 
pitch pulse but even at that I wo rked at it a li t t le b i t  harder and I ' d 
probably rate that at a 3 .  

7 .  Compare the vehicles respons e to the Mach . 9 5 pitch pulse with the s imula
tor . 

Answer :  

Th e vehi cles response to the . 9 5 p i t ch pulse as compared to the s imulator 
was very much the same , I couldn ' t really tell the dif ference . 

8 .  Dis cuss the handling Qualities ab ove 1 . 0  Mach numb er at 6 and 5 degrees 
a with power on. Rate . 

Answe r :  

I Can ' t s ay very much about the handling qual i ti es above 1 . 0  Mach numb er b e
caus e right after th e Mach j ump I pushed over going to 6 degrees a and b e fore 
L got to  6 degrees a the engine q ui t . From that point on I held a high 
angle-o f-at tack so  we could get the airspeed down and get i t  cleaned up . I 
flew about an ave rage o f  15  1 / 2  degrees a j us t  up on the s t i ck shaker boundary 
continually , 15 to 16 de grees . 

9 .  Discuss pushove r - pullup maneuver at . 7  Mach numb er .  

Answer :  

This act ually occured a little above . 7  Mach abo ut . 73 .  I pushed over t o  about 
4 degrees a back up to a little over 15 degrees and th en back down to  12 degrees , 
about the same as p racticed in the s imulator . 

10 . Dis cus s  p ullup - p ushove r  maneuver at . 6  Mach number with -20 de grees 
upper flaps . Comment on any b uf fet encountered . 

Answer :  

That went j us t  as we had planned . I s aw right around . 6  Mach number when we 
did i t . The only buf fe t I go t was around 1 3  1 / 2  degrees to 14 degrees a and 
up to 15  degrees a .  I expec ted to see buffet about 1 1  1 / 2  degrees to 1 2  de
grees but it was delayed a l i t t le b i t . Mayb e my Mach had slipped down b ut 
I . don ' t think so , also i f  I did ge t to  the c rossover region i t  was much 
easier to fly thru the c ros s-over in the airp lane than its  b een in the s imu
lato r .  Th e s imulator takes a real e f fo r t  to  ge t to  1 5  degrees a ,  I did the 
cross over at about 14 degrees a in the s imulator and really had to p ull on 
it to ge t 15 degrees a in the s imulator .  

11 . Dis cuss the energy management from the "Inters ection t o  low key " .  

Answer : 

Th e energy management t o  low key was s trictly on Mike ' s  c alls , I didn ' t  look 
out of the airp lane . I did look out a coup le o f  t imes b ut I was j us t  flying 
acco rding to Mike ' s  calls . 

3 



1 2 .  Discuss the pattern . 

Answer : 

The pattern was set  up perfectly for low key I don ' t remember the altitude 
but what ever it was , it was a textbook pattern I didn ' t use speedb rakes at 
all . Rolled out on final mus t  have been 10 , 000 feet or 11 , 000 feet at almost 
300 knots . Ai rspeed stayed between 300 and 280 knots all the way on f inal 
approach . I had a long t ime at that a irspeed and it was j us t  the nicest 
flying airplane during that portion of  the flight that I ' d  ever flown . I had 
time to sit there and look and lis ten and the airp lane was so smooth . I t  
was like flying o n  an arrow there wasn ' t  any bobblin g .  I can ' t  explain how 
smooth i t  was . I was overwhelmed at how the airplane sits there like a 
rock and j us t  go on down the line . Lucked out and got a good glide s lo�e s o  
I didn ' t  have t o  change it a t  all . It  was almost a hands o f f  300 knot app roach 
and boy its stab le ! 

13 . Dis cuss the landing and roll out . 

Answer : 

The flare and landing were very normal . Very nice airp lane to f lare and to
day I thought I could s ee a ground ef fec t in the aircraft . I had a lot o f  
time after the flare with the extra 7 o r  8 knots that I had . I had quite a 
bit o f  time to adj us t the rate of s ink and alpha while waiting for 240 kno ts 
for th e gear . When the gear came out I set up a rate of s ink and was j ust  
flying it  on down and I reached the point where I felt tha t I had a change 
in magnitude of controllab ility o f  the ai rplane . I continually work with 
the airplane on the way down . I th ink you see that i f  you look at  the p ilo t 
stick ,  he ' s  moving it 'all the time and that ' s  his way of trying to f ind out 
what respons e he ' s  go t in the airplane and wha t the airplane ' s  doing . I 
had a lo t of  time to do that today and I kept flying it on down until I 
reached a cer tain point where I felt I had superior control over the air
plane . 

