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1.0 INTRODUCTION

A series of tests was performed in the Longshot Facility
of the Von Karman Institute of Fluid Dynamics in Rhode-St-
Genese, Belgium in support of USAF Grant No. AFOSR-76-2942.
This post test report summarizes the results of sixteen tests
conducted in the Longshot Facility during the periods of
6~17 June 1977 (Phase I) and 5-16 September 1977 (Phase II).

The purpose of these tests was to measure local pressure
and heat transfer distributions on an ogive body configuration
over a range of Mach number and Reynolds number conditions.
Both smooth and rough body data were obtained at three degrees
angle of attack.
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2.0 DISCUSSION
2.1 TEST FACILITY

The VKI Longshot facility was used for this program.
Longshot differs from a conventional gun tunnel in that a heavy
piston is used to compress the nitrogen test gas to very high
pressure and temperatures. The test gas is then trapped in
a reservoir at peak conditions by the closing of a system of
check values. The flow conditions decay monotonically during
10 to 20 milliseconds running time as the nitrogen trapped in
the reservoir flows through the 6° half angle conical nozzle
into the pre-evacuated open jet test chamber. The maximum
supply conditions used in these tests are approximately 60,000
1b/in2 at 1900° to 2500°K. These provide unit Reynolds numbers
of 9.0 x 10% per foot at a Mach number of 16 and 3 x 10® at M = 20.

2.2 MODEL DESIGN

The test model design was an ogive body configuration as
shown in Figure 1. This model configuration was designated as
model K with a smooth surface and as model K(R) with roughness
elements over the entire forebody. The roughened surface was
created by bonding aluminum spheroid particles onto a sprayed
adhesive and coated with a sprayed acrylic. The surface area
was coated with 65 mil diameter particles to simulate a turbulent
flow surface roughness. Figure 2 shows the test model with the
roughness elements bonded to the surface. The local calorimeter
and pressure port areas did not contain roughness particles.

2.3 INSTRUMENTATIDN

The test model was instrumented with both heat flux and
pressure taps located at positions shown in Figure 1l. The
meridian containing the pressure taps is 180 degrees from the
heat transfer gauges. The test model contains nine heat transfer
gauges and eight pressure taps. A heat transfer gauge was
located in the stagnation region.

The heat transfer gauges are smooth calorimeter discs
fabricated of .004 inch copper bonded to an insulating holder.
No roughness elements were applied to the heat transfer gauges.




Nine new PCB model 112A21 high resolution pressure trans-
ducers were supplied with the test model. The new transducers
were positioned at taps 2-7, 9, 1l and 13 representing the
surface locations. The remaining three pressure tap locations
(8, 10 and 12) were blocked off due to a lack of pressure gauges
and limited recording capacity.

2.4 TEST MATRIX

The test conditions for the sixteen runs are listed in
Tables I and II. Two repeat runs were made for a total of
eighteen runs. For each run the actual free stream Mach number
and Reynolds number achieved are given together with the corres-
ponding perfect gas total pressure and temperature. A pitot
pressure probe measurement is made simultaneously with each
run and the measured pressures are also shown.

Runs 570-574, 580-583 represent four sets of tests at
angle of attack. A 3°© positive and negative incidence angle
represents one data set where the heat transfer and pressure
gauges were alternately positioned in the windward and leeward
flow locations. These tests acquired data for both smooth and
rough surfaces at two Reynolds number conditions, nominally
3 x 10® and 9 x 106 per foot. Runs 574 and 577 represent
repeat runs to obtain lost heat flux data points in runs 573
and 576.

2.5 TEST RESULTS

The data measurements for each run included schlieren
photos of the model flow field in the windward and leeward
planes. Figures 3 to 20 show the bow shock and flow field
structure for each test case. A comparison of Figures 3 to 11
(smooth) and Figures 12 to 20 (rough) show the effect of
surface roughness on the flow field structure to be insignificant.

The measured surface pressure and heat transfer distributions
are shown in Tables III and IV, respectively. It should be
noted that for a positive angle of attack the heat gauges are
in the windward position and the pressure gauges in the leeward
position and vice versa for negative angles of attack.




