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ABSTRACT'

A model test program was conducted to determlne heat transfer and

pressure distrlbutlons in the base regmon of the Space Shuttle vehlcle

during slmulated launch trajectory conditions of MECh 4 5 and pressure

altitudes between 90 000 and 210 000 feet. Model conflguratlons w1th

and without the solid propellant booster rockets. were examlned to dup11~

cate pre- and nost-staging vehicle geometrles.
Using short-duration flow techniques a. tube w1nd tunnel pr ovlded

supersonic flow over the model. Slmultaneously, combustlon-generated

_exhaust . products.reproduced the gasﬁynamic_and_thermochemicel-structure
‘of the main vehicle engine plumes. The chemical species in the exhaust

- -of the orbiter engines were simulated using 3000.psi gaseous Hy/Op

propellants and a combustion technique based on short-duration prineciples.

fThe'booster tockets used actual, high alumipum cgntent,_solid_p;opellant;_

_ representetive of candidete'solid-rocket booster fuels,
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" ABSTRACT (Concluded)

Heat transfer and pressure measurements were made at numerous
-lonations on the base surfaces cf the 19—0TS Space Shuttle model with
high response instrumentatlon. In addltion, meaSurements of base
recovery temperature were made indlrectly by using dual flne w1re.and
resistance thermometers and by extrapolatlng heat transfer measurements

associated with special bases capahle of belng heated to 1000 F.
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" INTRODUCTION

ring its launch trajectory,_thc Space Shuttle will utilize
clustered liquid rocket engines for orbiter propulsion in ccmbination o
with 1argc, solid rocket boosters at lOWBr altitudes The interacting
exhaust plumes from thesc rockc+s xill rccirculate and produce e

savere thermel environment in the base rcgion of the shuttle vehicle.

_Because of +the unconvcntlcnal geometry of the bese region with its -

- unusual orblter/external,tank/solid rocket booster arrangement,

analytical.predictions of the exhaust-plume induced heating are cxtremely

- difficult to make,_cnd-sub-scalcjmodcl.testing has.been_ﬂmplgycd_to_‘_ _.

| provide that infcrmanion

A test program (IHE) was conducted at Calspan Corporation to

meAsure heat tranzfer and prrssure distribut*ons about the aftcrbody

's.curficeslbf g - 1/h5th scale model. (19 0TS} of ‘the- Spacc Shuttlc vehlcle -

under conditionS“typical of the early 1aunch.trajectory ' The early

71aunch trajectory is’ defined as -altitudes up to &bout: 200 000 feet
“where the extcrnal flow . field significantly influences the eng*ne

'cxhcust plume spreading,- interaction, recirculation, and resultant

hasc enviromment. Altitudes &bHVE and below the SRB staging altitude

”L*(nominc11y lhO 000 feet) were simulated.

Ovcr a simula-cna a.ltj:buae ranlge of 90,000 to 200 000 feet data
were’ cbtalnzd with heat ﬁransfer gaugec, vadiation,gaugcs, gas tcmper-.

aturc probes; and pressure transduccrs measuring pitot and static

"pressures. Rc un d‘d&tc'f' om 98 test runs are tahulated in Appcndices

A_and B.
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NOMENCLATURE

General
, Computer
SYMBOL _ SYMBOL DEFINTTION
'_‘L.‘uh.nel.}?ass.meters :
M;,o MACH NO. freestream MACH number
_ 1'—‘m .PINI'.‘" o .E‘x:ees"bream static '_pvessure',' psia
“Parp _ pressure at simulated model altitude; psia :
.Pé ' POINF freestresm total pressure , psia . -
V_RN. RE/F‘.E freestream Reynolds nuwber, /16
Tm | o ..f.:rees"t‘...res.r; s;he:tic"'femi:ers'bui'e.,_ °R ©
__'TQ _ TOINF | f_reest:e_ani total tempergture, °F
_“.- | visess.ita.r', fl.b-.ser.z"/'f{:2 |
oo Base Heating and Pressure Parame'cers . |
. DLR - dummy 1oad resistor | | |
._.K' L 't.hin film gauge sensi*r.iv*'by, ohm/OI‘ _— o
| _. P | measured model bsse pressure, psi& e
:: E0123 SSME combustion chamber pressure 4 psis
| Pcll- o 1efi: SBB combustion che.mber pressure, Psis.
PC5 - right SRB combustion chambe& pressure, psia
" PCL - model base centerline pressure-f psia
S PCL = Pqqg “on ET hase . =
:‘* - : PCL = PQD on orbiter base -
4w -- 'bo'bs.l hea‘bing rate; B'I'U/f‘t ~sec
Q-H R ' 1adiant hes.ting ra't'.e, B‘IU/f“b -sec '7

- N . ded At .
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Computer -

NOMENCTATURE (Conitinued)

Pase Heating end pressure Parameters =

SYMBOL: SYMBOL_L

0B

.E'h_

Bys8p

DEFINITION |
' .pre-run thin film geuge resistance, ohms
hthﬁn film‘gauge ‘1ine resistance, ohme

zprecision resletor used to calibrate th
~ Film gauge ‘signal conditioning system, ohmis.

'thin fllm.gauge circuit euries resistor, ohmsi
" prbiter base heat shield temperature, Or

n'externEI.tenk'base temperature, 9F o

date trece deflecfion, em -

" deflection.of the sguare wave calibration S

signal due to the DLR, cm

. G&s Reoovery Tempe*ature Parameters

thermal diffusiv-ity (a ___‘,'1:.:2.) , o /sec

'the'rma_l diffizeij.rifby. s.t__- T, (% = p-—""ocO) “ cm‘E/_Hec

f accomod&tion coefficient

eoefficienﬁs that are e function of wlre end
gas parameters

: . : - 2
e wire~cross-Eectional-&reaL cm

wire specilic heat, cal/g -
ire epecific hezt at T c&l/g-
wire diameter; em

tuermocouple voltage outpul, mv - . 5
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o HOMEWICLATURE (Continued)

Ges Recovery Temperature Parameters

Computer
- BYMBOL SYMBOL _DEPINITION

Bogog |  ... .,Wire resistance at 20° C, ohms” 
-HlNITIALI;' Anitial meagured wire resistance, ohms_ B
AR | ; measured wire ree stanee ﬂhange, ohms.
Rpgrat, - total meaeu*ed wire resistance, ohms.
5 - R } .dimen51onlesa time parnmeter (s / )”
'L'sﬁ?f.f' e -_‘;{e, dimensionleee gev function
% - | ., o ‘time;rsec | _. “
i di@eneiopleee:tempereteee (7 =_Tw/Tr_}__
m | - o . 5@% temperatufe;:oxe_'g‘ R |
o _:,_:e R fi“i$ial“vireftewﬁefaterg,TOK:_
. BaB réeovery.teﬁperefufe;-bK.,
T, 'fwire-temperature,_QK
iéﬁ _Tf,_f',ae{e'  . mean. wire temperabure, OKJ_'
X '-_edistance along therwire, em
.'a; ﬁi. - Lle." :"thermal coefficients of re51s£ance, ehm/ohm K o
. y : ) ra‘tio ofspecific he&ts ) ‘
- S S | wire surface.emiseivity. 7
-fﬁff;feﬂff ﬁlf;wﬁ'-r_ dimeneionlese length parameter (1= X/L)

o conétant

: '*f pe__7J.ﬂ=f;f R 'Efwire?deneiﬁy,”g]cmj_v'”'-




NOMENCLATUBE (Continﬁed)

. Gas Recovery Temyeraturé Parameters

Computer
 SYMBOL S¥MBOL . . | DEFINITION

| g(s) | ._ ' B dimensionless gaa funcfion_'

h H .. .convective heat transfer coefficient,
' . ' 'cal/sec-cm UK - :

I ' _ wire current flow, amﬁhefes

| K, o o .wiré'théfmal conducﬁi#ity, galfcmesec=9Kff-
Kwo. : ) wiré thermal conduétivity_§t To,.cal/ﬁmpséc—oﬁf
L 'ﬁiﬁ;ﬁelfén'gth--,vém R .
M Mach number

 .éh  “'... - . fgas pressure, N/cm

) gc.’ heat input to the wire from the gas, cal/sec
j£3:  o heat ‘aue to current Flow, cal/sec ’ '
Q. heab conduction to wire. supports, cal/sec
.Qré: radiation f“om the gas, ergs/sec
qr;: heat loss hy radiation from “the wife, gal,sec :
:q;“ | .:i heat accumulated in the wire,’ cal/Sﬂc

| ;éwg heat gained by radiation frcm the gas, cal/sec '
-hﬁ?  1 :,. B ..“-; g&s constant cal/gm- Con R '

Hg,:; _\L” '!W”__ 7 dimensionless parameter a /a
Ry ._7;.wire resisb&nce at T s ohms
' 3§ ;fﬁﬁ'n" o :mean;wixg ;;sist&ncg,_ohms_r_ ' 
lsgf




‘j NOMENCLATURE {Concluded )

Gas Recovery Temperature Parameters .

Computer
SYMBOL SYMBDL _ DEFINITION
P wire density at T, g/cm
o L ‘wire resistivity at T, (g = 303/1,), obm-~c
T Stefan-Boltzmann radiation constant, cal/sec—cma—
Og:
Ongog . wire resistivity st 20°C, ohm-cm
T PoCoL? L
T = o = — , seC
Yo 80
AT change in temperature, °R
|25 stegnation pressure behind a normal shock, PSIA
T base temperature, °K
hg ‘base convective heat transfer coefficient,
CAL/sec—cm2-°K
To specific heat at constant pressures, BTU/Lb-"&
Dex external diameter
Dt ' throat diameter
Din internal diametsr
15
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“times durlng the program due to & mo

REMARKS

in December, 1973 Calspen injitiated Rockwell test IHB, which in-
volved testing of the 0.0225 gscale 19-07S Space Shuttle vehicle model
in the Ludwieg tube blow-down type wind tunnel that was at that time
being developed Ffor NASA. Testing, which was interrupted a number of
del fire sccident¥* and other model
and facility melfunctions, continued for séverai months and was Tinally
completed on 3 July 1974 after Run No. 112h, Although not all of the
attempted Tuns produced acceptable data because of variousroperational
problémsg_the results from 98 runs sppear valid and are conseguently_
ineluded in Appendix B. The operating conditions for each run with

data reported herein are shown in Table I.

*During Hun 2, signlficsnn aamage was rendered to model hardware, and
most of the base 1nstrumentation was destroyed when HQ/O combustion :
products we:e.diverted behind the ofbiter base alfter the spontapeous

failure of the model's iguitér:adapte&.séal._-The_suhseqﬁept.repair of

the model included bhe installation of somewhat less than the fuil

complement of desired sensors primarily because of the unavailability

of sufficient pressure transducers.

In any discu351on of the overall conduct of the tesis, several

~ points muSt be Kept in min¢. The Ludwieg tube Pacility (Figure 1 (e)),

developed by a aolnt apnlication of HASA and r'»s'.].sp&m funds, had not

'been completely checked out &t the start of bhe test program Although

0
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REMARKS ‘fontinued)

the hardware had been finished and assembled, it was not operationally_

proven. Testing on the present program was initiated end pursued

yigorously at that time in an attempt to meet data schedule reguire-

ments. Furthermore, the oversll complexity of the total system being

investigated (comprising four independently functioning subsystems: -

the Ludwieg tube, the orbiter ehgines, and two SHB engiﬁes) combined
to meke a good run & very diffieult goal to reslize. At the stert of
the program, the criteria for & good test run were not clear. As
experience was gained in the operation of The model in the faeility
and in the analysis of the data, evaluation criteria were developed.
In support of these criteria, & number of disgnostie runs were made
during the program with the specifiec objective of establishing the
vyalidity of the test conditions encountered. '

FLOW QUALITY CRITERLA

During the earl& runs of the test program, the pressure and
:heating rate.data were'cﬁaractefized by unexpectedly high absolu%é
levels and aﬁpreciable date scatter. A rigorous anslysis of these

data, by Mr. Dave Seymour (NASA/NSPC), indicated the existence of flow

separation W1thin the Mach 4.5 nozzle. (Thls was EVident from the

facility and model data.) Flow separation was related to difficulties
in consistently mainteining an adequately low receiver tank pressure
(i.e., nozzle back pressure) through the period immediately'nrecedlng

the test firing. In that interval between the cessation of receiver

1
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. REMARKS (Continued)

“tank pumping and the test firipg_(sevgral_seconds), lesks into the
facility, principally‘aséociated with hardware modifiéations én&
installations implemented for this test, significantly inereased the .
receiver tank pressure. The resulting high nozzle exit-plane presSgres

yhich existed during the initiation of airflow were attributed to the
observed flow separation. After implementing repeirs to correct the
ieakdge sources, testing. continued satigfactorily, and, except for one
or two occasions, separated flow within the Mach 4.5 nozzle was not

| observed.

As & result of the nozzle flow separation experienée, two criteria
were established to partially assess the air flow quality. These in~-
volved the measurements of the static pressure on the internmal surface of
the nozzle nesr the eXif plane (fekit)'as'we1l_as the side-wall exit =
gtatic pressure on the nozzle exterior (PNSW)' The latter is, of
course, fndicative of the amﬁieht'yfeésﬁre aurrounding the nozzle
exit plene. All'test.ﬁrOgram'runs #ere evaiuaﬁe&-relative to the

following standards:

Mo <

Py

PRxrm 9 0"
Pea h .

Test runs which deviated from these criteria were either &iSqual?

1fied or considered highly suspect.

12
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REMARKS (Continued)

#hils expression is a common "le~of-thumb" ratio used in the
rocket industry and states thet a nozzle may overexpand to &
pressure on the order of 1/1.7 { ~ 60%) of the amblent
pressure without separating. Various other sources mey report
the ratio to have an upper limit between 1.5 and 2.0 (probably
depending on specific test conditions and rocket configurations).

#¥The factor of 1.2 is derived from ‘the expected theoretical
difference between P,, and Pyyrm since, because of the fore-
shortened nozzle, the latter is measured at a location in the
flow field where the flow hes not fully expanded to the tesat
section conditions.