4 



September 12 , 1 9 7 4  

TO : DOEER 

FROM : W . B .  Arn o ld - TII IOKOL 

SUBJECT : Pro pul s i on System operation F l ight B - 15-26 

SUMMARY OF ENG I NE  OPERATION 

1 .  All chamber s tarts were norma l .  

2 .  Dur i ng the t ra nsfer into overdr ive pch t h e  #1 a nd # 2  chamber 
pres s u r e s  increa sed norma lly . The #3 chamber pre s s u r e  indica t ion 
delayed s i x  seconds . The #4 c hamber pr essure never ind ica t ed 
a n y  i ncrease . 

3 .  Engi ne shut down was prematur e ly encou n t er e d  a t  a pprox ima t e l y  
10 8 seconds due to l oss o f  fuel ma n i fold pressure .  

4 .  The #4 ch amber Rre s s u r e  r e c or d i ng dela yed respondi n g  
a p prox imat ely o n e . second dur i n g  the shutdown tra nsi ent . 

I SCUSS ION 

. T h e  fa � l u r e  to obta i ri correct cha mber pressure i nd i c a t ions a r e  
� qa i n  t he resu l t  o f  fr eezi ng i n  the #3 a nd # 4  chamber. pressure l ines . 
T� � - 4 3  pch ind ica t i on was norm a l  d urin g the shu tdown t ransien t . The 
;:.--4 p :::: il d eca :;r wa s d e l a yed one second a s  a resu lt o f  the f reez i ng . 

Th e pre�a t ure engi n e  shutdown was in itiated b y  16w fuel ma n i f old 
pr e s sure due t o  loss of fuel pump d is ch a r ge press ur e . The loss · o f  
fu e l  pum p d i sch�rge pressure is normally a ssociated wit h  f u e l  
e ·� � a u s t i o n  or f u e l  ta n k  unport i ng . Howeve r , there sho u ld have been 
a l a r g e  amount o f  f Ue l rema i n i ng a nd pred i c t e d  ' pr o pel l a nt sur f a ce 
a n � l es i nd i ca t ed that t a nk out let unport i ng wa s not l i ke l y . 
Ol!S ;::> i c i o n s  were t h e n  d i r ected t o  a poss i b l e  lea k i n  t he bu l khea d 
h e : w e e n  t he f o r ward a nd a f t compa rtmen t s  o f  the fuel t� n k . A lea ka ge 
t e s t  of t h is bu l khea d was accom p l ished by f i l l i n g  the forwa rd 

· 

c o� pa r t ment w i t h  water a nd ins pect ing the bulkhead through a port in 
t j e  a f t  compartment . This i nspec t io n  revealed a gross laak i n  the 
r i � h t  ha nd u pper ha l f  of the b u l khead w i t h  o nly the h�ad pressure o f  
t h e wa t er i n  t he f orwa �d com pa rtment . I t  i s  assumed tha t t h i s lea k 
pr e ven t ed comple t e  f ue l  tra ns fer from t he a f t  com partment due t o  
p � essure dif f ere n t i a l s  ca used by leaka ge o f  t he pressuri z ing gas 
i n t o  the forward compart ment . 

OR RECT ! v� ACT I ON 
1 ·. F l o wcheck a l l e ng i ne chamber pre s s ur e  l i ne b leed or i f ic e  

a �d correct a s  requ i red . 

2 .  Pu r ge a ll pch sensing s ys t ems. 
3 ,  Rep� ir a ircra ft fuel t a n k bulkhea d .  
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DATE 

2 J u 1  71 
� .T 1 7 3 
h .Tnl7 

10 J u l  7 3  
119 Jul 7 3  
2 4  J u l  7 3  

1 Aug 73 
17 AuQ 7 3  

!31 A uQ  73 
18 Seo 73 

3 Oct 7 3  
4 Oct 7 3  
4 O c t  7 3  

3 0  Oc t 7 3  hi_ Oc r � 
1 3  Nov 7 3  115 N o v  7 3  
1 2  D e c  7 3  

11� FPh 76. 
'i M:>r 76. 

