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Bast tnufar ■■■■in—lU wer« wmim 1B a high %■■—IWW vlad tuHMl w 
l/'50th Boalo wtels cf the AUM forebod r with the Qmmnl Klectrio Mut II and 
Are» Bmin k RB-ertry Bodie«.    The «Mt« were eede t* prerlde date t« be utll- 
iMd iA heat tranafer calcvdatieaa «l the Atlaa «iBrtlB ferebody. 

wera exp»BBd tö a Naoh 6.3 flow af MuLfffc-^ir oMhuatiM 
preduct» with a tetal temperature ef ^350*«.    Heat tnuMfur ■eaaurcaent» were 
taken 1» the rlclnlty ef surface dlacoetiBuities alea« tha «l»«lle profila. 
Heat craaafer ratet were highest upstreea ef the first dlsoeatlnulty aed drepped 
to approxiaately 30* of their ialtial values ea tha ige—trw sectloas of beth 

ware takMl forward aad aft ef stations 502 aad &$. 

*• 

T»t ATPiglimB AID raodDOM | 

The wlsli vert tested is the Theraedyaaaloe Laberaterles nigh tsaperatur« 
viad tunnel. Oasoous hydrogen ttA air w«re bumed at stolchle»«trlc «Irtaro ratio 
at a froaaafo of U65 paia. The c««met: on products ware o^paod>d through an axl- 
syMBBtrlc reflax aetrla late a 6*75 lach dlaoater test section. The exhaust gases 
wore 1 Mil Bit by a ^50-pound thruBt roehot ejector aad four Roots blowers powaxod 
by Alllooa aircraft engines. A dlagras of tba tuaaal ia glTen In Figure 1. 

Combustion nhaatior properties varo calculated far stelchles^trlc conbustlon 
of hydrogen aad air at U^ paia. Tha free atraaa prep*, ties ia tha teat section 
were detemlBod by erpaailag tha gases at froten casqpesltloB tlurough aaall pressura 
Increaents fron tha conbustlon chasber to tha «easured teat aectlon pressure of 
0.109 paia. Tha eeribuatiaa eharihor aad test section properties are listed ia Tables 
1 aad 2. 

Aa part of tha Inrestlgation of tha teat section properties, boat transfer 
varo taken aa a flat plate to deteralne tha naailtlaa of the boundary 

layer. When iaa|inii'«<l to thaaorotieal heat transfer rates for •»—«y^ and turbulent 
boundary layers, tha experlnent&l data show closer agreenent with the lanlnar ralues 
This eaqpariaoa la presented ia Figure 2. 

used la this study, «ore constructed to l/50th scale of nisslle 
They were fabricated fraa atalaloaa stool sections held together by a 

bolt through tha longitudinal axis ef tha «odels (figures 3-6). Tha skin 1» tha 
vicinity of tha surface discontinuities «aa eachined to a 0.090 inch thickness, aad 
chraaal-ainaal tharaaoouplea «ore tack-welded to tha inside ourface. Tha aadala 
«ore iaatri awn tail appraxlaataly 1/2.  inch forward aad aft of tha discontinuities, 
aad pressure taps were installed 0.25 inches forward aad aft of Stations 302 
6k5 (Figures 7 aad 8). 

of prinary interest ia this investigation «ore la tha vicinity of 
surfaca diacoatinultloa. lastnaantatloa «as United to thaao regions to slaplify 
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Mtel ooMtrvMstl«.   BMMM of phyBlwa ll«lt«tloM In ■titiL tiMUMtliwi, Mi 
prior »vailablUty of ftoflMrtlM knt troaofor data, a ^MWii^ll «M ■»% U- 
staUod at tho rtagaatloa point.    Tbo sta^iation point kMt lr—fir rato prorl- 
ounly —gti on a I.25 inch UmmUr blunt body ondor ÜMrtioal Hinil con- 
dltlona wan 68.5 BTU/ft2 noe. 

Tho aodals v«r« ■pmi to tho tWMl flow for approxloatoly 3 ■lllfli» 
To^poratnro hinWriM MOMd by tho tkOTmnylM worn mwHi with a llght-booa 
ooelllograph.    Proo«uro rarlatloan w«ro Manm-od by rarlahlo jaiatltllt ^fgt 
IrMWllHWl and alM rooordad by a Ught-haoa ooclllogmph. 