FLOW DIAGNOSTIC STUDIES

Several times during the test program, diagnostic runs were made
to assess the quality of the flow and determine the timing of test
section Tlow breakdown relative to routlnely observed model and tunpmel
sensors. One of the eerly diegnostic studies involved the use of &
pitot pressure survey rake located behind the model to avaluate Fiow
blockage effects with and without firing the SSME engines. Three
probes were instelled on & support vhich extended horizontally from the
recelver tank wall to the test sectlon centerline. All pitot measure-
ments were made within the free jet test rhombus. At the axial station
of the probe tips, this space was caleulated to be defined by &n
approximately 20 inch radius. Five runs (désign&ted D-10 through
D-1}4) were made and the measurements are summarized in Figure 8.
Although the free stream total pressure varled somewhat during these
runs, depending on the simulated alititude (Po) and whether or not the

86MEs were firing, the flow was observed to be essentialiy undisturbed

13
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REMARKS (Continued)

(at epproximately Mach 4.5) beyond a radius of sbout 18 inches from the
centerline for all test conditions. This indicates that the OT coﬁ-
figuration model does not induce any recognizable tunnel blockage
effacts. ¥low breskdown time, as recognized bf high presaure diéturb-
ances at the pitet probe locations, agreed within +3 ms with the ob-
served disturbances at the nﬁzzle exit plane (PNSW’ Pexit) ang at.the
model bases (Plo’ P90)‘ Model heat-transfer and pressure measurements
responded adequately to the externmal flow and SSME firing, and the
model dats displayed steady levels of suffiqient duration %o allow the
collection of valid data.

Upon completion of the test program, further investigation was
made with more extensive test section dlagnostic instrumentation. Al-
though this investigation was performed subsequent to the test program,
the relevance of the results to the interpretation of the test data
warrants a detailed discussion of the investigation.

The model and tunnel were partially re-instrumented as follows.

A pitod pressure'probe was mounted on the orbiter's manipulator Fair-~
ing approximately 13 inches aft of the orbiter nose. In addition, two
pressure-instrumernted "s'l;atie-pijpe':' probes were installed parallel to.
the flow. One probe was installed 8 inches above the manipulator fair-
ing end extended about 20 inches into the Mach 4.5 nozzle. A slender
conical nose was employed on the pipe to minimize bow shock disturb-

ances. The following instrumentation was provideds

14
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REMARKS (Continued)

(1) Static pressure tap at the nozzle exit plane (within the

the test rhombus).

(2) Static pressure tep located mbove the pitot sensor on the

manipulator Tairing.

(3) static pressure tap above the orbiter base heat shield.

(L) Rear-faeing pitot pressure approximately 4-1/2 feet behind

‘the heat shield (oﬁ‘tside the test rhombus). '

The second "pipe" was attached to the external tenk above the left
BSEM énd extended downstream into the receiver tank. To minimize bow
shock.disturbances. it was provided with a blunt nose positloned near
the BSRM and orbiter noses. Instrumentation on this second probe
included: _ _

(1) Three forward-facing pitot sensors located beﬁeath the

left wing of the orbiter (one in line with the manipulator
feiring pitot, another approximately 8 inches further
downstream, and the.third approximately inm line with the
base heat shield}.

(2) static pressure tap approximately 17 inches downstream

of the heat shield.

(3) Static pressure tap approximately 4-1/2 feet behind the

heaf shield (at ﬁhe same axiel location as the rear-faclng

pitot on the upper “pipe"-probe).

15
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REMARKS (Continued) L

0f the Tive diagnostic runs (number 4 through 8) made with the
Mach 4.5 nozzle, Runs L and 6 (140,000 feet nominal simulated model
altitude) were useful for discerning the flow quelity in the Ludwieg
tube. Run 4 was performed to iﬁvestigate the flow during operation
(firing) of the complete 0TS configuration in a supsrsonic alrstream.
Run 6 was made to observe the effects without any rocket Flow. A
discussion of these runs is presented in the following paragraphs.
Turing Run 5 (model Tiring only, no external flow) an early SEME Piring
filled the recelver tank to the extent that when the steady BSRM
flow was established, the test section altitude was altered sufficiently
to invalidate diréct comparison with Runs 4+ and 6. Run T flow measure-
ments vere affEcted by signiflcant electrical disturbances which
résulted in the loss of most of the data. Run 8, an attempt to repeat
the previous run, was at first considered useful; however, more
specific analysis of the data disclosed ‘the 1ikelihood +that the Mach
h 5 nozzle flow may have been separated at the time of data col_ection

as evidenced by higher than expected nozzle exit plane and ‘test section
statig pressures. fhe E/i nose pressure data (i.e., Po }, on the other
hand, wéé indicative of the expécted Mach 4.5 flow.

The date for these diagnostic rumns, although not reported herein,
remain oﬁ file at Calspan.

An anslysis of diegnostic Run % did not indicate that the flow

Pleld ebowt the model had been influenced by Pacility Limitetions.
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REMARKS {Continued)

Static pressure measursments within the test rhombus were in good
agreement with the expected free stream static pressure Pe .
Pitot'pressure'meaeuremente under the left wing and above the
manipulator fairing as well as both the orbiter and external tenk
base pressure taps (P, end PQD) were observed to indicate similar
pressure levels ( ~ 3X the static pressure in the test section). ‘These
meesureﬁents support the premise that the rocket plumes induce flow
separation at the base of the model since the pressures within such a
separated region would not othervise be exPee%ed to be higher than
Pu, . Further, the essentially uniform pressure and absence of
gradients throughout the base regian are 1nd1cative of sepereted flow.
| During this run, the manipulator fairing pitet pressure measure-
ment provided a very drametic history of the development of the flow
about the model During the airflow start transient the fairing
pitot pressure responded in & menner sﬁmiler to the E/T nose pressure

(P ) After an initiel st&rﬁing pe&k, the fairing'preesure steadied
208

toa value of about 80% of the free stream.P 7 (as measured by'P 08)’

reflecting the stegnetion pressure 1osees across the bow shock

"hortly &fter the establiehment of the BSEM flows, the fairing pressure )
_ decreased Bubetantially and repidly to a stabillzed level whech was in

agreement with the heee preesures, as previouely discussed.' During thle '

perlod of Elow edjustment et the aft end of the model, etatic pressure

measurements Wluhln the test rhombus (perticuleriy above the manipuletor
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REMARKS (Continued)

fairing pitgt and above the orbiter beee) remained steady, thereby im-

plying thet pressure changes in the base regions were not a result of
digturbarces propagating back imbo the free jet flow from the receiver
tank boundaries.*

*74 has been suggested that wave reflections and/or receiver tank
filling processes might be responsible for flow field alterations
which are not representative of Plight conditions.

Another interesting observation was made concerning the static
pressure approximately L4-1/2 fest behind the model. The pressure at
ihatﬁlocetioﬁ was seen to rise steadily efter the BSBM.flow wag initi-
ated. It is likely that the phenomenon 3s related to The interaction

of the BSRM plumes ginee the pressure rise Was not reflecued in the

model base meesurements or any of the test section pressures and there

1is fio other evidence 1o support the contention that the rise was
associated with & breakdown or alteration of the test section flow.
A'review of the pressure.records was made to determine the time
et.ﬁhiCh tﬁe test section flow did breskdown due to the wave dynsmics
' aﬁd'“filliﬂg“'process in “the receiver tank. . The breskdown phenomenon
was identified ag an interruption of the established steady pressures
by 8 sudden pressure 1ncrease characterized by 1arge oscilletions

Slnce 1t was deslreble to relate any correlation derived from this

diagnostic run to the data, it was eppropriate to use the routinely

recorded nozzle side—wall pressure as 8 reference. Flow breakdown

time in the test section.ln proximity'to the model baee was noted =
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REMARKS (Continued)

ocour approximately 3 ms prior to its detection at the Mﬂchlh.s nozzle
1lip. It is concluded, therefore, that the nozzle side-wall or exit
plane pressure measurements are good indieators of the breskdown event
in the test section.

Inspection of the data from diasgnostlic Run 6 shows the static
pressures above the model as well as the model base pressures to be in
good agreement with the expected test section static pressure.
Pressures in the test section and around the model base remained
relatively constant until the reflected tamk filling wave interrupted
the external flow. Time from first flow into the receiver tank to
flow breakdown vas b us for the OT.configurétion compared to the 32 ms
duration poted for the same test conditions but with OTS opération
(diagnosticiaun h); The arriﬁal.of the Flow breakdown wave wes de-
tected a8t the model base apprcximately 3 ms prior to its arrival at the
Mach h 5 nozzle exit plane. Test section static préssures ﬁefe@ hcw-.
ever, seen to degrade approximately T ms hefbre the dlsturbance was
nqted at the exit plane.

THIN#FILM GAUGE TUT%I.HEATING RATE

Absorptivity of the standard thin-film heet transfer gage varies
with the wavelength of the 1ncident radiation. Thus, a knowledge of
the spectral character of the inc;dent radiant Flux is required o

accurately correct the measured heat transfer rate (which consists of

both a.convective and raaiatlve componant) to the absolute heating
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REMARKS (Continued) .

level. From previous mEasuremenﬁe of the rediation from exhaust plumes
of scale model rockets, it has been deﬁermined thet:a.sebstantiel. |
portion of emitted energy is concentrated in the l to 6 ﬂ infrared
region (Reference 3). This was verifled with measurements of the -
plume rediance from a single BSEM. _

The determination of total incident heaﬁing rate (or convectlve
heeﬁing rate only) . involves the epplieation of correction factors to
properly account,for {1} the gage and redietive source spectral |
characteristics and (2) kncwledge of‘the redi&tive transfer "view

factor." The information required to esteolish 8, correction,fector

© for the former.is provided in Figure 2. On the other hand, the

determination of the "view factor" (a function of the sizes, spatial

Jseparatiun and relative orientation of the radiating source and sensor)

: requires an intimate knowledge of ‘the plume shepe, ‘model geometry, the

effects of Shedowingrand"the like. Furthermore, because the standard

" thin-film sensors on.the model were much more BUNETOUS than the radi-_

ation SENSOIE . (that is, side-by-side gage pairs were noﬁ available),
the correction of most of the standard gage deta requires estlmetious
6f local ineident redaatipn;heating 1evelsm_ Such.estimates are o?ten;-

determined from interpolation or extrapolation of radiation gage data

e'from adjacent parts of'the model end should be hased on & thorough

-enalyeis of the bese heating data was ueyond the scope of the presen%jﬂii--

study and 1nterpreteﬁian of the data. Sin e prov1ding g detailed .

g
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REMARKS (Coricluded)

progrem,.the*standard; thin-film, heat-transfer gage date ineluded in

this repo#t have not been corrected for such factors and are presented

directly as measured.

THIN-FIIM GAUGE EROSION
"Heafétrensfer gege'eroeion'due5€o inpingement of’so§;ﬁ particles
from the BSBMs was experienced during the test program. When necessary,
the 1ndicated model heating rates were eorrected for thls gage er051on.

Barly in the test program, gage re51stance changes were encountered

'which verg 1nitially attribuﬁed to erasion. Subsequently, it Was

discovered that the resistance changes were due to corrosion of the

silver tabs at the ends of‘the platinum element. Thereafter, the tabs

_WEre protected'with a ﬁhin epoxy coating, All of the early data were

eccmputed to exclude the 1nitial &dJustment for erosion effects.'
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~-designated OT. .

CONFIGURATIONS INVESTIGATED

_ The 19-075 model hardware was developed in accordance with Space

- Shuttle configuratlon 24 dra.winge specified in Reference 1.

N The test model consisted of the orbiter vehlcle 1ocatcd a‘t:op the
external propellant tenk as illustrated in the tumel 1ns-belletmn

photogrephs, Figures 1(a) and l(b) The boos_’ber solid rocket motors

were attached to the sides of the externa.l-tenk to simulate the pre~ .

'steging or launch conflguretion of the Space Shut‘ble This "compositel_ o

configuration was de51gnated ors (i.e., orbiter-mank_leid Rocket

o Boosters) Follo.eing the same convention, .the post-s.taging conf:t._g-_l '

uration, eonsisting of the orbiter and ex’ternel tank only, was -

Twmportant model i‘ee‘tures 'end internal composi'tion are 'illusfratedir'

- -in Figures 1(c) and 1(d). The orbiter consisted of a sca,led ‘fuselage,

vertical tail, simplified (delte planform) slau wings , 8 body flap and

- ‘the Orblte.l Me.neuverlng System (OMS) pods. W:Lthln the orbiter was an -

: i.ntegral i‘as'b-acting b*propells.n’t valve (or a.m:ovalve 5 A/V’) 3 flow

me't.ering venturls, end an- in.jector/combustion chamber common to *t:he

‘bhree Space Shuttle Main Engine (SSME) nozzles. In the combus*blon :

chamber s gaseous H2/02 prope]_lant was burned to’ close_-.y duplicate ’c.he

full scale SSI«i:E: combustion products at. a nom:.nel 1500 psia ;pressure*

: snd 6000 -R"-'tempera.'ture A se‘.: of fixed—&ngle nozzle edap’cers was-
B provided to simulete gimballing of the SEME nozzles‘ , The simulated '

7 OMS nozzles did not Five but Were ins’hrumented to determine engine-off L 5
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CONFIGURATTONS INVESTIGATED (Continued)

heating rates. Instrumentation was also installed at numerous locations

on the base heat shield, body flap, OMS pods, and SSME and OMS nozzle
outer walls as indicated in Figure 3.
*5+ should be noted thet whereas the full-scale SSMEs operate at

a combustor pressure of 3000 psia, the present model design was

purposely restricted to oniy one~half this value for two reasons:

(1) heat sink cooling of the~0.25-inch SSME nozzle throats would

have been impractical at any higher pressures and (2) the gaseous

oxygen supply pressures in excess of 3000 psie which wounld have
been required were considered too hazardous for the routine
testing operations envisiocned for this model.

The External Tank (E/T), a heavy walled cylinder approximately
seven inches diameter by Pour feet long, contained the gaseous Hp and
0o &t 3000 psia in internal, double-pass, spiral charge tubes. The Hp
and Op supply tubes were separated by an integral solid sectlon through
vhich instrumentation leads and gas plumbing passed from the strut to
the orbiter body. The E/T included & removable base dome in which were
placed heating rate and pressure sensors.