IQ M:>r 76. 
2 2  Aor 74 
23 Aor 74 
2 5  Apr 74 
30 Apr 74 
24 May 74 
14 J un 74 
ffi"Jun 74 

8 Aug 74 
!9 AuQ 74 

AFSC FORW JAN 6S 

Fl ight ILauncn, 
Number P ilot ALT/A/S 

B-lC-1 Manke 
B-A-2 Manke 
B-1-3 M�tnke 4 0 / 1 7 5  
B-2-4 Manke 4 5 / 1 7 5  
B-3-5 Manke 45/180 
B-4-6 Hanke 45/185 
B-2G-7 Love 
B-A-8 Love 
B-5-9 Love 45/185 
B-3C-10 Manke 
B-A 1 1  Manke 
B-A-12 Nanke 
B-6 13 Manke 40/185 
B-7-14 Manke 45/185 

R--8 .• 1 � •T.nvP l4'i/1R'i 
R-9-lf. I M;mkP l 4'i/l 84 
R--A -1 7 I TnuP 
B-4CA- 18 Love 
B 4CA- 19 Love 
B-4C-20 Love 
B 1 0-21 Love 145/190 
B-11-22 Manke 4 5 / 190 
B-12-23 Love 14 5/190 
B-13- 24 Manke 45/190 
B-14-25 Love 457190 
B-15-26 Manke 45/200 .. . 

185 d 

X- 2 4 B  F L I GH T  L O G  
Launch MAX MAX Ml\1\. 1r.L1.gm: nurn .::;amr 
Area MACH True ALT Time Time Runway REMARKS 

A/S Fee t  IMl.n : :sec :sec 
KTS 

-11 En<>ine run -f. -i'axi runs with L D rockets 
2 taxi runs with -11 engine 

t"xi rnn w th - PnPinP 
Mated taxi test 
Svstems check. Pvlon damping 
Abort due to failed SAS Gvros 

S .  Rosters . 652 400 40000 4 : 1 1 . 5  Gl ide 18 20° Unner Fl""" 
S .  Rogers . 6 61 390 45000 4 : 2 7 . 3  Glide 18 
S. _Rosters 730 416 45000_ 4 : 37.8 Glide 18 F el iPtti,:;nn tP<:t 
s .  Rosters . 691 391 45000 4 : 30 . 8  Glide 18 Fuel iet ti son test 

Pi Tnt- -t-r:>inin<> 
Abort due to Rudder CALB Fixture 

s .  Rogers . 689  395 45000 4 : 39 . 0  Gl ide 18 Pilot checkout 
Proo svstems Pvlon damoinst 
Abort-d te  tn l<>ni tPr -failure Ahnrt- ilou> t-n rlnuil-., 

Rosamond 917 519 52764 6:44 . 7  150 llR FirQf- �m.oo�o.-1 fl i<>ht 
Rosamond . 993 560 162604 17�14.8 131 llR 
S Rn<>Pr" .f.R1 1Cll 145000 ls,o7.7 C:lirlP 11 � 
r.urlrlPh;t<'k 11 . 08(, l f>1'i 160114 17�17.2 116 11�> 

Ahn�t- .-l .. o t-n rln ,.-1� 
Abort due to T V Monitor fire in B-52 
Ahnrt- rl '"' tn R-'i2 Lox Ton Off Svstem 
Aileron Deab Band investigation 

Rosamond . !l/b I::>OZ I)ZU4U lb : ::>9 . 1  P't u-s De aved Lite nrofi e 
Rosamond 1 . 14 654 55979 7 : 28 . 9  156 18 # 1 didn ' t  l i te , 3 chamber al ternate 
Rosamond l .  23 704 . 165512 6 : 45 . 4  106 1 8  
Rosamond l. 39 799 68150 7 : 07 . 6  1 1 7  18-
Rosamond l .  54 888 7 3380 lb : 35 . !l  13U ll!l Engine POGO due to H70? UNPORT 
Rosamond 1 . 09 7  6 32 72440 7 : 4 7 . 6  109 18 Premature shutdown , crack in fuel tank 

. 

GENERAL PURPOSE WORK SHEET (13• X &•) AFSC·MFB·WASH.,D.C. PIU!VIOUI ItDITIOM OF THII FOIUII MAY 8E UIED. 



X- 24B OPERATIONS FLIGHT REFO R'I' 

FLIGHT : ___ .=:.B-"""'"'1:;::5:.._--=2�6 ______ _ 

PILOT : ______ �J�o�h�n�M�a�n�k�e�------------

DATE OF RE:t-'ORT : __ __:::l..::o.OL/2=-</'--'7--'4'---

DATE OF FLIGHT : __ �8.L/=.2 9::..J/'-'7--'4'----

CARRIER AIRCRAFT : B-52 #008 LAUNCH LAKE : Rogers Lakebed 

PURPOSE OF FLIGHT : (1 ) Envelope Expansion to 1 . 68 Mach Number , 

(2) S tability and Control at Mach Number > 1 , 0  and 5 ° ,  

(3 )  Supersonic Performance and Longitudinal Trim . 

