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SUOUARY ¢

Heat transfer measuremients vere made in a high temperature vind tumnel en
1/50th scale medels ef the Atlas forebed;s with the Gemsral Electric Mark II amd
Avoe Series 4 Re-entry Bedies. The tests ware made te provide data te be utile
ized in heat transfer calculztiems en the Atlas xissile ferebedy.

The madels vere expesed to a Mach 6,3 flov of hydregesn-air cembustien '
preducts with a tetal tempersture of U350°R. Heat tramsfer measurements vere '
taken in the vicinity eof swface discemtinuities along the missile profile.

Heat transfer rates vere highest upstream of the first discemtinuity amd drepped
to approximately 30% of their imitial values ea the dovnstresm sectioms of bdeth
models. Pressure msasurcvents vere takem forvard amd aft of statioms 502 and 6hS,

TESE AFPARATUS AND PROCEDURI :

The wmedels vere tested in the Thermedynamics Laberateries high temperature
wind tumnel. Gaseous hydregen aal air vere burned at steichiemetric mixture ratie
at & pressure of U5 psia. The cabustiom products vere expanded threugh am axi-
sysmetric reflex neszle inte a 6.75 imch dismeter test sectiem. The exhaust gases
vere remsved by a 50-pound thrust recket ejecter and four Reets blevors powered
by Allisea aircraft engines. A diagram of >+ tumel {s givem in Figure 1.

Cembustien chamber preperties vere calculated for steichiemetric combustien
of hydregen and air at 465 psia. The free stream prepe:ties in the test sectien
vere determined by expanding the gases at frezen composition threugh small pressure
increments frem the combustien chember te the msasured test sectien pressure of
0.105 psia. The combustion chamber amd test section preperties are listed in Tables
1l and 2,

As part of the investigatien ef the test sectienm properties, heat tramsfer
meagsurements vere takem on & flat plate te dstermine the comditien ¢f the beundary
layer. When compared te theoretical heat transfer rates fer laminar and turbulent
boundary layers, the experimestal data shov closer agreement vith the laminar V'IJ.ICI1
This cewmparison is presented in Figure 2.

The medels used in this study, vere comstructed te 1/50th scale of missile
dimensiens. They vere fabricated from stainless steel sections held together by a
belt threugh the loagitudinal axis ef the wodels (Pigures 3 = 6). The skin in the
vicinity of the surface discontimuities vas machined te & 0.050 inch thickness, and
chromel -alumel thermscouples were tack-welded to the imside surface. The modsls
vere instrumented approximately 1/2 inch forvard and aft ¢ the discomtimuities,
and ssure taps vere imstalled 0.25 inches forvard and af't of Statieas 502 and
645 (Pigures 7 and 8).

The areas of primary interest in this investigatien were in the vicinity of
surface discontinuities., Instrumentation was limited to these regions to simplify
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TEST APPARATUS AND PROCEDURE: (Cemt'd)

model comstruetien, Becawse of physical limitations in medel cemstrustion, amd
yrior availability of stagnation heat transfer data, a thermscowple vas mot in-
stalled at the stagnation point, The stagnatien point heat tramsfer rate previ.
ously measured on a 1.2% inch dismeter bluat body under idemtical twummel oom-

ditions was 68,5 BTU/ft* sec.

The medels vere exposed te the twmmel flov for apprvximstely 3 secounds.
Temperature histeries sensed by the thermecouples vere reserded vith a light-beam
oscillograph. Presswre variations vere msaswred by variadles imdustcace-type
transdncers and alse recoxdesd by a light-beam oscillegrsph.

DATA REDUCTION;

Heat tramsfer rates were calculated from the recerdsd tesgperature-rise rates
and properties ef the model material. A heat balance takem o an elemsnt of the
model wall shevs that the total hoats flevw into thn elewment, less the heat added or
lost threwgh lateral conduction and radiatiem at the inside swrface, is equal teo
the heat stered in the element,

Un = Sstored + Scemductive + Qradiation
Conduction and radiation lesses vere determined by msasuring the heating er
cooling rates en the model after the flev had been stepped. The rate of Sempersture
ineresse measured dwring the flev vas them corrected to give & rate of temperature
increase vhich vould be experiemeed if the losses did net exist. Radistion effects
vere caleulated analytically and vere fouwmd to DB equal %o appreximately 2% of the
hoat taken imto the wall at the maxisnm measured tempersture,

The cerrected teperature-rise rate wvas thm used {a the heat bdalance to
calculate the heat transfer rete. The felleving equationr wvas used,

= Pop ﬁi‘%m

Where: q = Heat flux inte the elememt, BIU/f4° see
s = Outside surface area of the element,
P = Specific veight ef elememt material, 1b/re3
Cp = Bpecific best at constant pressure, BTU/1b. °?