The model Booster Solid Rocket Motors (BSRM)™ fumetioned %o
provide the additional hot gas plume enviromment typicel of the early
launch trajectory. Solid propellant (approximately 0.050 inch thick),
cemented onto expendible propellant holders, was burned in the motor
cases. High aluminum content propellants, with combustion temperature
(-uSOOOOF) and exhaust species similar to candidate Space Shuttle solid
fuels, were utilized. An anelysis of the exhaust products for the two

solid propellants used during this program is presented in Teble IV.
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CONFIGURATIONS INVESTIGATED (Comtinued)

Mylar diephragms located just upstream of the BSRM nozzle throats
confined a charge of gaseous ethylene/oxygen which was used to effect
rapid, uniform ignition of the solid propellant surface. The ignition
geses wers introduced into the BSEM cavities throughrpassages in the
E/T. A lateral cross-drilled hole through the E/T provided communi-
cetion between the two BSEMs to encourage pressure balancing between
the combustors. Nominal operating pressure was 290 psi&.** The wmotor
cases attached to the outer surface of the external tank and were
readily removed to simulate the post-staging vehiele configiration.

*p1s0 often referred to as Solid Rocket Boosters (SEBs).

**This value is one~half ot the full-scale average steady-state

combustion pressure of ~580 paia for consistency with the 50%

of full-scale operating pressure of the orbiter SSMEs.

The external lines of the reusable rocket motors duplicated the
full scale boosters including the conieal nose, aft E/T-BSRM attach-
ment ring, aft nozzle shroud and canted nozzle. Numerous pressure
end heat transfer sensors were located on the shrouds. Adapters were
provided to effect changes in the nozzle gimbal angle.

The entire model assembly was strut mounted to the recelver tank
floor. All'model load lines and instrumentation leads wére routed
through the strut to appropriate bulkheads on the facility walls.
Provisions to plteh the model %10° were incorporateéd in the strut/floor
bracket hardware, although this festure was not utilized during the

test program.
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CONFIGURATIONS INVESTIGATED (Concluded)

mable TTT summarizes dimensional deta for the 19-0TS model

configuration. The model deviated from true scale in a Tew instances:

namely, (L) the external tank was wade approximately six (scale)} inches

longer than the actual vehlcle in order to accommodate the Hé and 02

charge tubes, (2) there were solid Pairings between the external tank

and orbiter and the external tank and BSRMs rather than the open areas

which exist on the full scele Shuttle, and (3) the simplified planform

wing.
A complete listing of &ll model instrumentation locations is

provided in Figure 3.
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INSTRUMENTATION

Heat Transfer Gages

Thin-~film heat transfer gages {References 2-l) were employed Tor
the measurement of model surface heating rates. The sensing elements
are thin (order of 0.1 wmicron) platinum resistance thermometers fused
onto the surface of pyrex substrates. The thin~film heat-transfer gage
operates on the principle that the film thickness is much smaller than
the characteristic thermal diffusion depth for the short duration of the
test event. Thus, the temperature gradlents and heat capacity of the
film mey be neglected, and the instentaneous film temperature can be
seid to be equel to the instantaneous substrate surface temperature.

The resistance elements are coated with a dieleciric film (i.e.,
MgFE) which provides the following beneficial characteristics: (1)
it affords mechanical protection for the element, {2) it improves
electrical stability of the element by sealing against the ambient
environment, (3) it provides electrical lsolation from ionized gas
flowa, and (4) it provides higher absorptivity to radiant heat flux
thaen can be obtained with uncosted surfaces. Loss of gege response due
to the presence of the coating (approximately one micron thick) is

negligibly small.

During operation, the temperature induced resistance change of
the platinum element is sensed electrically. 'The electrical signal is
fed to an analog network (known as & “n-meter”) which converts the

indicated surface temperature in resl time to an instantaneous

26
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INSTRUMBENTATION (Continued)

heat-transfer rate by employing the theory of linear heat conduction to
an infinite slsb (References 2 and 5). This conversicn is applicable
over & wide range of test conditions, if proper aceount is taken for
gage resistance changes due to erosion, variations in the physical
properties of the substrate with temperature, and nonlinear gage
sensitivity at elevated tempersture (Reference 3).

Three types of heat transfer gages‘were employed during the test:
standard, radiative, and high temperature gages. The physical construc-
tion of the Ffirst two gage types is similar. The ends of the platinum
sensing element are electrlcally connected to the back of the substrate
by silver film deposited on the pyrex. The leed wires are soft soldered
to the silver on the back of the gage. A different construction is
required for gages used at elevated temperatures. The differences
between the three types of gages are described in more detail in the
Pollowing paragraphs.

Standard Gage

The standerd heat transfer gage consists of a platinum film fused
onto the surface of the pyrex substrate which, in turn, conforms to
the loeal contour of the model. This gage is sensitive to the entire
conveetive heat flux as well as a portion of the radigtive flux. The
amount of incident radiation sensed by the gage 1s 2 functiﬁn of its
gpectral absorptivity as well as the spectral radience of the energy

source. Figure 2 demonstrates the typleal absorptivity characteristie
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THSTRUMENTATION (Continued)

in the infrared wavelength region between 1 and T .

Radiative Gage

The radiative heat transfer gege consists of a standard gage upon
which & thiﬁ coat of aluminum black has been deposited. The coated
gage is mquntgd within.& holder anﬁ isolatedfipom_convectivg hgating by
o sapphire window which has excellent transﬁittaDCE in the wavelength
interva; of interest_an& alsc protects thg relﬁtively fragile black
coating. Radiation gages of this type have essentially uniform spectral
absorptivity of about 0.85 over the 1 to 6 B wavelength range(Reference
3, see Figure 2).

High Temperature Gage

In addition to the standard and radiative heat transfer gages used
routinely for model meesurements, & special gage suitable for the
measurement of heat transfer to heated surfaces has been developed by
Calspan (Reference 3). This gage overcomes the tempersture limitations
of the standard variety by elimineting the silver leads and soft-solder
connections to the platinum element. Instemd, platinum wires were fused
into the pyrex substrate and the platinum film is fired directly between
the leads whose terminals are made Tlush with the substrate surface. The
electrical characteristies of the high temperature gage are nominally the
seme as those of the standard gages. Applications are limited to sus-
tained temperatures of no more than 1000°F because of incipient soften-

ing of the pyrex substrate.
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TNSTRUMENTATIOR (Continued)

Presesure Transducers

Model surface and tunnel pressure measurements were made using
high frequency response transducers {References 2 and 6). These
devices employ lead-zirconium-titanate plezoelectric ceramics as pressure
senSitive ehergy sources and ineclude integral field<effect-transistor
(FEP) cireults for power amplification and impedance matching. The
completé-trahsducers are typically 0.37 inch in diameter by 0.23 inch
thick. Units with nominal sensitivities of 2000 mv/psi {0-2.5 psi range)
and 50 mv/psi (Oaloo-psi range) were used. Typically, transducer
sensitivities are linear to within *24, throughout their respective
ranges. To provide acceleration compensaition, & second integral, but
pressure insensitive, diaphragm/piezoelectric erystal unit is wired in
opposition to the active unit. This design reduces acceleration
sensitivity to nominally O.Q0015 psi/g and 0.0004 psi/g,réspectively,for
the low range and high range transducers. To further reduce @xceler-
ation effects, where model lceations permit, the transducers were .H
mounted on individual, spring-suspended, selsmic masses and connected
to the model pressure sensing orifice with soft rubber tubes. In order
to minimize temperature induced effects on the transducer diaphragms,
copper heat shields were installed to provide line-cf~sight shielding
from rediesnt or hot gas sources.

Propellant flow passage and combustion chember pressures in both

the orblter and the BSRMs were sensed with commerciai*, fast-~response,
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THSTRUMENTATION (Continued) ‘1

piezoelectric pressure transducers. FProtection of the transducer from
the hot combustion gases was provided by a thin layer of RTV%* over ‘the
disphragm, = heat shield, and a deviocus path orifice arrangement.
Appropriate impedance watching of the transducers was provided by ex-
ternal charge amplifiers.

To supplement the available (alspan transducers in fulfilling the
model pressure sensor requirements, a oumber ol Calgpan-fabricated low
pressure transdueers utilizing a commercial pressure-sensitive tran-
sistof*** as the sensing element were used in the initial tests. These
sensors proved inadequate primarily because of their lack of scceler-
ation compensation. After appreclable trial under actual test condi-

tions, abtempts to record data from these uniis were abandoned.

*  gistler Instrument Corporation, Clarence, New York

*® Room Temperature Vuleanizing rubber

"pitran," manufactured by Stow Laboratories, Ine.

Gas Temperature Probesg

Thin wire, resistange thermometer probes, developed by Remtech,
Ine.,were provided for the measurement of recovery temperature. These
probes consisted of two parallel, small diameter platinum-~10% rhodium
wires of different lengths (1 and 2 nm) supported within the flow
field on needle-like Prongs. A thermopouple junctipn and associated

leads are integrally builit inte one of the support needle pairs
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INSTRUMENTATION (Conecluded)

for each wire. Thé probe funetions on the basis of ohtaining'sufficiént_
information o evaluate two unknown quantities of the heat balance
équdtion for the wires: namely, the heat transfer coefficient and the
recovery temperature. FProhes were fabricated in lengths of 3/4-inch;,
l—i/h inches, and h inches to provide flexibilify and facilitate use in
different model locations. A complete deseription of the probes is
provided in Reference T. DéScripﬁions of gas temperature probes, their.
use, and the resultant data presented in this report were teken directly

from Reference T.
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TEST FACILITY DESCRIPTION

A short- duration tube wind tunnel (Ludwieg tube) (Reference 8)
provided aerodynamic flow about the test model to 51mu1ate specific
regimes of the Space Shuttle launch trajectory. Figure 1 {e) depicts
the faecility and identifies its main componénts.

In opef&tion, air is initially loeded into the L2-inch diameter
supply tube and contained by a mylar diaphragm located Just upstrean of
the nozzle. Ta initiate airflow, the disphragm is cut by nmechanical
means. A centered expansion wave then propagates upstream in the supply
tqbe_and accelerates the test gas tq.a steady velocity. The gas expands
through the nozzle into the initielly evacuated receiver tank. Mean-
‘while, the exp&nsion.wave in the-supplyjtuﬁe propagates upstream at
scoustic spaed; The nozzle supply conditions remsin constant and flow
-is-st&ady.unfil'that wave, reflected from the upstream end of the
supply tube, returns to the nozzle inlet. A schematic disgram of this
operation is Shown in Figure 1(£). For the 60-fool long supply tube,
steady nozzle inlet conditions are mainteined for approximately 90
milliseconds (ms) when the test gas is ambient temperature air.

Air expanding through the nozzle inte the receiver tank provides
the desired sambient test conditions in the free jet test section at the
nozzle exit. The test flow of air continues downstream in the receiver
tank at high velacity until 1t is brought +to rest when it encounters
the receiver tank end wall The incoming test gas develops a stagnated

volume at the end wall which continues to grow in the unconstrained
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TEST FACTLITY DESCRIPTION (Continued)

upstream direction. A shock front (i.e., the interfacisl boundery

between the incoming high velocity test gas and the stagnated gas) thus

propegates upstream until it encounters and {usually) breaks down the

tegt section conditions established by the nozzle flow. Prior to test-
jng, flow breskdown time in the receiver tank was estimated to be

approximately equal to the supply-tube weve time for the external flow

conditions of this program.

Tn order to effect a more reasonsble simulation of the Shuitle
flight trajectory conditions, the supply-tube ggs charge was heated
during its residence in the charge tube. Strip heaters, covered with
high temperature insulation, were distributed uniformly on the outslde
surface of the tube. The heating system provided the capability of
raising the wall temperature to 600°F. Separate "en-off" temperature
controllers, with adjustable setpoints, were qsed to control the
longitudinal temperature gistribution. One effect of héating the gas
in the supply tube was to reduce the time during which steady pressure
is available at the nozzle 1n1et from approximately 90 ms  for ambient
temperature gas to about 65_ms for gas at 600° B
*That is, because of the higher sound speed in the hot air, the

expansion wave velocity is greater.
To meintein the pre-run strength and integrity of the mylar-“
dlaphragn, a wster cooling system consisting of internal snd external

jacket coils was inetalled at the diaphragm.statioﬁ..'Pre-run eir

33

U .

T Ty Y




s

TEST FACTLLTY DESCRIPTION (Concluded)

temperature in the pnrtion of the supply'tube Just upetream of the

, di&phragm.was consequently redueed to 300 to hOODF. Although this

enyironment proved suitable for di&phragm survivability, it also produced

an axial temperature gradient in the supply tube air charge. Thus, as

the "Legt slug of supply-tube gas passed through the nozzle and

expanded into the test Section, the test condition totel temperature

-varied-eccordingﬂy.

*yolume of supply~tube gas exhausted through the nozzle during the
- period of steedy flow _ _ .

The Mach k.5 nozzle, fabricated of glaes~reinforced polyester
resin,was contoured to provide-uniform, parallel test seetion flow Iﬁ
order to comply'with,existing facility length constraints, the finel
four feet of the theoretiesl full—expan81on 1ength was omitted (see A
Figure l(g) The resulting maxﬁmum.free jet test rhombus diameter wae

eomewhat smaller than the naminal five—foot exit diameter of dhe nozzle.

Ambient tem@erature airflow tests for an appropriate range of reservoir'

pressures verified that the fldw was repeatable, uniform and symmetrical

across the exit plane (Reference 9)f
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TEST PROCEDURE

msmmmmmn CALIBRA'E‘IONS

" Tha calibm’hion methods utilized at Calspan are described in

| &e“ﬁaii in References 2 through & and 6 along with "bhe"'bhécre‘bical :

considerations from which they are derived. Calibration records are
maintained 'a'b"cia'lépéri; However, the Tollowing comments are apprépriate
wi'bh respec‘t: *l:o their applic.ation to ‘the test.