( 4 )  Body Pressure Survey ( Group I I ) . 

( 5 )  Boundary Layer Noise and Vibrat ion Experiment (RED PLUG) . 

I .  Discuss ion of Previous Operat ions 

Engine opera tion during flight 14 was normal unt i l  short ly before p lanned 
shut down when all engine pressures osci llated for approximately 10 second s .  
The oscillat ions damped out prior t o  shutdown which was norma l .  

All other systems operated normally . 

II . Vehicle Configurat ion Changes 

A new mount was fabricated t o  realign ehe center f in camera to view the in
board sur face of the L . H .  fin , the aft crown hat ch and the transit ion area 
between them . 

I I I . Instrumentat ion Changes 

1 .  The body pressure t aps were repat ched to pi ckup body pres sures . 

2 .  The original # 1  hydraulic bat t ery voltage sens ing sys tem was deleted in 
favor of a parallel system .  

IV . Preflight Event s  

1 .  The propulsion system was checked over for possib le causes for t he pres
sure oscillat ions . Data analysis indicated a probable unpart ing of the 
H202 tank during the period of oscilla t ions . 

Procedures for f light 15 were changed t o :  

B-15-26 
Page 1 of 2 



a .  Service the HzOz tank t o  overf low to  increase quant ity from 1 7  to 
:::: 18  ga l lons . 

b .  Dele t e  pre launch landing rocket check firing . 

c .  Rep lace the turbopump catalyst pack wi th a new uni t to  decrease 
Hz02 f lowrat e .  

d .  Pushover to 6 °  a inst ead o f  5 °  t o  improve the propellant angle 
cond it ion . 

2 .  Al l p r e f l ight funct ionals were accompl ished sat isfact orily . 

V .  Flight Events 

1 .  The f l i ght was s lipped from 8 / 2 3  to  8 / 2 9  for a special B-52 inspect ion . 

2 .  F l ight se rvicing on 8 / 2 9  was made without inc ident . 

3 .  Takeo f f  was de layed approximate ly 45 minutes while a problem which the 
yaw SAS amber ligh t  was resolved . 

4 .  The #4 engine starter would not operate electrically on the B- 52 and the 
ground crew operated the control valve manual ly to  get the engine 
started . 

5 .  The f l ight was normal until  the engine shut down premature ly after 109 
seconds of normal operat ion . 

6 .  The vehicle was in good shape af ter land ing . 

by :[!(!� Df:: � • I) �  
,. . t 

Chief , Operat ions 
Engine ering Branch 

X-24B Proj ect Engineer 
Operat ions Engineering Branch 

B-15-26 
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POST- FLI GHT : 
DATE : 
PILOT : 

B- 1 5 - 26 
August 29 , 1974 
J . Manke 

OK, thi s i s  Flight B- 1 5 - 26 . Today is the 29th of August . OK, we 
started out with a little SAS problem thi s morning . Chet Bergner 
fi xed that someway or other . Whatever he di d  it never occurred again . 
George , you had better get Chet on your team . ( You want the bulb back 
now ? ) . The B- 52 had a littl e trouble starting the #4 engine . The 
little valve in the starter did nqt operat e .  Hats off to Galena again . 
He comes thru every dog- gone time . He took the cowl o ff the engine , 
got in there on the starter and manually opened the starter valve , got 
it going and he held it open while it started.  Thos e  guys do a fan
tasti c j ob down there . 

OK, everything else went reall well . Boy , it was a good day . I don ' t  
think we had any hang-ups on our che cks . Had a good indi cation that 
we had a lot of peroxi de in the tank . The peroxide tank pres suriza
tion was a little bit di fferent thi s time than before . Just like 
there was not anything at all , it j ust popped right o ff .  At least 
we had that full . Can ' t think o f  any other hang- up s . 

The launch was very normal . A real good engine lite . I got the 2 
chambers right after I hit the launch switch and the engine started 
right up . I got 1 5  a and then the other two chambers came up and I 
really thought that we were on our way . Everything looked real goo d ,  
at 3 0  s e conds and we got the overdrive on and I could feel the change 
in thrust at that time and knew we had a good one . Got the pitch 
pul s e . I t  i s  even a little more deadbeat here in the airplane than 
it was in the s imulator . I pushed it down a little bit but it di d not 
come back up so I had to pull it up again . The simulator show s that 
that tendency but not qui te as much . May Mach number appeared to be 
low during the boost . I think I called that out to you . I had s ome 
check points at 50 and 60 s e conds and both times the Mach number was 
low ther , and the alti tude was just. a little bit low too . About 500 ' 
low at both points . As I approached 63 , 000 ' , I don ' t  think I even 
had . 8  Mach number and we normally have . 83 or . 84 s omething like that . 
So that was consi derably lower than we had expected to see . (You say 
normally , s imulator ) Simulator , yes , I am basing the s e  on simulator 
call s . 