4
» Vi ¥ ._,, 2 >
AL

| ,asellulJi‘:II;n,:lz- . .!
| 0°82 90T X €76 092 00z ¥8 6°ST of+ b vLS
m 9 0¢ 90T X 6°6 0E¥Z 000°€8 9°61 of+ X €LS
| 0°92 90T X 1°6 ovwz | o0s‘ve z 91 of- X zLs

¢z - | ammh e | sz | e feil T DR
g z°8 | ot x 1€ 090€ OvE ‘0L L 6T ol X oLs
9°g \1‘;1r:|:ooa X 6°1 0€TE 009°€V v 61 00 X 695

8L 90T X 6°2 0LOE 00Z ‘€9 s 61 ) A g9c |
L m 90T X €°G 09¥2Z 00€ ‘1% 0°sT o0 m A L9S
8°L2 90T X 0°6 0z¥z 006 °SL 9°s1 00 I ow 995

Tsd) -ssoiq 3004 Xod Lllﬂnrnflllh{
30314 TaqumN spTouday | (Mo) dwey |[(eysd) - ssexg|IsqumN ydeWw | }Oe3IIV | T9POW [IsSl
saansesy wea13s 2913 12301 12301 weax3ls 9914 ( Jo oagn DIA

XTI3eW 3581 DIA I oseud

I aTqeL

o

l{(.‘: [ o dks

"
R 24

>

LAYt e coies

'%yﬂpwmwwmmwﬁkgwnﬁgn




%N.u‘.\ wﬁ i

. hrk..m\k.)‘

0°0¢ 90T X 976 M 0€se W 00€£‘€6 0° 91 of+ (a)x €8S :
792 90T X T°6 M 08€¢ 009‘08 0°91 ot~ (d)x [4:3] H
|5
£°8 ooH X 1°¢ \ﬂ 0s0¢€ 001 ‘89 9°6T of- (d) 4 188 m
Z°8 I 90T M 0°€ 060€ oov ‘69 L°61 of+ (a)x 08s M
0°8 90T X 0°€ 050€ 00€ ‘59 561 00 (W% | 6L5
vs | eorx6T 0voe 00€ ‘0¥ 2 61 00 @ | 8Ls w
9°81 0T X T°§ ovve 008°9¢ 9° %1 o0 (x| LLs *
0°81 g 90T W c°s 2 omvm-%- oov‘LE 8°v1 o0 (a)x 9LS 3
,IEWHMM;! e 90T X L°6 osve 008‘88 6°ST o0 (d)x SLS
— ]IJ..'II'IIUW"".W"“;"J
(btsd) -ssaixg 300J 184 *ON
30314 IaqunN spTouiay | (Mo) dwalL| (ersd) °-ssaad | I3qUNN YdeWw )}oe33v |T°POW [3Isal
saansean weaxls Ivx1g Te30% 12301 weaI3ls 9913 | 3o o1buy DIA

XTI3eW 3Isal DIA I °seyd

IT 31qel




7 =
| “ _
€2 v 6°9 €6 bz ” - o's1 | c'e1 | svzz | 0-0¢ E £8¢ P
s iy
€1 £z 5 ¥ 5 1 e o i e o 1°92 z8s ;
vo 80 T | o2 | pee — 1 15 | 1 €9 e8| 18s
L0 w 2 1 0°z 0°¢ 9°¢ - 8 g 89 78 08s
i = ARCTESTME, ST REREERIT. | e R Sl
50 01 6°1 L2 pee - kg z°s LL 0°8 6LS
€0 | 90 z 1 - €2 s'z | ve | zv | 9% b 8Ls
[ 2+ o°r 1 wx 0°9 8L €6 | 66 | szt | 6wt °o'8T LLS
11 0°z M o€ 99 | 6« | z'8 | w0t | o011 | 891 081 9Ls
.1 | sv | o9 | 88 | evt| swr| zwt | €81 | o0z v 62 sts
gy vz | Lv | st 0°0T | o'zt | 1Tt | o'st | ret 0-82 vLS
| gy 9°z ‘:ﬂ.Nuw‘-Ly:mnmfeLl.mﬂmm‘ et | ossr ] et ] e 9°0¢ €LS
et t'e | 89 | e€ot | et | vvr| o8t | voer | €€z 0°92 zLs
- 9%0 z°1 o'z | o' 1t | sv | v's | 89 0L 6°L s
" p0 86 | st ol ¥ 1 e ] ¥ 1% z'9 z°8 oLS
0 § e |1 ez L vr | wt g 3 £ S v 9°g 695
" 60 | 60 | 91 | sz | oc | e€ | o's 8°c L°9 8L 895
 6°0 61 | st | e 59 2°6 Z° 1t | 91t | €°w z°81 L9
b1 0°¢ L°S 6°8 86 6°€T | 8°9T | $°81 | v-oz 8Lz 995
A b W R s v € z__|(%3d) -ssead
W i uotjedoT abnen i WJuwm { v