Pressure :

Prior to the start of the test program, all Calspan pressure

transducers vaed in the model were predmatically calibrated with a
series of step pressure inputs covering the* anticipated range of usage.
| The irol't':'age'ou"‘upu;b variations of the transducers if_ére t’y‘p’irﬁﬂy 'iin’e'a'r e

' wi'thin +2¢

'.'£‘11e Kis*bler pressure transducers used for ‘.ombus'hion—ch&m'ber

'pressure measurements were dynamically calibm“bed pnor to the 'test

' program by means c:t‘ 8 high pressure pneuma.tic cal:.bra‘tlon system.

Linearrby was again ~b‘_@ica:l.:l.:yr well within the nominal tog ‘bardwidth.

Heat Transfer

_ The s’tandard calibration procedure for 8 thln-film heat transLer |

| E;age i8 explained in ietail in Reference 3. Firs €, :n‘:s resistance i8 :
_ measured at 'bWO temper&tures in or-ler to obtain the gage 's temperature

| sensi‘tivi‘t‘y‘ K = A'R/ AT ’I’his infolm&’tion along wi‘i:h a corresponﬁing_

o pre-run gage reszstance is used 'bo determine “i:he value cf a shunt

4

_ resistor k,nown as- 'iahe Dummy' I.oad Resistor ox DIR. 'I‘he DIR 1s used in: B




TEST PROCEDURE (Contimued)

‘turn, to scale the gain of the recording equipment by approximately
simulating the expected heating rate.

Recording System -

A complete gain calibre'tion of each oscillograph recordlng channel

with i‘bﬁ associated conditioning. amplifier was perfor"ied. prior to the _
start of the test program, Bou'bine checks during ‘the course of the
-test program disclosed no. a;pjpreciable vs.ria‘tions (i €.y dr:l.ft or ..
fluctua'tions-)_. ‘Oseilloscope records were usually c&libre.'ted prior to .
each’ ru'n_.u_sing a precisi_on.'-vogl,tage' SOurce,__ ) ._

Gas Temperature Probes

 Prior to installing & probe on the model the: ‘bhin wires Were

- spldered to the probe tips and a reslstance temperature celibration was .

B made.- i was round that a. slight amount of slack was. needed in l:he thin S

: wires 4o avald 1Jire ‘nreekage during callhra*tion resulting from the
thermel induced movemen'ﬁ of ‘the probe tips. . Teu-[: wires woulrl usually -~
“break during’ calibra‘tion The . celibration cons:l.s'ted. of heeuing the

' probe through & temperah:xre range of approximatelv 20° 4o 100° [oX enci

‘ reccrding the corresponding resls'tances. .

Flow Vlsualizatlon

A double»-paﬂs, collima*ted-light, Schilieren system: waE used to
o’otain flow v1sualiza%lon over & 16—inch dlameter f:l.eld of view of ’rhe
, model base High s:peed mo\rie and single frame camera equipment were:.

: uscd 'to record 'the test events._
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TEST PROCEDURE (Continued)

Data Apquisition

Both oscillographs and oscilloscopes were used to record test data.
Model measurements were recorded on Tekironix 502 dual beam oscillo-
scopes using trace swsep speeds ol 10 ms/cm and span sensitivities
individually set to provide adegquetie trace deflections. However, since
the total number of model measurements was too large to record simul-
taneously, they were divided into groups which were selectively "plugged)
in turn, into the available 50 oscilloscope channels. Eight additional
channels were slloceted permanently to high priority, model measurements
that were desired on each run.

Facility and model combustion data were recorded on fourteen
channel. direct writing, light-beam oscillographs employing galvano-~
meters having & flat frequency response bandwidth of 0-600 HAz. A chart
speed of 32 inches/second provided adequate time resolution and
frequency response. Conditloning amplifiers having a variable gain
from 1 to 100, adjustable in precision steps of 1, a2, 5, 10, 20, 50,and
100, provided the amp/ification necessary to drive the galvanometers.

TEST OPERATIONS

The test objectives required simultaneous realization of steady
exhaust plumes from three scale SSME rocket nozzles as well as from the
two solid propellant BSRM engines during the short duration of steady
external flow produced esbout the 19-0TS model. After iriitiation of the

external flow, model operation was characterized by ignition of BSEM and
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TEST PROCEDURE {Continued)

SSME propellants sequenced %o attain simultaneous, steady state plume
flow.

As might be anticipated, proper synchronizetion of the three flow
events (i.e., orbiter SSME rockets, SRB motors, and Indwieg tube ex-
ternal flow) repregented the major development task. For example, it was
soon discovered that the TO msec steady Tlow period achieved in the free-
jet test section with tunnel airflow alone was reduced to only 20-30 msec
with the rockets operating due to mAss addition effects in the receiver
tank and earlier than anticipated arrival of the tank €illing wave at
the model station. These effects required very careful timing of the
rocket plume and Ludvieg tube Flows as well as the implementation of
some special techniques to provide more rapid rocket thrust bulldup.

Event repeatability, adequate synchronization, and some reductions
in the ipitistion time of the various events were achieved by such

procedures as the use of high vnltage/capacitor discharge activation of

solenold valves, fabrication of special timers, and changes in the BSRM

ignition gas mixbure ratio and pressure. The vepeatability of autovaelve
operation was enhanced by the intentional "breaking-in" of new seals and
the synchronization of opening and closing pressure charges based on
+he results of an autovalve response optimization study performed
during the test program.

As an example of ancther special technique employed during the

program, refer to Figure I which shows & composite of several pressure-
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TEST PROCEDURE (Continued)

+ime histories reproduced from ectual data records. It is seen that
the "normal® time period required Por the SSME combustion pressure to
stabilize after igniiion is on the order of 30-35 msec- Since this
time was too long for the available tes* periocd, & method of reducing
the response time was required. A procedure Was developed equivalent
to the use of throat diaphragms in that combustion gases are contained
in the chamber until design pressure is reached while avoiding the
necessity of nozzle removal after every run for diaphragm replacement.
The procedure involved the use of expendable close-fitting plugs which
are inserted into the three SSME nozzle throats. The plugs are of &
proper weight and length to allow thewm +o accelerate to high velocity
during the combustor pressure buildup and then clear the nozzle throat
station at, or somewhat ahove, the design operating pressure. The plug
velocity is sufficlently high at this time to assure its complete
departure from the model base reglon during the data acquisition period.
The inexpensive plugs used for the present program (illustrated sche-
matieally in the upper right corner of Figure ) consisted of an aluminum
rod having 8 diameter slightly smaller than the nozzle throat inserted
into & short section of 3/h—inch wooden dowel. Troper welght was
achieved by simply gluing 8 steel nut to the dowel.

The marked reduction in combustor rise time accompanying the use
of plugs is illustrated by the upper ("Improved“) pressure trace in

Figure 4, which shows the pressure reaching an essentirlly coastent
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TEST PROCEDURE (Continued)

value within approximately 10 msec of the start of pressure rise. The

slight pressure overshoot was intentlonal since this condition was

found to provide the minimum time to attain a steady pressure level.
The use of throat plugs was also employed with the BSEMs during

the later period of the present test program.

Also shown in Figure 4, to the same time base as the S5ME combustor

pressures, are records of the fast-aeting SSME bipropellant valve
position potentlometer and flow metering venturi inlet pressures. The
extremely rapid opening characteristic of the valve is evidenced by
the near vertical initial slope of the piston displacement record past

the point of full port opening. Similarly, the venturi pressures rise

to their operating levels within a few milliseconds after valve opening,

remaining steady until valve closure terminates flow.

As 8 final illustration of the overall synchronization required,
and ultimetely achieved, Figure 5 shows a number of data traces from
various evemts recorded during & single run and cowbines them in a
single composite record having the same time reference. QConsidering
Pirst the rocket parameters, ignition of the two BSRMs is seen to lead
the sequential chaein of events.* Inltiation of propellant burning and
*Although not shown in this record, in actuality the Initial event is

actuation of the Ludwieg tube disphragm cutter, which occurs ahead of
BSRM ignition.
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TEST PROCEDURE (Continued)

rise to peak pressure tekes approximately 15 msec, at which time the

diephragms rupture and BSRM flow first issues into the test section
Prom the nozzles. TFollowing a rapid decay from the “starting spike,”

steady ope ating pressures are reached within approximately 10 additional

msee. The similarity of behavior between the two rockehs is quite

apparent from the pressure Tecords.

At about the time the BSRM rockets begin flowing, SSME ignition

oceurs, followed by throat plug expulsion about 8 msec later and

attainment of steady pressure in reasonable synchronization with the

SRBs.

Tunnel conditions also stabilize rapidly, with stegnation pressure
(p,) and pitot pressure (as evidenced by the external tank nose pressure
record) reaching a nominally steady level within 10 msec after initial

rise. Total temperature increases somewhat (375°F to 400°F) during the

vun time as initially cooler air from near the dimphragm station is

replaced by hotter air from farther up the supply tube.

Pipally, base pressures on both the orbiter and external tank

respond in parallel, first responding to the BSEM rocket f£low (as

evidenced by the small rise which precedes initiation of external flow)
and then to the steady airflow level.

Tormal data acquisition occurs over the 20 msec wide interval

identified in the figure; it 1s terminated by test section flow break-

down, which is readily identified by the abrupt increése in mpdel base
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TEST PROCEDURE (Concluded)

pressures, followed a short tlme later by a similar increase in external
tank nose pressure. Note the* the rocket and Iudwieg tube supply
conditlons remain stesdy until well after flow breakdown has occurred,
clearly demonstrating the test duration restriction imposed by the

receiver tank filling wave.
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DATA REDUCTION

PRESSURE

All of the pressure transducers employed during +this program

operate on a differential basis in thet they sense the change between the

local pressure applied to the model during the run and the pre-run
amblent pressure. Accordingly, the receiver tank pre-run absolute pres-
sure was added to the measﬁred pressure change for all transducers
exposed to the tunnel enviromment. For the BSEMs, however, the initial
ignition ges pressure (12 to 18 psia) was added to the transducer out-
rut to derive the absolute pressure.

HEAT TRANSFER

The thin-film gage is a resistance thermometer which responds to
the local surface temperature of' the substrate. The classical theory of
heat conduction in a homogeneous body is used to relate the surface
temperature history to the rate of heat transfer. Due to the consider-
able effort required to convert temperature~time records into eguivalent
heating rate histories, an analog network, referred to as a "q-meter,"
has been developed to convert the temperature signal directly into a heat
flux in real time for presentation on the oscilloscope (Reference 5).
All thin-film gag:, hect transfer data for this study were obtainegd
directly through the use of g-meters.

The heat transfer data were converted to engineering units using

the following formula:
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DATA REDUCTION (Continued)

a ( B ) . 6 Rp (RS*'EQ*'RL)
f%i sec A (DIR + Rp) (X) Rg + Rp
where
& = Deflection of the data record
DIR = Dummy load resistor used to simulate the expected heating

rate for calibration of the dsie channel

A = Deflection of a square wave signal resulting from the in-
sertion of the DIR during date channel calibration

RP = Precision resistor used to calibrete the conditioning system

(Rp = 100 )
K = Gage Sensitivity = AR/AT
Rg = Heat transfer gage circuit series resistor (RS = 1000 Q)
Ry = Pre-run heat transfer gage resistance

Ry, = Resistance of gage line extensions between sensing element
and constant current network (Ry = 5 to 10 Q)

To sccount for the absorptivity of the radiation gages, measured

radiant heating rates were corrected by the following expression:

Yaetual ° qmeasured/o'gs
RECOVERY TEMPERANURE

Heated Base Tests

Estimates of local base recovery temperatures have been made
utilizing hested base components on the model. This technigue relies
on the prineiple of proportional variation in heat transfer with the
temperature differential: recovery temperature (TR) minus base

temperature (Th). Measured model hesting rates were plobied sgeinst
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ﬂ%@ DATA REDUCTION (Continued)

the varibus test base temperatures and then extrapolated to ze:&o
heating rate (i.e., Tq = ’J.‘B). The value at that intercept is thus the
estimated recovefy terﬁperature. An example of this prbcedure is
preseated in Figure 6. The data reduction procedure for calculating
heat transfer at elevated base temperaturés are similéf to tho.s-é of fhe
standard gege but include additiqnal correc.'l;ions to account for _

temperature dependent substrate propertiés and gage sensitivities.

Gas Temperature Probes

Gas fefﬁpéi-a;ture pfobé dat§ reductibn.pr.d.cedures' are 'd"eta'i'le.d Iin
Reference 7. A brief summaATy of the procedures is given belqw.

éas recovery temperaﬁure is obtained. frofn the one .d.imehsioné.l

heat balance equation for & thin wire.

Qg =3+ Qe ~ % - Yw ¥ g

o
3T,

Ape
at

fl

q, = heat accumuleted in wire

qJ = heat due to current flow = I2 a’o [l -t-"o:é-('l‘w - To-)'] /A

Q, = heat input to the wire from gas = ha (T, - T,)
- o
_ 3K B, -
gy = heat conduction to wire supports = -A ——m— i
| | SR i
qu, = heet loss by rediation from wire = €. o 7DL, ' ‘
gy = heat gained by radiation from gas = qurg'ﬂ_‘D/a
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DATA REDUCTION (Centinued)

where
Qg = radiation from gas

A11 parameters in the heat balance equation are functions of the wire

or surrounding gas and are readily kmown except T,, T, and h. T, is

measured indiTEthy by the wirs. o _ ' : *f;
To obtain a solutlon, the heat balance equation may be '

nondimensionalized and quasi-linearized into the form

2
iy 3 m

BT Ay P T L s - z %
s I

with boundary condiiions
n=0,T="0 and n=1,T="T

where !

ﬁa& al,'and 32 are parametefs independent of wire

temperature

T = By /Ty

1M = X/L f‘)
5 = t[r 1

This equation form may be solved numerically by an implicit Tinlte
aiprerence relation in 7 and a backvard Finite difference relation in
s, The numerical methods are too_lengthy for this report, but they may
.be féund in Reference T.'
The gas recovery temperature design for Test IH5 was chosen to
simplify the data reduction procedufes. Specifically, twd'differenf
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DATA REDUCTION {Comtinued)

length wires mounted on <The same probe tip end subjected to the same
flow field condition allow simultaneous solution of two independent
steady state eguations with two unknowns, h and T,.. The nondimen-

slonalized and quasi-linearized equation in the preceding paragraph is

now of the form

aq + B-'ET +. .Q_.a..T_..= 0

where only the implicit finite difference relation in 1 is required for

numeriecal solution.