MkHKBBML1 

Hoat traasfer rato« wara aaleaUtod froi tba rooordad tao^aratara-rlso rata« 
and propartloa of tba taodal mtarlal.    A haat balanea takaa «1 «A «lOMBt of tha 
■odal wall shov. that tha total hoot flow into thn alaMat, Una tho hoat addod or 
loot tkroi^h latoral coadnctlon Mi radiatlaa at tha lanld« owfaoo. Is 04ML to 
tha hoat atoorod in tha ■l—wt. 

Oio   ■ Wtcrod ♦ QooaiMotloB ♦ Wlatloo 

Conduction and radiation looooo VOTO iotondMd by ■■■■■■ IM tho hoatiBg oar 
ooollM ntoo on tha nodal aftar tho flow hoi ho« iUppod.    Tho rata of tw^MO»«'! 
incroaao ooaaoiai dorlag tha flow won than oorrootod to git« a rat* of %■§—NW 
ineroao* whioh wohU ho a^parlMoot if tho losaas did not axlat.    Radiation affoots 
wara calculatod analytically and war* fili to bo aqual to agfamdaotol/ 2^ of thO 
boat takan into tba wall at tha wtaOmm oaaawad tanparatwra. 

Tho oorrootod taatporatura-rla* rata woo than naod la the hoat halaooa to 
oalculato tho hoat traosfor rato.    Tho foUaving aquation WM «OOA« 

* ■ ^ iU. 
Whara:    q - Hoat flux into tha olMWt, BTU/ft2 Mf. 

a - öutsida ourfaoo araa of tha ala»ant, ft2 

p - Spaclfic waight of olMMOt oatorlal, lb/ft3 
Cp - apacifie hoot at oonataot praBaura, BTU/lb.  *7 

▼ - Vol-ÄO Of OlMMBt,  ft3 
(ar) - Corroctod tamporaturo-riao rato, f/eoc. 
(TT) Corr. 
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DKEA RSDÜCTIOIh  (Coat'd) 

Approxlactlng tl» addel wall with a hellov cyllater, 
area can be expressed aa fillowi: 

S-2Tr r.Ä. 

SiftetlttxtiB« theee eqpatleaa lute tbe teat balance, tha folleeins eqtiatleB la 
ebtaia^. 

'CORK 

10. 

DlflCUBaiQH; 

Tha reeelta ef theee oalevlatlena are preaanted in Tafele 3 la Kcwe 9 

The hiflhaat haat traaafer rate «aa ■eaaured fmnrard at tha fir«* mrfaoe 
dlaceutlnulty en the aadel with tha Q.Ä, eaatflcaraUen. fWL« value ef 31*0 BTU/ft2- 
aeo la 169» higher than thoae Maaured en tha ferward pertlon ef tha AVOO BOM cene. 
In ganeral, tbe nedala exptrleneed the M^haat haat transfer ratea ferward ef the 
flrat anrfaoe dlacootinulty. The rates drepped rapidly aa the flaw eapandeJ ever 
tha aiBconttxmlty, rwmlnlnc fairly unifom at approxiBately 30^ of their Initial 

aeitttene of the 

Aa tha flov approaebad a aa^tiroeaian eomer a slight decrease In haat tranafer 
U The heat tranafer rates then Inoreaaed aa tbe flov was ttunod at the 

comer. Tbe oppoelte effect vaa noted ae tha flow approaebad an njnuAia comer. 
The hoot tranafer ratea on tbe AVOO cenflsaratlon were 30^ higher in the vielalty 
of Station 6U5 than en the 3,1. eonft^uration, although dl«trilutten of the ratea 
in tfeio region la süOlar. Thi* My be dee to bOMdar] 
by reflee%lon of local ahoek waves fre« the ahock envelope 

(Table k)  show a preaaere rise ao tha flov 
over Station 6H; an the AVOO Model. TUs rise, «ban canpared to the drop 
on tha O.E. Model, aoana to indlaate the ireaenoe ef a boundary layer distvorbanoe 
Booenoo of a nalfuaetioa in the treaoteoor circuit, pareoonre data of top 

Mt ebtalned for tha AVOO Model. 
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TABU I 

OOMBUBTIDK CBAMP^R OAS COMPOSITIOM 
AND FROPEEVnSB FOR STDICTUOMLTiaC OOMBUBTION OF Bg - AIR 

• 

NDUCULAB 
sraciES 

MBIX 

Bjtf 33.65 

% 6Mi»   . 