I want to back up j ust a little bit . Mike ahd I have both noti ced in 
the profile ,  as we  get a little higher on Mach , it i s  not as easy to 
hold a as it i s  right aft er launch .  Today I could s e e , somewhere or 
other there i s  a de finite break point . After launch was able to hold 
1 5  real well and then all at once , whether it was a shudder in the 
airplane or a change ,  it i s  a change that I could feel in the airplane 
and a became a little bit loose again and also the ai rplane takes 
more aileron to keep the wings up . I t  j ust start s slo shing around 
a little bit . It i s  not unusual for the s e  type things , we have seen 



POST-FLIGHT : B- 15-�6 - 2-

that in other airplanes ,  but today was the first time I was able to 
di stingui sh exactly when that happened .  We could check the Mach n11mb 2r . 
We could see it very well on the traces so I think we can get a pretty 
good Mach number check on that . That may be the . 75 or . 78 areas that 
Armstrong has been looking at with pressure changes .  ( It i s  all that 
exce s s  peroxide sloshing around ) . The task to hold angle of attack gets 
considerably more di ffi cult at that parti cular point and it is not in 
the transoni c region yet . 

OK, pushover at 63 , 000 to 10 a ,  that all went well . Just a little bit 
of trouble with 10 a .  I dropped i t  •one time , i t  scooted down a bit , 
pulled it back up and got the pitch pulse , and here again ,  we were at 
thi s 10 a for a little longer than the simulator had showed before we 
got the Mach jump . Mach j ump is  not as apparent in the airplane as we 
have it set up in the simulator . I see very little jump on the Mach 
gage itself . I g t the clue wi th the altimeter . Maybe a 3 or 400 ' 
j ump in the altimeter . Right at the Mach j ump ,  pushed over to 6 °  a 
was what the flight plan called for , and before I even got to 6 ,  I 
felt thP engine chug a little bit and before I could even get back on 
the stick to get a little g on it , it quit . I t  was a rather qui ck 
shutdown. Damn di sappointing at that time . Mike ' s  calls were great 
at that time . Here again, I can ' t  say enough about our NASA GCA 
type of  approach that we use around here with the guy on the ground 
helping the guy in the cockpit , because Mike ' s  calls were superb 
from there on in . I di d not even look out of the airplane . He told 
me we had enough energy to get 18 left hand pattern so I did not even 
bother to look out . Got on angle of attack and held high angle of 
attack at that point . Chri s you probably saw stick shaker any number 
of times after that . I went for 15 because  we were pitched up pretty 
good, pretty good climb at the time of the shutdown, so the airplane 
started back down so I went to the high a to keep the airspeed down 
and cons erve energy . So we bobbled between 1 5  and 16 quite a bit of 
the time . It works real well though , because you can keep the Mach 
down and you can slow the airplane up and pick up some energy ,  as it 
turned out we gained all of our energy back again. 

Because of the high angle of  attack we slipped through the . 9  area 
too quickly to get any data and besides we were a little low on energy 
at the time , so I did not want to do the pushover pull- up . We got a 
pushover pull-up at about . 73 Mach number , . 73 or . 74 ,  and als o  got 
the . 6  data point . Jettison was just like it ' s  been before . Did not 
noti ce any roll off in the airplane or anything like that . We hit low 
key , very good altitude , 33- 34 , 000 ' . Closed it up and then di d  the . 6  
popu and I did not get any buffet this time until 13- 1/2- 14 ° angle 
of attack , and it s eemed to be a little bit easier to get t o  than the 
15 in the simulator . The simulator crosses  over at about 13-1/2- 14 
and I thought the crossover occurred a little bit later here , and 
that is not the way I remember it from before . S o ,  we will look at 



POSTFLI GHT : B- 15-26 - 3-
that . Just a little buffet at 14 and w ent up to 15 and back down again . 
The pattern was very normal . I t  was a nice pattern . Mike ' s  calls 
were superb . Just listened to tho s e  and drove i t  on into low key . 