1o actually determine g&s recovery temperature, an iteration

procedure is used as follows:

1. Values of recovery temperature, T., and the convectlve heat
transfer coefficient, h, are estimeted for inpub to the data

reduction program. The convective heat transfer coefficient
is estimated by
h = 1.389 sy S8 p (VR
WS Ty

2. Using the estimated h and T, mean temperatures are calculated
for eech wire using the heat belance equation.

3. Mean wire resistances are calenlated from the mean wire

temperatures by _
Ry = Bo |1+ (T, - T,) + B (T - o) ]

where
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DATA REDUCTTON (Continued)

R resistance at initial wire temperature, To

0

o & B = coefficients of resistance

ﬁﬁ = mean wilre temperature

Caleulated mean wire resistances are compared to the gheady
state resistances measurad by the two thin wires; if the sum
of the errors between the calculated and measured resistances
is greater than 0.5%, new h and T, estimates are lmput to the
date reduction program for repeated caleulations. This
procedure is repeated until values of h and T, are.found which

satisfy the resistance error parameter.

Tndividuel wire lengths were ealeulated using the wire resistance

at 20°C (68°F) and the menufacturer's stated value of resistivity at

agte.

O an0g = REODC (%) = 1.853}{10_5 chm~cm

Wire resistance WaS detgrmined to be steady state at a time

coincident with stable model rocket engine flow. This generally

occurred between 35-50 milliseconds into the run.

TEST  CONDITIONS

Besed on airflow calibrations previcusly performed at ambient

temperatures, the Mach 4.5 ngzzle was determined to provide satisfactory

flow &t the design Mach number within £0.1 Mach number units over a

pressure range of 2 to 20 psia. For the purpose qf.thithast.program, :

the test section Mach number was considered constent at My, = 4.5,
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DATA REDUCTION (Concluded)

© Thus, test section static pressﬁre and static temperature were computed

byt
0.003455 B,

W

r,
'.'{.‘m = 0.1980 T
where P and '.13 were 'l:he average niozzle 1111&1: stagnation conditions -
measured on es.ch run during the date acquisi‘bion period when model
combustor and tunnel pressures were equilibrated (Reference Figure 5).
The respecta.ve simula.ted test alt:i.tude wag determined from & pressure

2% the ce.lculated static pressure, or PALT 2F,,

The test section unit Beynolds number, derived from 1sen'tropic

flow relatlons using air as an ideal gas was ca.lcul&'beci "by using the '

expression:

Yook [ e ]
T B \z o +wo (1o ) |

. 'J.‘he viscosity (.u) was based on Sutherland's formula:

i = 0.350 x 1076 ..(Tm — 3/2 ( 690" '
' kg2 T, + 658
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DTSCUSSION OF RESULTS

~ The basic resul‘bs of 'bhe Test THS program are the pressure and
heat transfer deta obta.ined from the tests. In reduced form they are

_ included in Appendix B of this report '.t'ahle I provides an index by

run number of +the nominsl test conditions for which the data are repor‘bed. ,

Figure T deplects :c_'epw_:.e_eentative date from a flight condition near

staging (Mech 4.5 at. 140,000 Peet, altitude) vhere the model was tested
"both with and without the SRBs operating. Both heating rate and
pressure distributions are shown along. the vertical ceﬁterline from
just beneath the upper SSME- nozzle 1o 'hhe;b_o_&y -fle.p. Da'ta _re_peet-
ability wppears reaeonable. ' |
The reswlts of the base Tecovery temperature mea‘su_l_'emen'ts:. using

the hesbed oase technique were generally unsuccessful hece.use Of, an
~early. mali\mtion of the. ‘gages: The malfunctions We're'.atfributed to

construcetion features which allowed the platinum elemen'i; 'teminal

‘junctions to be suseeptible o therma-ny-inducea stresses. Alhough

: most of the heated gage sensor data. could not be resolved;: ‘one- sensoxr .- -

(tha) aia survive 1ong enough to provide scceptable dats. During

three consecutive s, its pre-fire temperature (calculated from 1ts

res:.stance change) was in excellent agreement with model 'bese -l;hermo- ST

couple measuremen‘as, thus lending eredibility to its oubput renponse

: during ‘the rum. Furthermore , ‘the- data. (sbown in Figure 6) predict’

a8 recovery tempera“bure with a ra.’f;her small uncerbaln'tsy bandwidth

namely, 180001? _3%
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DISCUSSION OF RESUINS {Continued)

Steedy State Gas Temperature Probe Results
The definition of the runs which used gas temperature probes is
glven in Table II. Also Included are values of wire lengths and

comnents concerning the test conditions and validity of the test data.

Typical wire resistance data traces are shown in Figures § and 10.

Appendix A lists the wire resistance dats whiech were used o
obtein values of gas temperature and convective heating coefficients.
Also included in the table are values of the voliage changes observed
on the thermocouples on +the probe tips. All the recorded thermocouple
temperature changes vere less than 20°C. A 20° change in probe tip
temperature will result in & change in wire temperature of less then
1%. For this reason, the probe tip temperature was assumed to be
constent at 300° K for all the data analysis conducted.

Figures 11 through 1% present the values of gas temperature and
free molecular convecktive heet transfer coefficients as a function of
test altitude. It is difficult to detect specific trends in the data
due to the limited amount of date obtained. However, it is noted that
the gas temperature values are lower than expected while the film
coefficients are slightly higher than was predicted prior to the test.

Figures 15 and 16 present a comparison of the thin wire probe
responses with the response of the pressure transducer and heat trans-
fer gauges located near the probe. These Tigures 1llustrate different

responses for twe runs. Figure 15 illustrates a rapid flow field
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DISCUSSION OF RESULTS (Continued) -
start-up, and Figure 16 shows & slowly developing flow fleld )
buildup. The different flow field buildups are a consequence of the

timing and mass flow fron the Indwieg Tube, SSME,and BSRMs. The wire
resistance appears to closely follow the flow field processes indicated
by the heating and pressure data.

Some simplified calculations were uwade for the data given in
Figures 15 and 16. To quelitatively determine the variation of the ges
temperature with time, the free molecular heat transfer coeffiecient for
the wire has the following dependency: hcxiP/qu. If one assumes
T constant and computes h as & function of time, where the steady state
value of h is used for & reference, an h versus time plot will result,
which has the same shape as the pressure time plot. If one plots the
heeting rate versus pressure, 1t is Pound that the curve is far from
linear where & linear relation would be expected for steady state
results. Since g = hB('I'r - mw) and hB is primarily a function of

pressure, T, nust be changing significantly during the run. Thus, the

r

assumption that the gas temperature is constant during the run is not
yalid. For example, the peak in heating during the first B msec. of
Figure 15 must be due to & higher gas temperature than was experienced
later in the run. To properly quantify the gas temperature as a
function of time before steady flow is achleved, a detailed transient
calenlation using the heating, pressure, and resistance data would be
required. This type of analysis would be time consuming, but could

provide additional insight into the type of flow processes which occur

*
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l\L; DISCUSSION OF RESULTS (Concluded)

during the test.
The results of the base recovery temperature measurements using
the ga&s temperature probes have been reported separately by Remtech,

Tne. (Reference T).
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TABLE I

NOMINAL TEST OPERATING CONDITIONS FOR REFORTED RUN DATA

Run No. Config. M
6 OT L.5

1ll'c 1t 11"
ll!‘d 1] 1
15 mn n
169. 1 11
19 0TS "
21b n 1
21c 11 1"
23'3 11} 11
3R oT "
33 n 1
31!_ n i
35b " y
35C 1 1t
]+9 [ 1} 13
50 it i
52 :: n
53 b
5h 1" n
56 n #
S-T [} 1 11{_0 h . ,+8 11 1
58 1 " 150 3. 08 in
59 " h 160 2.14 n
60 " y 130 6.61 " n
61 13 1] n_\‘o 9 . 89 i 1
62 " y 160 2.1k o .
6 3 1 i1 150 3 . 08 " Tt
Gh& " ft 111-0 h . }-f—B " "
6hb " " " " J " "
65 1" 1] lTO 1 . h_g 111 £
66 " y 150/2 § 1.5k 750 0
67b " N 150/ § .71 325 "
58a " " 140 k.48 6 1500 "
68b " 1t 11 1t " n
69 1 " 170 l- hg 1 n
70 " n 140 4. 48 " "
-Tl n n 17-0 l . 1'_9 1 1t
TEa " " 1-{0 /2 . TS TSO "
73 ! . iko/l § 1.12 375 b
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NOMINAL TEST OPERATING CONDITICHS FOR REPORTED RUN DATA

TABLE I (Continued)

T " 13 13
Run No. Config. M (K £t. ) o Cacmm Cony B

{psia) | (psia) | (psia) °r

Th oT 4.5 hof2 | 2.24 750 0 70°
5 ors " 90 36.5 1500 290 "
76 # " 140 R It} " 1k5 "
172 n " 100 23.2 " 290 n
o " it L H 1] Ll 1 1
:—rrg 1} 1 " 1t 13} 1 111
79 " i 140 L LR " 145 "
80c 1] 1] 130 6 .61 14 11 1
80(1 11 it 11 1 " it 1
81 t: 1 120 9 . 89 11 it 1)
82 1! 1 114 1 n 290 "
83 1 1] 110 15 . Ol 1t 1 ™
8k " ; 120/2 | h.9k 750 145 "
85 " . 120 9.89 1500 ; "
86 1t 11 130 6 . 61 n 1] 1
8-( " 1" lhO h_ . ha n 11} 17!
88 " " 120/2 | k.94 750 " "
gga " " 110 15.01 1500 290 r
9b i 11 " n 11 111 ]
90 ! ! 140 4.48 iy 145 "
9la " " 120 9.89 i 290 "
gl-b 1" " H 1 H 17 " L1
91c 1 1] 113 " 1" 111 1]
92 " " 100 23.2 " " "
- DR AU BT S I
g;{b 1l 1t i " it n i
96 oT " 160 2.1k " 0 u
9T 1" 1t 150 3 . 08 1 ] 1}
98 14 " lll—O h’. hB 111 " u
99 " 1" l-?-o l . ]'!'9 " n ”"
100 " " 1ko k.48 " " N
101 13 n 170 1 . h_9 11 1 11
102 ! " 160 2.1k " ; "
103 1 1t l’-!-o h‘ . hB t 1 Tt
104 u " 150 3.08 " " 80
105 14 n 1 n 1t 1 600
106 u 14 11 1" 1 It ! 1000
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TABLE I (Continued)
NOMINAT, TEST OPERATING CONDITIONS FOR REPORTED RUN DATA
e A I AN A R T ST A N R PN PACRTIT h l.) P P ﬁ]
Run No. Config. M (x ft. ) o] Coaum g B
(psia) | (psia) } (psia) oF
107 o 4.5 150 3.08 1500 0 300°
108 1 i ] t f i 800
D-l n 1 114.0 - 1@ tr To
D2 i 1t 220 - " [1] i
D3 1 n 200 - it " t
D’-l- | 1 it 160 - 1] i it
Ds 1t n 120 - n " "
D6 " t " - " " "
DT [ 1] n 90 - " it 1
DB tt 1" lTO 1 . ll’9 0 i 1]
D1l " " 110 15.01 » 0 T0
D1.2 " u 170 1 . 1'-9 L1 1 "
D13 " " 110 | 15.01 1500 " "
Dlh’ n n 170 1 . h9 T n 1
Dl6 " 0 200 - i e (]
D].T 1" 1t 160 - 1t 1 1t
D18 n " 180 - " 1" 1"
qu n 1] 170 - L] n 1}
Dao ] 1 220 - 4] 11 i
DIAG 0TS L.5 140 k. b8 0 0 0
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TABLE IT

THIN WIRE GAS TEMPERATURE PROBE RUN DEFINITION

;ﬁ Probe Al%i‘ouc;e Wire(Le?g‘ths
un No. IProbe No. |Location kit cm
Short Tong Comments
TT-4 1.1.25 ¢ 11-ET 100 §0.0888 10.1618(BSRMs didn't fire.
8 1-0.75 100 Jo.088 §0.1797
79 2-1.25 1o lo.0768 10.1753{Can't read long wire
data
80-A L 130 l l Scopes didn't trigger
Bo-B ¥ |1 BSRM fired
80-C 3-1.25 l 0.0762 }0.157L{No BSRMs fired
80-D l | ]Full orbiter - 1/2
81 v 120 v Booster Chamber Press
82 2-0.75 120 10.0926 }0.1806
83 1-1.25 110 §0.0806 }0.1h21
8l 1-1.25 v 120 10.0806 10.142111/2 Reynolds No.
85 1-0.75 §101-HS 120 {0.0757 j0-168L }1/2 Booster Chamber
86 2-0.75 130 §0.0915 }0.1361}/Pressure
87 140
88 120 can't read short
Wire data
89-A 110 Bad pt.- Erratic run
89-B 110
90 140 1/2 Booster Press.
01-A 120
91-B ¥ 120 A 4 7
91-C 3-0.75 120 10.09h9o 10.1683
92 3-0.75 v 100 10.0949 §0.1683
93-A 1-0.75 [113-HS 120 §0.1022 |0.1872
93-B 1-0.75 §113-HS 120 {0.1022 0.1872
9k 2-0.75 1-ET 120 10.1031 (0.1823
ET - External Tank

HS - Orbiter Heat Shield
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TABIE TIT. - MODEL DIMENSIONAL DATA

MODEL: COMPONENT: BODY - BlO

s

GENERAT, DESCRIPTION: Fuselage, 24 Configuration, Lightweight Orbiter.

per Rockwell Lines VL70-000089"B"

Scale Model = 0.0225

DRAWING NUMBER: VL70-000089"B", VLT0-000092, 93, gk"a" o
|

DIMENSIONS: FULL~SCALE MODEL SCALE
Length - In. 1328.3 29.88675
Max. Width - Tn. (@ X =1528.3) 265.0 5.96250 ol
Max. Depth - In. (@ X,=1480.52} 2k8.0 5.5800 ' |
Fineness Ratio 5.012 . 5.012
o
Area - Ft
Mak. Cross-Sectional | 456 .4 0.23105
Planform . i
Wetted o ;
Base !
i
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PABLE TIT. (Continued)

MODEL COMPONERT: CANOFY - C5

D s s

GENERAT, DESCRIPTION: 24 Configuration per Lines VL70-000092A

Scale Model = 0.0225

DRAWING HUMEER: V1.70~000092A

DIMENSION FULL SCALE
Length (Sta Fwd Bulkhead) 391.0
Max Width (T.E. Bulkhead) 560.0

Max Depth (WPZ = 421.922 to Z =500)

MODEL SCAILE
8.79750
12.6000

Fineness Ratilo

Arsa

Max (ross-Sectional

Plnform

Hetted

Base

60
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TABIE IIT. (Continued)

MODET, COMPONENT: MANTIPULATOR HOUSING - DT

GENERAL DESCRIPTION:

2A Configuration per Rockwell Lines_VLTO—OOOOQi

Scale Model = 0.0225

DRAWING NUMBER

YLT0-000093

DIMENSION:

Length - In.