«2 0.721 

0a 0.218 

OH 0^98 

HO 0.216 

E 0.033 
■ 

0 0.0225 

H __    _ 0.0000 

CHAKBBB —Mi SSIA 

ooMBiBTioii mwRjamz, "R 

_ TOTAL HTTHALPr, BTUA*. 

MDLBCULAR WEIGHT 

.. 

U65 

^350 

1551 

2U.U3 
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TABLfi 2 

TEST 8BCTI0N FLOW PROPBttlES 

CALCULATED MEASURED 

MACH NTJMBTO 6.3 6.5 

vELocrrr, rs/ssc 

R3Y1IÜLD8 NUMBER 

SPECIFIC HEAT RATIO 

TOTAL Ta^PERATURI ft 

STATIC TEMPERATURE *R 

[   ' STATIC PRESSURE^ P3IA 

8,5*50 

. 3.35 x 105 

1.37 

.     ^350 

6i«o 

0.105 

1.33 

0.105 
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TABUS 3 

EBAT TRAHffi'1^ RAXES FOR l/^OTTE SCALE MDSL OF ATLAS 
FORKBODY WITH QBO^AL ELECTRIC MARK II RZ-EMTRY VEHICLE 

T.C. 
no. 

1 

2 

3 

5 
6 
7 
6 

9 

OTU/ft2 

MC 

6.28 

5.3X 
5.31 
6.26 

5.80 
6.76 
7.^5 

IX) .0 
1D.S 

1 
161* 

160 
158 

159 
159 
la. 
165 

173 
172 

T.C. 

10 

U 
12 

13 
Ik 

15 
16 

17 
18 

BTU/ft2 

MO 

9.50 

8.50 
7.22 

7.22 

7.12 
7M 
6.76 

6.76 
5.76 

•F 
170 

161* 
:?>,) 

231 
212 

217 
218 

218 
212 

T.C. 

19 

20 
21 

22 

23 

Zk 

25 

26 

WU/ft2 

990 

6.35 

6.93 
7.28 

6.53 
8.59 

12.3 
.17.7 

31.0 

•F 
217 

216 

268 

289 
330 
^35 

661» 

HEAT mANBFBR RATES FOR 1/50TII SCALE MDHBL OF ATLAS 
F0REB0ÜT WITH AVOO SERIES t RE-BrmT VZmcI£ 

T.C. 
NO. BTU/ft2 

T 
T.C. OTU/ft2 

T 
T.C. Wü/ft2 

1 

T 

• JMO •F MC •F .1 Mo •F 

-     1 —   13 8.85 263 25 5.9^ 205 

.    2 5.31 138 Ik j  8.85 272 26 5.50 197 

3 6.28 146 15 9.oy 27^ 27 3.77 164 

.    l* ..7*25 153 16 . 9.09 270 28 4.44 167 

5 .   7.73 .   156 17 .  9.Ü 273 29 If .00 164 
6 .   8.69 166 18 10.5 290 .,    30 4.22 162 

7 10.1 176 19 10,0 288 31 8.U4 243 

5 13.0 196 20 10.3 281 32 11.3 284 

9 13.5 201 21 10.3 284 33 12.1* 316 
if) .13.5 203 22 6.60 233 .     3^ 16.4 IK» 

U 13.0 199 23 6/0 235 ..    35 20.9   : 472 

12 8.16 257 24 5.72 202 36 26.8 516 
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TABL8 j| 

PRESSWI DISTRIBUTION ALOHO THE SIOTACE 
OF 1/50TH SCALE MDKL OP ATLAS FORXBODT 

T 
PRESS IRE; 

TAP (KI. MARX II 
P i 

!**•• HgA  i      Pg r 

AVCO  SERIES k 
P P 

Inchta HgA   , fm 

1 

2 

0.62 

0.81 

2.95 

3.86 0.80 

1 
3.01 

3 

k 

1.12 5.33 0.70 

^ 

?>»    I 

1.08 5.1^ 

1.88 

0.75 

8.95 

3.57 
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