It was an excellent pattern .  I di d not us e any speed brakes in the 
pattern at all . We picked up 300 knot s  a long way out . We had a 
long time at 300- 308 knots and i t  was j ust the smoothe st flying thing 
I have ever flown in that area . Today was an excellent day from a 
turbulence standpoint . There wasn ' t  any until I got clo se  to the ground, 
s o  it was a real pleasure flying that thing down the glide slope , j ust 
hanging at 300 and had plenty of t ime . Touchdown probably right around 
175- 180 . Very smooth touch down.  Good control of the airplane above 
the runway . Fai rly long rollout b e caus e I did not us e much brake s .  
And that i s  about all I have . 



FLIGHT : 
PILOT : 
B- 52 : 
LNCH PANEL : 
NASA 1 :  

15 Minut e s  

NASA l :  
MANKE : 
NASA 1 :  
14 Minute s  
MANKE : 
NASA 1 :  
008 : 
MANKE : 

NASA 1 :  
MANKE : 
008 : 
NASA 1 :  
008 :  
NASA 1 :  

MANKE : 

NASA 1 :  
MANKE : 
008 : 
MANKE : 
NASA 1 :  
13 Minute s  
MANKE : 

NASA 1 :  
MANKE : 

. NASA 1 :  
MANKE : 
NASA 1 :  
MANKE : 
NASA l :  

VI C :  
NASA 1 :  
12 Minute s  

B- 15- 26 
J .  Manke 
008 
v .  Horton 
Maj . Love 

15 Minutes , John , 15  
O K  Mike , 15  
1 4 ,  John , 14 

OK Mike , 14 minut es 
2 °  left ,  008 

ENGINE START : 0920 
TAXI :  0935 
TAKEOFF : 0945 
LAUNCH 1046 
LAND : 1053  

2 left , 08 
OK, the pump s are swapped and I got about 2700 on each 
Li t e s  ar e out 
Roger 
I am ready for a pit ch and yaw puls e  
Pit ch first 
Good pitch pul se 
Yaw 
Good yaw pul s e  and when it settles down John thi s i s  a 
good heading for the erect switches 
OK,  Mike 
OK, I am erect and fast erect i s  on 
Roger , 
An d  008 say your heading , please 
240 
OK, thank you 
OK, we just past 13 , John 

OK, Mike 
My trims all look good here , Mike 
Roger 
I put some l eft aileron in there but I gue s s  that ' s  OK 
with you 
OK, its  back up 
I put my damper up 
You can put a little right in i f  you want , John 
OK , I put a little in there 
OK, they s till like it 
Easy to please 
Right 
Vi c we need crui s e  tank quanti ty ,  please 
200 gallons 
Roger 



FLIGHI' : B- 15-26 -2-

NASA 1 :  
MANKE : 
? 

MANKE : 

NASA 1 :  
ll Minute s  
NASA 1 :  
10 Minute s  
MANKE : 

NASA 1 :  
MANKE :  
NASA 1 :  
MANKE : 
NASA 1 :  
MANKE : 

008 : 
MANKE : 
NASA 1 :  
9 Minutes 
MANKE : 

NASA 1 :  

008 : 
NASA 1 :  
8 Minute s  
HORTON 
MANKE : 
NASA 1 :  

MANKE : 

NASA 1 :  
MANKE : 
NASA 1 :  
MANKE : 

12 minute s  
O K  Mike , 12 minutes 

Thi s is  24 I read you 
Roger , understand, thank you very much 
Mike , 8 is  on stati on already 
OK, thank you John . We are just past ll minutes 

10 minutes , John 10 

OK Mike , 10 minutes  
#l is  4ooo 
#2 is 31 
Control gas 500 
Governor balance 455 
Fuel and LOX tanks are z ero 
Landing gear is about 3000 and ready for the pump heater 
cycle 
We are ready ,  turn it off 
Coming off 
Turn it on 
It is on 
Good check 
Thank you 
Say your heading again,  please 
238 thi s time 
Thank you 
9 minutes , John 

OK Mike , 9 ,  
Erect switch cutoff 
Fast erect off 
Both attitudes look very good 
Roger 
OK, start your turn 008 
008 
8 minutes , John , and Vi c you can start topoff 

Roger , 
OK, Mike , here comes the aileron cycle 
Roger , we  are ready 
Goo d  cycle , John 
OK, thank you 
OK, we can get the radio bit ,  Mike 
Still on X- 24 radio , primary , going secondary 
Roger 
I actually read you loud on guard,  Mike 
OK, John , five square back here 
Thank you 



FLIGHT : B- 15- 26 

NASA 1 :  
7 Minutes 
MANKE :  
NASA 1 :  
008 : 
NASA 1 :  
6 Minute s  
MANKE : 

NASA 1 :  

CHASE : 
NASA 1 :  
008 : 
NASA 1 :  
5 Minutes  
MANKE : 