Max Width - In.

Max Depth - In.

Tineness Ratio

Ares

FULL SCAIE

881.00

51.00
23.00

Max Cross~Sectional

Planform

Wetted

Base
gzZFuselage

= 0-00
WP = 500.0 INFS
X 1426.0 %o 1307.0 INFS

td
o

o
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MODEL SCALE

19.82250
1.1%750
0651750




TABLE IIT. (Continued)

MODEL, COMPONENT: Fh BODY FLAP

GENERATL, DESCRIPITON: 2A Configuration per Rockwell Lines _V’L’TO_—OOODQHA _

Scale Model - 0.0225

DRAWING NUMBER: VLT0-00009kA

DIMENSION: . ' FULL SCATE MOTEL, SCALE
Length _ 8L.70 1.90575
Max Width 265.00 5.96250
Max Depth

Fineness Ratio

Area - F'b2

Max Cross~Sectional

Planform 142,64 | 0.07221

Wetted ,

HBase . 38.65 - - 0.01957
62




PABLE ITT. (Comtimued)

' MODEL ‘COMPONENT: OMS FOD ~ M3

-GENE&QL ﬁESCHIIﬂEON}- 2AiLighﬁgeight Configuration Per Rockwell Irines

VL70-00009kA

Scale Model = 0.0225

DRAWING NUMBER: YLT0-00000kA

. DIMENSTON: = = . . FULL SCATE 'MODEL _SCATE
Length | 6.0 7.78500
Max Width X, = 1:50.0 | © 38.0  _2.h300
Max Depth X, = 1500.0 | 113.0 2.54250

' Fineness Réﬁio,

Area

Max Cfoss#Sectional'

Planfdrm SR
Wetted _ s B
g OF OMS FOD
‘= 463.9 INFS: WP Loo + 63 9 = h63.9
80.0 THNFS o

i 1214.0 %o 1560.0 = 3&6.0 WS
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| TABLE III, (Continued)

MOTEL COMPONENT: N8 - OMS NOZZLE

GENERAL DESURIP‘.L‘ION: Bas:Lc OMS nozzle of ‘the 24 Configuratioh per

Bockwell Lines VLTO-0083OS and VLTO 000089"]3"

Scale Model 0 0225

DRAWIRG NO. VLTO-»OOBBOG V'LTO-—ODOOBQ"B" SS—AOOO92 |

DIMENSIONS : . IR F[}’LL SCALE " MODEL SCAIE -

Mach Bo._ -

. Diameter Dex}-uin : | ' 50,000~ 1.1250

Diameter Dt In. _ o _ . N/a_ __m/a

Die.me‘ber Din.-.In. B ' ' ' Cag.00 0 T 0.630

On Degrees - . N/A | _ N/A

Area - Fto

Max Cross-Sectiomal . . _ 13.635 7_0-00'690 | N

. Gimbal Origin | ' % o Yo kg

_ Left Nozzle~In.. o . 1518 «-880 o - ho2 ‘

Right Nozzle~In. 1518 | +88 0 S yge

Null Position o emer

Left Nozzle = Deg = - 15° '1?9’ . -12° .j-T' X

Right Nossle -Deg - 1%kt a2PAT',

Intersection of Nozzle
Exit Plane and Nozzle

54
i

Centerline: - - Tm. - RIS N 570,75 . 35 3&188 .

ORI(:INAL PAGE IS

o
Q
]

+99.25 5338

OF POOR QUALITY =
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PABLE ITI. (Continued)

MODEL COMPONENT: NOZZLE - Wog

GENERAL TESCRIFTION: MPS Nozzle, Configuration 2A

Model Scale - 0.0225

DRAWTNG HO: VL70-0000898

IEMENSIONS: (for one nozzle) FULL SCALE 'MODEL SCALE
Mach No.
Diemeter Dex~In 92.0 2.070

Dismeter Dt ~1In

Diemeter Din-~.TIn

On Degrees

2
Area - Ft
Max Cross-Sectional 16.16396 n.02337
Gimbal Origin Zo Yo Zgy
Upper Nozzle ~ In ¥s 1hhs 0 13
Bottom Nozzle ~In Fs 1468.17 +573 543.36
NMull Position PITCH Yau
Upper Nozzle - Deg.(Piteh 111°, 16 0
vaw T9°)
Bottom Nozzle - Deg.(Pitch F11° 10 3.5 Qutb'd
Yaw 199)
65
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PABTE ITI. (Continued)

MODEL COMPONENT: VERTICAL - V5 (Lightweight Orbiter Configuration)

% GENERAT, DESCRIPTION: Centerline Vertical Tail, Doublewedge Alrfoil with

Rounded Leading Edge

Secale Model = 0.0225

DRAWING NUMEBER: VL 70~-000095
DIMENSIONS: FULL SCAIR MODEIL: SCALE
TOTAL DATA
Ares (Theo) Ft° 113.25 0.20921
Planform :
Span (theo) In 315.72 T.10370 |
Aspect Ratio 1.675 1.675 ,
Rate of Taper T 0.507 0.507
Taper Ratio 0. L0k 0.40hL

— |

Sweep Back Angles, degrees

Ieading Edge hg.ooo 45.000 ;
Trailing Edge 26.249 26.249 K
0.25 Element Line 1.130 141.130 :
Chords: J
Root (Theo) WP 268.50 6.04125
Tig (Pheo) WP iGB.ET - i.l;hos& .
MA .81 49572 B
Fus. Sta. of .25 MAC 153,50 32.92875 .
W. P. of .25 MAC 35.522 1429924 |
B. L. of .25 MAC 0.00 0.00 |
Airfoll Section N
Ieading Wedge Angle Deg 10.000 10.000
Trailing Wedge Angle Deg 14.920 14,920 '
Ieading Edge Radius 2.00 0.04500 3
Void Area 13.17 0.00567T 1
Blanketed Area __12.67 0.00641
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' ORIGIN

TABLE III. (Continued)

MODEL COMPONENT:

WING~W 87 NEW LIGHWEIGHT ORBITER

GENERAL DESCRIPTION:

orbiter Configuration per Lines VLT70-000093

{NOTE:

Dihedral angle is defined at the lower surface of the wing at

“the T5.33% element line projecte

d into & plane perpendicular to the FEL}

Scale Model = 0.0225

TEST NO.
DIMENSTONS:
TOTAT, DATA o
Area (Theo.) ¥t
Planform
span (Theo.) In.
Aspect Ratlo
Rate of Taper
Taper Ratio
Dihedral Angle, Degrees
Incidence Angle, Degrees
Aerodynamic Twist, Degrees
Sweep Back Angles, Degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root (Theo) B.P. = zero
T4p, (Theo) B.P. 468.341
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
FEXFOSED DATA
Area {Theo) Ft

Span, (Theo) In. BPLCS to 468.3h41

Aspect Ratio
Teper Ratlo
Chords
Root BPLO8
Pip 1.00 b/2
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.I.. of .25 MAC

Alrfoil Section (Rockwell Mod WASA) XIXK-

Root b/2 = .h25
™p b/2 = 1.00
Data for (1) of (&) Sides
Leeding Edge Cuff
Planform Area Fta

Leading Edge Tatersects Fus M.L.@ Sta
Leading Edge Intersects Wing @ Sta

AL
OF‘POCEB ]hAGELBS

QUALITY

67

DWG. NO. VL70~000093

FULL SCALE MODEL SCAIE
2690.00 1.36181
"035.68 21.07530

'"_357535_ 2.265

1.177 1.177T
0.200 0.200

T 3.500 3.500
.000 3,000
—__+3.000 +3.000
%5.000 45.000

— -10.2hk Z10.24
__35.209 35.209

689.24 15,50790
137.85 3.10162

LBl " 10.68322

1136.89 25 . 58002
299,20 6.73200
132.13 L. 09752

1752.2 0.88710
720. i6.21530

2.058 2.050

0.2451 0.2451
62.40 12.6540
137.85 3.10162

T 393.03 B.85318

1185, 31 26.66948
300.20 6. 75450
25L.7 5.66460

6E
0.10 0.10
0.12 0.12
—156.33 0.06092
60.0 12.60000
1035.0 23.28750

o e e T g
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TABLE TIT, (Continued)

MODET, COMPONENT: T8 ~ EXTERNAL TARK

CENERAL DESCRIPTION: 2A Configuratlon per Rockewell Lines:

VLT8-000018 and VL72-000061"4A" Body of Revolution

Scale Model = 0.0225

DRAWING NO:  VL78-000018

DIMENSION: FULL SCALE MODEL SCALE
Length ~ In. 1989.0 4L, 75250
Max width (Dia.) - In. 324.0 7.2900
¥ax Depth
Fineness Ratic IL/D 6.1389 6.1389
Area - Ft2
Max Cross-Sectional 572,56 0.28986
Planform
Wetted
Base
REF:

FS (Orbiter) = 0.00 = Tank Station 752.2 IN. FS
WP (ET) = WP koo {(Orbiter) - 34h.h IN, FS = 55.6 IN. FS
BP {Orbiter) = 0.00 = 0.00 ET

68
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TARLE ITI. {Continued)

MODEL COMPONENRT: BOOSYER SOLID ROCKET MCTOR - Sy

GENERAL DESCRIPTTION: 2A Configuration per Rockwell Lines VLTT~000012

and VI,72-0000614, but with an MCR 200 (Configuration 34) Skirt per

Rockwell Lines VELTT-000036A.

Body of Revolution; Date for (1) of (2) sides.

DRAWING NUMBER:

DIMENSION: FULL SCALE MODEL SCALE
Length in. 1932.00 13,470
Max Width {Dia) - in. BSRM Tank 142.00 3.1950
Max Depth (Dia) Aft Skirt 192.0 k. 320
Fineness Retio I./D 7.459 7.459
Area Fte
Max Cross-Sectional 109.978 0.05568
Planform
Wetted
Base
REF3

FS (Orbiter) = 0.00 = Th7.99 in. ET = 200.0 BSRM
wp (BSRM) = 200 =~ 34hk.413 = 55.587 in. FS
BP (Orbiter) = 0.00 = 0.00 = 243.0 BSRM
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ZPABLE ITT. (Concluded)

MODEL COMPONENT: NOZZLE - N65

ie

GENERAL DESCRIPTION: MCR 0200, Configuration 34, T:l Expansion Ratio

BSRM Nozzle Attached to a Configuration 2A BBRM.

Model Seale = 0.0225

DRAWING No: VL7T7-000036A

DIMENSIONS: (For one nozzle) FULL SCALE MODEL SCALE
Mach KNo.
Diameter Dex ~ In (One Nozzle) 141.3 3.179
Diameter Dt ~ In
Diaweter Din ~ In
On Degrees
Area - Fta
Max Cross-Sectional 108.896 0.055
Gimbal Origin *Xs Y5 %o
TLeft Nozzle ~ In. F.S. 1796.15 -243 400
Right Nozzle ~ In. FS 1796.15 +2h3 LoD
Hull Position -~ Deg. PITCH YAW
Left Hozzle (Pitch ¥50,Yaw 15°) 0 0
Right Nozzle (Piteh 5°,Yaw X59) 0 0

*
Gimbal origin shown is for the flight vehicle; for the model, the
origin 1s at X = 1764.5 due to interfece with the 2A Configuration

BSEM.
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COMPARTSON OF UTP-3001 AKD LPC~580C FROFELLANT COMBUSTION PRODUCTS

TABLE IV

P

UTP-3001 LPC~580C
Combustion Temp., T, (°R) 100 6330
Speeific heat, Gp (Btu/1b-°R) - 0.435
Molecular Weight, M {1bs/mole) 27.3 26.8
¥ effective 1.18 1.17
Combustion Products {Mole %)
€O 1 2
H, 28 28
B0 12 12
N, 8 8
Co 25 22
HC1 13 12
A1505 T 8
Other (H, €1, OH, AlCl,, ete. ) 6 8

100% 100%

7

N




LUDWIEG TUBE
MACH 4.5 NOZZLE

SSME NOZZLE

5

ORBITER HEAT i
SHIELD %

SRE NOZZLE S A |
& SHROUD [N ‘ o] j

EXTERNAL TANK DOME

a. 2.25% Scale
in Calspan
Figure 1.
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O STATIC PHESSUHE TAP

(O STD HEAT TRANSFEE GAUINE

@ RADIATION HEAT THANSFEF GalGE
(©) G4S TEMPERATHEF PRCBE

<] PITCT PROBE

(™| INDICATES ADDED INSTRUMENTATION
INDICATES ADDED INSTRUMENTATION

a. BExternal Tank
Figure 3. Model Toetrumentation Locations.
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EXTERNAL TANK BASE

NUMBER

Inches Inches

*R" Mcdel Scale "R" Full Scale "8" Degrees

GARUGE TYFE

(IIVI0 9004 J0
HOVd TVNIDLEO
OO <t

Sl

=

R

co 15

28

2.750 122.2 0
3.645% l62.¢ 7
2.750 122.2 270
2,750 122.2 180
1.980 B8.0 180
1.770 78.7 180
1.000 44.4 180
0.480 21.3 180
0 0 0
0.250 11.1 0
0.468 20.8 270
0.375 16.7 90
1.000 44.4 o]
1.770 78.7 0
1.980 88.0 0
1.812 80.5 270
2.290 1l01.8 270
1.300 R7.8 270
1.812 80.5 225
1.812 80.5 : 315
2.734 121.5 315
2.750 122.2 12 1/2
2.750 122.2 45
2.750 122.2 20
2,948 131.0 0
2.948 131.,0 135
2.948 131.0 180
2.948 131.0 270
2.948 131.0 315
1.463 65.9 135
2.948 131.0 45
2.948 131.0 Q0
2.9,8 131.0 225
2,290 101.8 Q0

a. Contimed
Figure 3. Continued.