V = Volme of element, ft3
Yn' ~ Corrected temperature-rise rate, °F/ssc,
Corr.
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DATA REDUCTION: (Coat'd)

Approximating the mydel wall with a hollov cylinder, the velums and murface
area can be expressed as fallowvs:

S=21M Vi
Vemrnirhe

Substituting these equatioms into the heat balance, the fallewing equatien is
obtained,

- (R&rd) drt
=Py (a-:'-)coan

The results of these calculations are presented in Table 3 amd im FPigwe 9
and 10,

DIBCUBSION :

The highest heat transfer rate vas measuwred fervard of the firs: surface

| discentinuity on the model vith the G.E. cemfigwretion., This value ef 31.0 BTU/r¢d
gsec 18 165 higher than those measured e the ferward pertion ¢f the AVCO nose cone,
In genexral, the models experiensed the highest heat transfer rates fervard eof the
firest swxface discontinuity, The rates drepped rapidly as the flev expanded over
the discontinuity, remaining fairly uniform at approximately 30% of their imitial
values on the devastresm sections of the medels.

As tshe flev approached a comgpressien corner a slight dscrease in heat transfer
vas noted. The heat transfer rates then increased as the flev wvas twrned at the |
cerner. The oppesite effect vas moted as the flov spgroached an expansien cornex. |
The heat transfer rates on the AVCO cemfiguration vere 30} in the vieimity
of Station 645 than en the G.k., configuration, although di ution of the rates
in this regien is similar. This may be duwe to bowndary layer disturbdances caused
by reflecion of lecal sheck wvaves frem the shock envelops,

The pressure measurenents (Table 4) show a pressure rise as the flov expanded
over Statien 645 em the AVCO Medel, This rise, wben compered te the drep measwred
on the G.E. Model, geeus to indicate the presence of a bowmdary layer disturbance.
Because of a malfumetion in the tramsdweer cireuit, pressuwre data of tap mmber one
vas pet obtainmed for the AVCO Medal.
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TABLE E

COMBUSTION CHAMBEIR CAS COMPOSITION
AND PROPERTIES FOR STOICHIOHETRIC COMBUSTION OF H, - AIR

MOLECULAR
SPECIES

. CEAMEER PERSSURE, PSIA
COMBUSTION TEMPERAYURE,

__ TOTAL ENTHALPY, BTU/1b.

_ MOLECULAR WEIGHT

-

R

MOLE
PERCENT

33465
64,84

0,72
0.28
0.298
0,86
0.033

0.0225

0.0000

k350

155
2k k3

LI AR ]
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TAELE 2
TEST SECTION FLOW PROPERTLES

CALCULATED
MACH NUMEFR , 6.3
YELOCITY, FT/SEC . 8,450
REYNOLDS NUMBER 3435 x 107
SPECIFIC HEAT RATIC .
TOTAL TEMPERATURE °R L350
STATIC TEMPERATURE ‘R 6%0

. "BTATIC PRESSURE, PSIA 0.105

MEASURED

6.5

1.33

04105
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TABLE 3
HEAT TRANMSE™R RATES FOR 1/50TE SCALE MOIEL OF ATLAS
FOREPODY WITH OENEAAL ELECTRIC MARK II RE-ENTRY VEHICLE
TCs q T qQ qQ
w. BU/ft? T.C. BTU/t$ T.Co BIU/LER
sec > 200 - °F pec °F
1 6.28 166 10 9450 170 19 6.35 217
2 %31 0 10 .0 1 8,50 164 20 6493 a6
3 5.3 158 12 @ T.2 22 ral 7.28 223
4 6.25 159 13 7.22 231 a2 6453 268
5 . 5.80 159 w712 22 | 23 | 8,5 28%9
6 6.76 19 15 T 46 a7 | 24 12.3 330
T 7.25 165 16 6,76 28 25 177 435
8 10.0 173 | 17 6,76 = 248 26 3.0 664
9 10.5 172 " 18 576 222
HEAT TRANBFER RATES FOR 1/50TH SCALE MODEL OF ATLAS
FOREBODY WITH AVCO SERIES 4 RE-ENTRY VEHICLE
W, e 7.C.  BIU/0t2 7.0, BYU/0L2
sec r ’ sec °F ) sac I
1 —— . =e= 13 8.85 263 25 5.9% | 205
2 5.3 138 . 1% 8.85 2T 26 5.50 197
3 6.28 e 15 . 9.9 27b a7 3.77 164
L ..T7«85 153 16 . 9.09 270 28 bk 167
5 . TW73 . 156 17 . 9.3 273 29 4,00 164
6 . 8.9 166 B 05 20 | b2 162
7 10.1 176 19 10,0 288 N C 8.4k 2U3
_ 8 13,0 196 20  10.3 281 3R 1.3 284
9 13.5 201 A 10.3 8L P 12.b 316
10 . 1345 203 2 6,0 233 . 3+ 16,4 koo
un 13,0 199 23 60 235 | 35 .9 _ k72
12 8.6 257 24 5.2 | 20 36 26,8 | 516

toam 19100
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TABLE b

PRESSURE DISTRIBUTION ALONG THE BURFACE
OF 1/50TH SCALE MODEL OF ATLAS FOREBODY

——— SLLS . = e = —

PRESSURE
TAP _ G.E. MARK II . AVCO SERTES b |

P D P P
.. IschesHgA | Pgg  Inches HgA  Fes |
1 L0 | 295 . eee | ewe=
2 . 0.8 | 3.8 00 = 38

L 3 1.2 533 . 0.0 . 3.33
b 0.96  , kST . 1.88 | 8.95 _]
5. & ]uoa 501!‘ e 0075 - 3‘57__ _l

torm 13N7B
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Figure 5

GE Mark II Re—entry Body on Forward Section of Model After Exposure to Tunnel Flow
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