NASA 1 :  
008 : 
MANKE : 

NASA 1 :  

HANKE : 
NASA 1 :  
MANKE : 

7 minutes , John , 7 

OK Mike , · 7  minutes  
Shallow your turn 008 
008 
6 minutes , John , 6 

OK , Mike 
Uppers going to 40 
OK, I see 40 and 27 
Ailerons z ero 
Rudder bias 0 
Rudder trim i s  1 °  left 
Roger 
27 looks good down here 
Chase  aircraft check windshield heat 
1 ,  la , � ,  2a 
OK, resume normal turn , 008 
008 
5 minutes , John , 5 

OK , Mike , 5 minutes  
Going to battery 
Got battery 
Emergency battery switch going auto 
Emergency battery lite is out 
OK, pump 2 and 4 are on 
The lites are out and I got 3100 
Bus loads are 120 , 100 , 110 , and about 45 
SAS gains are 5 ,  5 ,  5 ,  and the old SMRD 
No lites 
Got a torque 
No lites 
#l ' s are off and a torque 
3 yellow 
2 ' s off and a torque 
008 , roll out 059 
008 
3 reds 
Going 6 ,  5 ,  3 ,  
SAS servos are auto 
My lites are set and a torque 
No lites 
No lites 
OK, we are past 4 minutes  John , not to 3 yet 
OK, Mike 
About 3-1/2 now 
Very good 
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NASA 1 :  
008 : 
NASA 1 :  
3 Minutes  
MANKE :  

CHASE :  
NASA 1 :  

008 : 
NASA 1 :  
2 Minutes 
MANKE : 

HORTON : 

NASA 1 :  
MANKE : 

NASA 1 :  
MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  
1 Minute 
MANKE : 

NASA 1 :  
008 : 

Left 2 o 
Left 2 more 
3 minutes , John 3 

OK, Mike , 3 minutes  
On X- 24 oxygen 
I have 170o# and the regulator looks good 
OK, I am on X-24 cabin air 
I have got about 2950 and cabin altitude i s  about 24 , 5  
OK, canopy defog i s  heat and the forward canopy i s  on 
Suit vent is low. 
#1 i s  39 
#2 is about 41 
Control gas 500 
Governor balance about 440 
Erect switch going erect 
Fast erect i s  on and my trims look good 
They are good here 
We like them down here 
3 °  right , 008 
008 
2 minutes , John 

Pre cool is off 
Engine bleed coming on 
Prop supply off 
Pres suriz e tanks 
And they are coming up 
Topoff ' s off,  beacon ' s  off,  adapter i s  off and pres sures 
are good, Mike 
•Roger 
Got about 47 on each 
LOX about 49 
Roger 
Release pres sure low lites out 
Roger 
70 seconds , John 
Alright 
And standby for ·one minute ,  1 minute ,  now 

OK, I got the clock 
My sources are good 
SAS lites are out 
a i s  3 
� i s 1 °  needl e  left 
2 right , 008 
2 right 



FLIGHI' : B- 15-26 

MANKE : 

NASA 1 :  
MANKE : 

NASA 1 :  
MANKE : 

NASA 1 :  
MANKE : 
NASA 1 :  
LAUNCH 
NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  

:tvlANKE :  
NASA 1 :  
MANKE :  
NASA 1 :  

MANKE :  
NASA 1 :  

MANKE : 
NASA 1 :  
MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  

Engine master i s  on 
Erect switch cutoff 
Fast ere ct i s  off 
Systems are all OK John 
OK Mike , release  circuit breaker is in 
And I will wait a second on the cameras 
Roger 
Both cameras are on 
Recorder i s  on 
Roger 
10 seconds , 5 seconds , Mike 
Alright 

OK, John che ck your a 
Y�u got 4 good ones , John 
Watch your a 
Got it 
Track looks good right now 
Pro file looks good 
I have you thru 25 seconds 
Standby for overdrive on and a pitch pulse 
Got your pitch pulse  
You got a good overdrive 
Roger 
Got a good track 
Profile i s  good 
OK 
Check yc::ur a 15 
Got it 
Beauti ful track 
You are right on profile 
Roge r ,  a little bit low 
OK, standby for 60 se conds 
60 s econds , mark 
A little low 
Check your (3 
Looks good 
OK, check your Mach 
Standby for pushover to 10 a 
We have got you thru 60 
Come up on 63 , 000 now 
Mach i s  way low 
Check your beta 
Standby for a pitch pulse 
You got a beauti ful track 
Profile i s  good 
We see you at 10 
OK, che ck your Mach 
Standby for your Mach j ump and push over to 6 a 