Std. Gage
Radiation wauge
Std. Gage

Pressure

S5td. Gage
Radiation gauge
Std. Gage
Pressire

Gas temperature probe
Pitot probe
Std. Gage
Prassure

Std. Gage
Pressure

Std. Gage
Radiation gauge
Std. Gage

Radiation gauge

Pressure

Pressure
Pregsure

Pressure
5td. Gage

R . = L
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EXTERNAL TANWK SIDEWALL

Inches Inches Inches Inches
[ 1RV iy unpn 1 1" " (1] nl e e '.;E
NUMBER X Model Scale X Full Scale R Model Scale R Full Scale 8" DEGREES GADGE -%=
22 0.843 37.47 3.645 162 45 Prassure
23 8.593 381.91 3.645 182 45
24 0.843 37.47 4,795 209.1 315 Pitot Erobhe
25 B.592 3g81.91 4.705 209.1 315
26 0.843 37.47 3.645 162 318 Std. Gage
27 0.843 37.47 3.645 162 280 L
37 3.8432 170.80 3.645 162 280
ORBITER FUSELAGE
Inches Radial
Nunber M.S. Inches X~ Full Scale Position Gauge Type
39 32.440 1441.778 On lower q;

Pog Tiesy 39 RO 1005THRW FUEUFED
Fers. Trie (&5 Selics

8. Continued
igure 3. Continued.
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b. Engine Heat Shleld (Body Flap)
Figure 3. Continued.
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PITCT rRCBE

© STATIC PRESSURE TAF
(O STD. HEAT TRANSFEE ZAUSE
@ RACIATICN HEAT TRANSFER GAUGE —

LE
Yy \\ - Y
i LT T - e
-t
I |
1 |
] !
| i
I | S
| !
)
[60]
s
NOZZLE SHROUD \ BSRM BODY
NOTE: GulUGE 56 IS TN THE POSITION SHGWN
' BUT ON THE RIGHT-HAND SSRM
' ' c. BSEM Nozzle and Shroud e s
Figure 3. Continueqd.
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68

BSEM SHROUD

* Pitot Probe #46
the other pitot

e. Continued
Flgure 3.

Continued.

. : : AXTIAL
MUMBER  BSRM SURFACE LOCATION 2 DEGREES GRUGE TYPE
40 . Left External Inlet ) Pressure
a1 ' ‘ Exit 0
L 42 Internal Inlet 0
43 BExit 0
. 44 Inlet S0
45 Y Bxit g0
. 46 - * 0 Pitot Probhe
47 External Shroug Length 45 Radiation Gauge
- 48 Inlet 0 Std. Gage
- 49 ¥ Exit 0
- 50 Internal Inlet 0
51 : Exit 0
52 : External Inlet a0
" 53 ¥ BExit g0
BSRM NOZZLES ;
- 54 " (#4) Left External Exit 0 Pressure
. 55 ' i3 Internal g0
. 56 (#5) Right 270

ig in the same plane as the shroud inlet and at the same y & z lLocations as
praobes {24, 25, & 3])
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67,72,133

{ STATIC PRESBSURE TAP

Q} CONTOURED HEAT TRANSFER
GAUGE

168, 70,75 71,76
169

166

Q

‘69,74 i,

__._'_Qa__h.._-_
®
pe
&

NOTE: PHE HEAT TRANGFER GAUGES ON EAGH HOZZLE ARE
ORIENTED TOWARDS THE CERTER OF THE BASE HEAT SHIELD

SSME Firing Nezzle Iastzumentation

4. S8ME Firing Nozzle
Figure 3. Continued.
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67
68
69
70
71
168
165
166

133
72
73
7
75

76
169
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DEGREES___ GAUGE TYPE

A{TAL ngw
 NOZ4LE _______ LOGATION _ SURFACE
(#2) lewer Left 1.0 L Internal 0
(##2) Lower Left 2/9 L External 180
(#2) Lower Teft 5/9 L Fxternal 180
(#2) Lower Left 8/9 L External 180
- (#2) Lower Left 8/9 L External 150
(#2) Lower Left &/9 L External 210
(#2) Lower Left 0.2 L External 180
(#2) Lower left 0.6 L Lrternal 180
(#3) Lower Rieht 1.0 L Internal 0
(#1) Upper 1.0 L Tnternal 0
(#1) Upper 2/9 L  External 180
(#1) Upper 5/9 L Ixternal 180
(i) Ypper 8/9 L External 180
(#1) pper 8/9 L External 150
(1) Upper 8/9 L ‘External 210

Pressure
Gontoured Gauge
Contoured Gauge
Contoured Gauge
Contoured Gauge
Contoured Gauvge
Pressure
Preasure

Fressure

Pressure

Contoured Gauge
Contoured Gauge
Contoured (fauge
Contoured Gauge
Contoured Gauge

l. is the distance from the base heat shield to the énd of the nozzle.

d. Continued

Eigure 3.

Continued.
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QO STATIC PRESSURE TAP

CONTOURED HEAT TRANSFER
GAUGE

@ CONTQURED HEAT TRANSFER
GAUGE (RADIATION}

(,_u,-r ProviDED

g 13(2 T

140 79,137 80,138

=

i

e. SSME Non-Firing Wozzle
E_‘igu_re 3. C_on't_:inue_d. o
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Lo

o

NUMBEL

77
T8
9
a0
134
135
136
137
138
139
140

o]
S
~0
|l el el 0 il sl il o

At Throat
8/9 L

SURFACE ngh DFGRELS
Externsl O
External 0
External 0
External 30
‘External 15
Internal 180
Internal 180
Internal 180
Internal - 20 -
Internal 150

AXTAL TOCATTON

FAUGE TYPE

e dmrw A i e e ——

- Contoured Gauge

Contoured Gauge
Contoured Gauge

Contoured Gauge
‘Pressure -

Contoursd Gauge
contoured rauge
Contoured Gauge

'~ Contoured Gauge

Prgssure
Contoured Radia-
tion Gauge

-(Md—r.:'PtLowD'Eb) '

L is the distance from the base heat shield to the end of the nozzle.

I
ORIGINAL PAGE
OF POOR QUALITY

.- Continued o
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~Pressure. .- ... i
Pressure CoE
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. Pressure _
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'BASE HEAT SHTELD (Contimued)

P N ol

wynt TNCHES

. Wy INCHES

WZh TNCHES ~ WZh INCHES

- __NUMBER _MODEL SCALE _ FULL SCALE

81
)
83
8l

: B85
152
150"
151

-2.363
~-2.35C

- -2.048
~1.360

L #.360

1+2.750
-2.350

-105.0
?'1010--14- o

L91.0 .
_6001{- :

60.4

- 122.2
. -10L.4
“10k .k

10.548

=1.840 - -
+2:100°

2,100

41,560

~1.933

_ MODEL SCAIE FULL SCALE

2k

“45.6

8.8
93.3 :

©9.3°

. -85.9
"_12-5

GAUGE_TYPE

Pressure

Pressure

- Pregsur:
. Pregsure

'Pressure

. Pressure
. Btd. Gage . .
~ 5td. :Ga_g'ﬁ:'f '

OM5_POD

 NUMBER

,  nyn fﬁEHES_ "

Py INCHES

WZW INCHES  VZ ' INCHES

_—

58

S 59

57

'MODEL SCALE

~2.L40
2750

. . "2».750'

-108.4

L AR20R

1,250

' lgﬁﬁO  _:”

La60 e 6903

FULL SCALE _MODEL SCAIE FULL SCALR = GAUGE TYPE'
| Radiation |
Standard. = .ot
Presgure

‘£, Cortinued

69-3 f : ;

 Figure 3. Comtinued, = R




OM> FOD

TNUMBER | "X" INCHES MODEL SCALE = "X" INCHES FULL SCALE  GAUGE TYPE

60 0.968 43.0 Std. Gage
61 0.281 T
62 0.281 1255
63 0.281 12:5

OMS NOZZLE (ONE ONLY)

TNUMBER ~~ AXIAL LOCATION  SURFACE & DEGREES GAUGE TYFE
—_g!:—ﬁ* At Throat i - - " Pressure
65 End of Nozzle External 0 Contoured Gauge
66 End of Nozzle Internal. 180 Contoured Fauge
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f. Continued
Figure 3. Continued,
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Figure 3. Continued.




(O) HIGH TEMPSRATURE HEAT TRANSFER GAUGE

h. Orbiter and External Tank Heated Base Plates
Figure 3. Continued.




EXTERNAL TANK HEATI:D_ HASL, PLATE

v INCHES nie" INCHES
_FUMBER | MODEL SCALE _ FULL SCALE "g" DRGREES GAUGE T¥PE . ___
141 0 0 0 High Temperature Gauge
142 1.800 80.0 0 High Temperature Gauge
143 1.800 £80.0 180 High Temperature Gauge
144 1.800 80.0 270 High Temperature Gauge
145 1.800 g80.0 5 High Temperature Gauge
146 2.710 120.4 356 High Temperature Gauge
147 2.710 120.4 180 High Temperature Gauge
148 2.710 120.4 270 High Temperature Gauge
149 2.710 120.4 315 lligh Temperature Gauge

e il eyl s T e G o st i G oS St i S i e s ey s

HI'ATED. QUPITHR. BASY HRAT SHIELD _

Wy INGHFS | "YYW INCHES W2t INGHES V2" INCHES
NUMSER_ MODBL SCALL K11, SCAL NODEL SCALE FULL SCALE _____ GAUGE TYFE

118 0,290 12.89 0.405 12.00 High Temp. Gauge
119 0 0 1.655 73.56 High Temp. Gauge
103 1.390 61.78 2.485 110,44 High Temp. Gauge

S e e o R o e e e e O e OG0 s o Tt e i ———— e & —

h. Continued
Figure 3. Continued.
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Figure 11. 19-0TS Recovery Temperature Measurements on ET Tank.
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APFENDIX A

TABULATED SOURCE DATA:

Gas Recovery Temperatures
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r48%

MEASURED THIN WIRE RESISTANCE AND THERMOCOUPLE DATA
AT STEADY STATE CONDITIORS

Thermocouple
Short Wire (SW) Long Wire (IW) Voltage Change
Run | Probe Read INITIAL | AR Ryporar, | RTRITIAL] AR Rporar, | (SW) (W)
# | Tocation | Time | (300°%K) |T9) (@ | (300°8) | Ty @) | Ae Ae

(msec) () () (mv) (mv)

TT-A 11-ET 50=55 33.00 10.00| 43.00| 59.75 20.00 79.75 - -
78 11-ET Lo-50 32.49 2.87| 35.36f{ 66.50 11.75 78.85 | 0.25 0.25
9 11-ET LO-k5 28.35 5.00{ 33.35| 64.75 15.00 T79.75 | 0.15 0:15
80-B 11-ET 45-50 28.35 1.50| 29.85| 6k4.75 6.60 71.35 | 0.10 0.10
8o-C 11-ET ko-45 28.15 0.80| 28.95| 58.25 2.20 60.45 - -
80-D 11-ET 50-45 28.15 5.90| 3%.05| 58.25 23.20 81.45 | 0.25 0.25
81 11-ET 15-50 28.15 7.841 35.99| 58.25 24.80 83.05 | 0.10 0.10
82 11-ET L0-50 34.25 8.h0| ke.65| 67.10 26.80 93.90 | 0.25 0.25
83 11-ET 45-50 29.80 6.76| 36.56| 52.65 17.60 70.25 | O0.h2 0.55
8k 11-ET 55 29.80 5.60| 35.40| 52.65 1k.88 67.53 | 0.15 0.25
85 101-HS 45-50 28.00 4.50| 32.50| 62.25 19.00 81.25 | 0.30 0.30
86 101-HS 48 33.80 5.60| 39.k0| 50.%0 11.30 61.70 | 0.33 0.30
87 101-HS 45 33.80 12.20| U46.00| 50.40 21.00 T1.40 | 0.50 0.55
88 101-HS 45-50 33.80 7.20| u1.00| 50.40 12.00 62.40 - 0.25
89-A 101-HS 45 33.80 14.68| u48.80| 50.k40 29.50 79.90 | 0.75 0.90
89-B 101-HS 40-50 33.80 10.60{ uk.bo| 50.k40 22.00 T2.4%0 | 0.70 0.80
90 101-HS 35-45 33.80 10.k0| Uh4.20| 50.40 20.00 T70.40 | 0.55 0.55
91-A 101-HS 38-45 33.80 13.80| Lk7.60| 50.40 27.00 T7.%0 | 0.60 0.60
91-B 101-HS 34-39 33.80 7.50| 41.20| 50.h40 16.20 66.60 | 0.30 0.45
91-C 101-HS 35-50 35.10 10.40] U45.50| 62.30 26.00 88.30 | 0.79 -
92 101-HS L2 35.10 10.60| u5.70| 62.30 30.00 92.30 | 0.k0 -
93-A 113-HS 45 37.75 6.4%0| 44,15 69.25 12.50 81.75 | 0.30 0.30
93-B 113-HS 50 37.75 10.80| U48.55| 69.25 22.00 91.25 | 0.30 0.30
9l 01-HS 35-40 38.20 16.00| 54.20{ 67.60 38.00 {105.60 { 0.k0 0.%0