" (eTsd) sS3jusweINseadW 2INSSald adejing
IIT sT1qel




€1

1T

'pi

il

&<

1t

91
1
LT

19

LS

ov

1

Lt
(43

44
1 ¢
ve

8¢

T

i

9L
vo
1s

61

£v L9 »9 £€T ot | e 191 | es1 | est | ess |  ees
14 09 18 0zZ1 091 hma MMM!:.olomA 801 €SP Z8S
91 °w v | 99 | 68 | se 16 8 | 101 6vE 185
e | o1s Sl g o | ° ﬂ v9 Lo ol et oss
0z | PR M e B et £b, A g Lot 862 6L5
a | oz | o | ke b ook ] e T o | 5% 1 g 8LS
g% | .6E v | o8 | e s | we | ozt | we g8t LLs
e | - | -~ | 18 — | vt 211 6v1 | €61 | - aLs
6z M o | s | Mﬂ{u} 8L o1 | <8 st et - sts
¥ EE “ €€t M Teot | otz | 1oz | et | -- 15€ -- vis
£L _ | ett | set | ezz | oor | ooz | - oo€ -- £Ls
es | eer | 1t | wst | ooz etz | et - 9t¢ - zes
& e e L” ve | o8 % | - 602 -- s
w I ol ol w | wniw AT 0N - oLs
i BT mm{(lmmsl%lmw.!mrl.mm\ e -~ £vT -- 695
ol T B oo | ve | ve : . | - 681 -- 895
] AN EUGES o By
os | e S0t 811 Zv1 | opl 60T - 0zz - 295
9s cor | zet | cet | 1st | otz 6LT - L1z -- 995
g G e e L 9 S v € z *3d -6e3s | *oN uny
= N “uoT3ed07 abnes
“ RS (RIS
JUlmﬁlﬂ.wﬂmﬂ% S§jUoWoINsedl J9jsuel] jJeeH aoejing
AT °1qelL




7

250 SPHER. R —
\

T Yas
{1 1] [
{1 | /7/.|‘”L7’~
2
!ln 1/.“‘- O
| | lomol £
oo | 1
==

-
|

;

]
10

“20 oenc ( /b/) THeU - C 30.LE
PP DA X . OTS DEEP ~/8 NoLES —
SAME (0CATION AS /25 cvm WOLES

L /00 ovm
RES, T~
— _.'l M 73 vz ;}—‘T
y /2::‘ J /'f
EF (_
&) recssvre rvess- /2 £cgld
MATL~ . /1250.0. X,062/8
SOFT CorrEL TUSE
- 4. 220 -
| 3875 -l
i
375 -

/4 - 2oNC2 X So0DEE™
¥ HoLES sPD AS
SHown on 5.625 o

'n_;

iR

A ———— s.c.
A —t—.enk
ez3°
2
6. %8
b3
T
¢s°
27% ®
2937
il.oll

T2 e “n’
i /062 =) =125 D14 TiE =~ 12 HoL&S A —
! | i /637
il | e T
| ] e/56
o> 2.500
[ | L 2812 — S @L’.D_LLK&R- 2
; ‘*,‘ e e MAT L STN_ 3T 303
> 5. —_— —— -
L_b—l,“f —_ RE—
SRRNSSGNNN X | Sp——
¢#.060 e
P il
5 T ol el Fle 71T %I R Ve
11°¢S | /6°30 | 2/° 15 | 26° [90°95(85°30 | 40" /5’| #5° |e1°e6|56%00 [59°/5°| co®

_viEw l’:&t- -~

3

S weEnr Fix caca 4357 -/3 #2QD

VENOORE : /30LT, MELANECK F NEWMAN ©

CAMBRIOGKE =~ MmASS.




i PSR SO W NS RVSSNP Y T et Ay

Towen | )

™
P
»
w
i
3
N
p s
5E. -

W 1539

idi\

MWEST FLux GAGE AS3Y-/3 £€QD
VENDOE : MOLT, MELANECK f NEWMAN CO.
CAMBRIDGE - MASS

plal Ko LIV
b

- daa ¥

CIEGNT ,f‘_/-r‘lt_r__‘g_rg_/_’:1 C : - 3
-4 )
A Ja-zonce x Yo ca- .