- 5-



FLI GHT : 

NASA 1 :  

MAN KE :  
NASA 1 :  
MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  
MANKE : 
NASA 1 :  
MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  
MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : .  
NASA 1 :  

Tape #2 
NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 

B- 15- 26 - 6-

Got your pitch pulse 
See you going to 6 
Got a shutdown , Mike 
OK, John , you will be good for a 18 left hand pattern 
OK 
Prop supply off 
Engine master off 
Good energy for a left hand pattern 
We can come left about 3- 4 °  
OK, Mike 
Watch your a, j ohn 
Got it 
When you get some " G " and you feel like it , go to j etti son 
OK, going j etti son 
You are right in the mi ddle of the 18 left hand pattern 
You got a good track 
You are about 1/2 mile outside right now 
OK 
OK, John , if you could come left about 5 ,  now 
OK Mike , left 5 
Stop j ettison , 
Tank s · and bleed 
Roger 
You are only about 5000 low on the normal 
You are right in the middle of the energy 
That ' s a good heading correction 
OK Mike 
I see  your Mach about . 8 
You are· coming up 15 and get a pitch 

OK, a . 7  popu 
OK, you are only about 4000 low 
Good heading correction 
You are 5 miles 
A good popu 
You are 4 miles  
A beautiful track and you are holding 4000 low 
OK 
3 miles ,  coming up to 2500 low at 2 miles 
And you are coming right into the intersection 
Roger 
OK, you are about 1000 low at a mil e  
You will be  right a t  the intersection 
We can plan on the . 6  Mach popu 
OK, Mike , I will clean it up 
Roger 
We see  them closing up 
An easy turn to 360 , John 
OK, Mike 

-l 
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NASA 1 :  

MANKE : 

NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 
NASA 1 :  

MANKE : 

NASA 1 :  

MANKE : 
CHASE : 

MANKE :  
CHASE : 
MANKE : 
NASA 1 :  
MANKE : 

CHASE : 
MANKE : 

CHASE : 

MANKE : 
CHASE : 
MANKE : 
CHASE : 
MANKE : 
CHASE : 

NASA 1 : 

Check your Mach 
Standby for a . 6  Mach popu 
Yes , I am j ust about at that point 6 
I will swing it around a little here 
OK, you got a nice turn going 
60 will be the right heading 
You are going a little high on the profile now 
You are approaching 3 miles  
And we are going to  have to come left to  345 
OK,  Mike 
We need to go SAS 4 ,  3 ,  2 when you have a chance 
2 miles 
Here it comes 
See your popu 
Good heading 
You are approaching a mile 
Get l and 3 hydraulics after the popu 
You are about 2500 high 
Over the highway 
Swap your hydraulics  
I t  is  all yours John 
I got hydraulics on 
I gues s  I ' m all cleaned up , huh? 
Roger 
Norm sai d  the sources are good you don ' t need to switch 
OK 
246 , John 
20 , 000 
The RPM i s  90 
OK 

290 knots and we are coming up on ll thou 
OK 
Mach repeater . 3  
Good call 
QK, I got 300 knots , ni ce pattern 
300 here , John 
Ni ce and smooth 
I got about 305 - 8  
I got 305 
1200 ' 
Thank you , Bill , turbulence 
100 ' , John 
OK, Bill 
50 , got 3 good ones , John 
OK 
10 I ' 5 '  3 '  2 '  1 
How about that 
No se wheel steering arm still on 
Tell John Galeno we thank him for the ni ce ride 
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008 :  
NASA 1 :  

MANKE :  
? 
MANKE : 
NASA 1 :  
MANKE :  

NASA 1 :  

NASA 1 :  

OK, di d you heat that , John? 
We are going to debri ef at 1200 
All stations , thi s is NASA 1 ,  debrief at 1200 
Alright , Mike I got that 

OK, Mike throttle i s  off 
Roger 
KRA is manual 
Calibrate 
We are ready 
We got a good calibrate 
SAS servos are off 
Hydrauli c pumps are off 
Canopy defogs are off 
Erect switch erect , fast erect i s  on 
#1 helium 
#2 is about 38 
Control gas 5 
Governor balance 460 
Landing gear i s  down to about 25 
Oxygen cylinder about 12 
Cabin air down to about 600 
Engine timer i s  109 
Radar i s  o ff 
Stick shaker off 
Fast erect off 
Erect switch cutoff 
The attitude inverters are off 
I will 'see you later 
Rog ,  John , beautiful recovery 

-8-
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