STL Soc H? scesw/ -
@ eeed

BEACKET - | 280>
owa *rego- see »3 §

s B

OTHERW/ISE SAME A3 TE90 56l

&Eﬁaﬂ v — g o
E I ™ TN — =
—_— LIST OF PARTS
T >  URLBES OTHEAMGE PECIAED - mm
" mreasstaTen ra 0% : A
P q sum mam  xmasm 1 LONG SHOT me‘Lq
Waorees® AROLM ¢ & 89 )
SRET METAL SINE 2000 « P \/' K. 1: L
1> e 3
= e | e (G R ] — D | 04614 | 7240 - 69/ :
e BT

h____tui__4-7| fnm, 3 T e e 1




Test Model With

| / -
~ e . 9
s

Figure 2

Bonded Roughness Elements
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s Figure 3

Schlieren Flow Field
Run No. 566 - Model K
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Figure

Schlieren Flow Field

567 = Model K
Re = 5.3 x 109/£t, & = 0°
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19.5 , Re = 2.9 x 106/ft, ac= @°

Figure 5

Schlieren Flow Field
Run No. 568 - Model K
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Figqure 6

Schlieren Flow Field

569 -~ Model K
19.4 , Re = 1.9 x 10%/ft, o= 0°

Run No.
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Figure 7

Schlieren Flow Field
Run No. 570 - Model K

M.»> 18.7 , R, = 3.1 2 106/ft, o0 = +3°
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Figure 8

Schlieren Flow Field
571 - Model K

Run No.

Re = 3.1 x 108/ft, o = -3°
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Figure 9

Schlieren Flow Field
Run No. 572 - Model K
16.2, Re = 9.1 x 106/¢t, A=
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Fiqure 10

Schlieren Flow Field
Run No. 573 - Model K

o B 6 = el
Mg= 15.6, Rge= 9.9 x 106/ft, &= +3
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Figure 11

Schlieren Flow Field
Run No.574* - Model K
15.9, 9.3 X 106/ft, & = 430
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Figure 12

Schlieren Flow Field
Run No. 575 = Moc6iel K(R)
= = = o
M= 15.9, Rem 9.7 x 10°/ft, &= 0
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Figure 13

Schlieren Flow Field
Run No. 576 - Model K(R)

M =14.8, R, = 5.2 x 106/ft, & =
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Ficure

Schlieren Flow Field

577 - Model K(R)

Run No.
14.6, Rg = 5.1 x 109/ft, & = 0°
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ure 15

Fi

Schlieren Flow Field

578 - Model K(R)

Run No.
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Figure 16

Schlieren Flow Field

Run No.
M°= 19.5, Re0=

579 - Model K(R)
3.0 x 106/£t, &= 0°
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f Figqure 17

Schlieren Flow Field
Run No. 580 - Model K(R)

Mg= 19.7, Re = 3.0 X 106/ft, &A= +3°

t
b !
. -
30 vipreon
B fooend -,

y S

= L et i o

\«

~ rEE .

B e

e

Py,

» . L D e I 4 -r,
SN | { i
- - - ‘. o 'Y " .
LR e Wb-»}i-.q .
: 3 ¥ :
- ! BRI S N
] ' Tl
- - - - Ladh om0 o '
" s anes St o
i
* L ARaR Sl s, S
g: i
e TSIy SIS W SN S,
o e Byl v el
e e S SRS SR SRS VRS
i :
et Ry "
k4
4]
: TN '
¥
- »
.
s +
* i
!
L 3y "
o Y 'y
%
4

p—
I . & - 4
[ WA fadts —— i Wi By iz 4, 7 e o




-30

. - . . . A S e i
b
3 $——4 $iad Iot#\
 cae . . * e e
t ) - . — .- 4 w.
. o s e S S G S G O 558 B o
5 3 ) 4
= . e o N B 5 G .
= = -
3
. .
s U . = ol . -
] e .
S G L o oy “F f
{ | :
S G e st TR WSPS SR SEE - - 5 B
i
. ! - T 5 o
i - ;
. o S £ ¥l
) | w S
+ . —— g
I B B - : §
L T \ { P— +
BB -
%IQ-O
2 3
" § &
| i 3
] i

Figqure 1

Schlieren Flow Field

581 - Model K(R)
3.1 x 108/ft, &

Rae =

Run No.
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Schlieren Flow Field

582 - Model K(R)
9.2 x 10%/¢t, «

Run No.
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16.0,

Figure 20

Schlieren Flow Field

Run No. 583 - Model K(R)

Re = 9.6 x 106/ft, A = +3°
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