APPENDIX B

TABULATED SOURCE DATA:

HEAT TRANSFER AND PRESSURES

This Appendix presents pressure and heat transfer data for the 98 runs
which produced useful data during the IHS5 test program.
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RUN MUWHBER=

g W
[ox

GAGE

6

CONFIGURATION= OT

MACH HUKBER= 4.5
ALTITUDE=142. K FT

ANGLE OF ATTACK= 0 DEGREES
80.0 DEG F

] TET= 8040 PEG F

(e
[
i%-EXTERNAL TANK BASE (COLD}

P

10 0.0109

16 040106
156 0.0109
157 0.0114
158 D153
159 00112

—_ 170
—l

040131
0.0098

172 ¢.0099

EXTERNAL TANK SIDEHALL

aGDY FLAP

SSHE - NOZZLE #1

T2 22500

P/PINF

Dab98
De&T9
04698
0730
D980
0.T17
0.839
O.b628
Oatby3%

P-PINF

~0 «004T2
-0 a00502
—0 60472
-0.004%22
~0,00032
—) - 004%2
-0 900252
) .00582
—0.00572

- pQINFz 4452 PSIA

PINF= D.0156 PSIA

TOINF= 420.3 DEG F

RE/FT TIHES 10{—%}= 5215
PL123= 1675.0 PSIA

PLA 00 PSIA

PLo= 6.0 PSIA

PC123/PINF TIMES 10{—4%}= 10573

pIPCL GAGE 0

1.000 1 0a06
0.972 3 004
14000 s 000
1,045 5 Ge0&
1,404 7 0419
1028 15 £ 006
1.202 17 0405
0.899 19 ~t 005
0.908 20 00
21 040
28 £ 008
37 040
29 0.87
33 040
34 0.0
25 0.0
206 ‘00

GAGE

18

129

130
131

Q-R

0.04
Da0
0.0
0s0




RUM & CONTINUED

GAGE [ P/PINF P-PINF P/PCL GAGE (] - GAGE o-R ; 'f
- SSHE NQZZILE #2 i

&7 2244500

. _ i

SSHME NOZZLE 43 L
132 2,0200 . E

BASE HEAT SHIELD {COLD}G

130

& BovVd TVNID

82 G.019% 1e274 0.00428 0.774 202 2.8
90 00257 laé46 0.01008 20000

GREITER/TANK STRUT

124 0«08
125 Oalk

nd 9004 J0

§11

) .

F RS RTINS TP SIS S PERUN




 RUN HUMBER= 14C
LONFIGURATION= OT
MACH NUMBER= 445
ALTITUDE=1424 K. FT

. AHGLE OF ATTACK= 0 DEGRE

YoB= 80.0 DEG F
TET= 80.0°DEG F

GAGE P
EXTERNAL TANK BASE (COLD)
10 00096

BOGY FLAP

gLt

L EFT OHS FOD
&7 0.0191

ES

PIPINF . P—PIHF

04628 ~0.00568

1251 0.00383

POINF= 4.42 PSIA

PINF= 0.0153 PSIA

TOINF= 4B2.0 DEG F

RE/FT TIWES 10(~4)= 480
PC123= 1594.0 PSIA

PC4 0.0 PSIA

PCS= 00 PSIA

PLIZ3/PINF TINES 10f-&)= 10w4%

P/PCL. GAGE Q GAGE
1000 g Ooll
29 0.B6
33 Da31
34 0.0
35 > 5595
204 2:14%
206 0.33
63 0.18 58

Q-R

0.0




RUN 140 CONTINUED

GAGE P P/PINF P=PINF P/PCL GAGE Q GAGE Q-r
BASE HEAT SHIELD (COLD)

B2 0.01%% Le303 Je 00403 00437 102 O.24

1 00148 1.100 D.00153 Ce369 103 >1e86

. a8 00170 1,113 0.00173 0374 104 1.38
: &% 0.0250 Le637 Ge0Q0973 0549 105 >1.75 "

i S0 0 w0455 2.979 G.03023 1.000 10& 1.18

; 91 0.0316 24069 0.01533 05695 107 l.80

: 92 C w0249 lue3l 0.00963 So547 108 264

! _ 93 0e0201 1l.316 NeD0%#B3 Defth2 109 >1e61

; 25 00201 1.316 0.00483 Des42 110 0306

i 142 0.0172 L.126 0.00193 03278 150 0.28

184 0.0191 la25] ¢a00283 0u%20 111 512

112 > 1.d9

113 L.07

1i4 091

115 > 1.92
116 > 2438

117 0.52
202 3 3%
152 069 A

1L

i - .




g,

"RUN -NUMBER= 14D
CDHFIGURATIDN- o7
HACH NUHBER= 45
ALTITUDE=t4le K FT

ToB= 80.0 DEG F
TET= 8040 DEG F

SIrTYOD HOOd H0
St @OV TVNIDED

GAGE: p
EXTERMAL TANK BASE (COLD})

10 00088

BGDY FLAP

gLl

LEFT ONS POD
57  0.0081

LAFT DHMS MOZILE

S5ME NOZZLE #1
Te 2+5200

©SHE NDZILE #2

&7 21900

ZNGLE OF ATTACK= 0 DEGREES

P/PINF

04545

0.502

P-PINF

—0.00736

~D 00805

POINF= 4068 PSIA

PINF= 0.0162 PSIA

TOINF= 4542 DEG F

RE/FT TIMES 10(—A)&= 5.19
PCi23= 16080.0 PSIA

pCh 00 PSIA

PL5= 0«0 PS1A

PCL23/PINF TIHES 10(-4)= 18e39

P/PCL GAGE G GAGE

1.000 9 Jal5
29 1.05
204 206
58
&5 - 0#17

017

N

O




004 30

| RIFTYO0
EE.QIEY?EE

RUN 14D CONTINUED

GAGE

82
86
88
a9
90
91
92

g3

95

162

164

TYNIBTEO

6L1

p

BASE HEAT SHIELD (COLD)

N 0::0130
0.0119
-.0a0250
Q0257 .-

COa242
_0PLE3.
 De0199
T Ge0LBZ

..C.0208

" PIPINF

24996
0.804%
0.736
1s54&
2aT46

1.58%7

1a497

1,008
‘14231,

1. 126

1286

p~p INF

000Ul
-0 9093 17
~0a00427
0.00E83
0.02623
0.00853
0400802
0400013
0.00373
0 000203

p/PCL

0363
0293
0.268
0.563

: 10000

0.579
0545
DalB
0.410

0=%48

GAGE

104
105

106

107
108

109

110
150
i1
112

113 .

115
116

202
151

026
1e60Q
1.93
139
178
2.57
037
D435
6409
2474
~ 1a45
. %alb
286

. 3a79

C 0462

GAGE

Q-R

v =




RUN ‘NUMBER= - 15 3

Oel

CONFIGURATION=  OT
" MACH NUMBER= 4.5
ALTITUDE=151s K FT

AMGLE OF ATTACK= O DEGREES

TOG= 800 DEGF
TET= 800 DEG F

GAGE P

EXTERNAL TANK BASE (COLD)

10 0.0090"

EXTERNAL TAMK SIDEWALL

EQOY FLAP

LEFT OHS POD
| 57 0.0163

_EFT OHS NOZZLE

SSME NOZZLE #1
72 243400

P/PINF  P-PINF

0.851 ~0.00157

1.542 = 000573

POINF= 3,06 PSIA

PINF= 0.0106 PSIA

TOINF= 331.0 DEG F

RE/FT TIMES 10(—%}= 3.76

PC123= 1693.0 PSIA

PC4 0.0 PSIA

PES= 00 PSTA

PC123/PINF TIMES 10(-~4]= 1601

P/PCL GAGE Q GAGE
1.000 9 OWl1

33 0.0 132

3% . 006

35 018

204 1.93

205 1.04

206 032

63 D.eb8

&5 0«12

Q=R

D0




T I ™

RUN 15 CONTINUED

GAGE P P/PINF P-P INF PSPCL GAGE Q GAGE g-R
SSHE NDZZLE #2
67 2.0300
SSME NGOZZLE #3
133 24100
BASE HEAT SHIELD ICGLD!
az G.0129 1220 0002332 N«248 102 023 LTS 0,05
- B& D.0146 1381 0400403 0304 104 1453 97 0.0
; a8 00139 1.315 ©.00333 0.28¢ 105 2.03 99 0.0
89 0.0250 24385 0201443 0520 106 la34
9G 00481 5,550  0.03753 1.000 108 2,68
s 91 00274 22592 0015683 0570 109 HeTO
: 9z 040240 2:270 0a01343 0499 110 048
N 93 0.0182 1.721  0.00763 0378 150 024
F 95 0a0168 1,589 000623 0349 111 .18
i — 162 0a1152 1.438 000463 0316 112 2429
i N 164 0-01iB0 1.703  0.00743 UnBTH 113 ~ 121
i 115 3.98
' 116 2.54
E 117 0.1l
L 202 4.55
0 151 0465
g
i - Eﬁ: -




2el

RUN NUMBER= L&A
CONFIGURATION= OT
MACH NUMBER= #4a3
ALTITUDE=16%. K FT

ANGLE OF ATTACK= O DEGREES

ToR= 80.0 DEG F
TET= 80.0 DEG F

GAGE P
EXTERNAL TANK BASE (1COLD)
10 0.,0060
LEFT OMS POD
57 0.0175
SASE HEAT SHIELD (COLD)
82 0.0080

B6 000105
a8 00112

90 0.0127(7)

92 Q.0131
93 0,0087
95 0.0088
182 ©.00%0
164 0.0096

P/PINF

10148

3,377

lu544
24026
2.6l
22451
2.528
L6675
16986
1742
1847

pP-PINF

000077

0.01232

000282
0.00532
0.00602
0.00752
0.00792
000350
0.00361
000385
0400439

POINF= 150 PSIA

PINF= D.0052 PSIA

TOINF= 366a0 DEG F

RE/FT TIMES 10{~4}= 1.79
PC123= 1393.0 P5IA

PC% 0D PSIA

PLE= 0.0 PSIA

PC123/PINF TIMES 10(-4}= 26488

P/PCL GAGE Q
1,000
0.520 104 —~ Q32
0,827 105 059
D882 106 048
1.000 107 0.79
1.031 108 0.52
0,583 110 0.17
0,692 150 0.0
0-711 112 0.921
0.754 113 ~ 0a43
114 0a54
115 ~ 21
118 140
117 0«24
202 187
151 Uult

GAGE




RUN NUMBER= 1%

CONFIGURATIONS OTS POINE= 17410 PSIA
MACH MUMBER= 4.5 PINF= 0.0591 PSIA
) ALTITUDE=108. & FT TOINF= 44040 DEG F
) %% ANGLE OF ATTACK= O DEGREES RE/FT TIMES 10l~%4}= 19.18
= T0B= BO.0 DEG F PC123= 1703.0 PSIA
vy G2 TET=  80.0 DEG F PC4 288.0 PSIA
o2 PC5= 31540 PSIA
< PC123/PINF TIHMES 10(—4)= 2.88
@B
& v
S e
%: g% GAGE p p/PINF P-pPINF pIPCL GAGE Q GAGE Q-R
L a!&.‘ EXTERNAL TANE BASE (COLD)
10 040967 1.437 003762 1.000 1 0a51 8 0.85
16 0.0795 1346 002082 0.822 3 T 18 0.36
156 0.1040 1.760  0a04492 1,075 4 1.10 129 0e45
157 0,1050 1.777  0.0459%92 1.086 5 1.14 130 De45
3 158 0.0872 l.476  0.02812 0902 7 0.0
P} 159 0.0919 1.556 0.03282 0,950 9 1.17
170 0.1080 1.828 0004892 1.117 13 1.30
171 0.0916 1.550 0.03252 0.947 15 i.10
172 0.0847 1.434 0.02562 0.B76 17 0.62
19 ~1cl4
20 0.0
21 5o79
28 Oub
EXTERNAL TANK SIDEWALL
25 Cal4T1 0.797 -0.01198
#ODY FLAP
33 0.80
34 1.33
35 2.04
206 040

USRM NDIZLE

£4 181100 300531 18.05092
55 2626000
5¢& 2544000

L S < D - e




RUN 19 CCNTINUED

GAGE P P/PINF P—pF INF F/PCL GAGE u GAGE R
SSME HOZZLE #1
72 1.7800
SSME HOZZLE #2
&7

SSME NOZILE #2
133 25200

BASE HEAT SHIELD {COLD)

111 050
202 078
203 0e32
CA3ITER/TANK STRUT
-
N
K>S 126 0.0
127 C.86

o
55
g8
g3
O

S v

&
55
&

I R A




RUN MUMBER= 21B
CONFIGURATION= OTS
MACH HUMBER= O.0
ALTITUDE=L1T8. K FT
AMGLE DF ATTACK= 0 DEGREES
TO8= B80.0 DEG F
TET= 8040 DEG F

GAGE p P/PINF

EXTERNAL TAMK BASE (COLD)

10 q-0183 4e918
BODY FLAP
—
n BSRE SHROUD
[$7]
LEFT OM5 POD
57 0.0079 22120

P-PINF

0.01458

000417

POINF= PSIA

PINF= 0.0037 PSIA

TOINF= B0.0 DEG F

REJFT TIMES 10(—%)=

PCL23= 1587.0 PSI4

PC4 211.0 PS1A

PC5= 248.0 PSIA

PC123/PINF TIMES LO0l-4)= 42445

p/PCL GAGE Q GAGE
1.000 9 l.5%4
205 058 132
48 0.0 47
49 1.26
50 047
51 027
K 0.57

Q=R

027

0.0




o | (

RUM 218 CONRTINUED

GAGE P e PINF T ndf »fPCL GAGE Q GaGE B

BASE HEAT SHIELD (COLD)

!.
: 86 0.0060 18084 . NN De316 102 035 96 Ca23
P 88 0.0098 Z2.636 0.00609 0.51% 103 Dat% 99 Ook2
89 0.0112 3,010 0.007%8 06593 . 104 1.14% 101 Da53
20 00189 5.079 7.015.8 1,000 105 149
91 0.0251 beT45  Da0213H 1.328 106 112
92 0.034% 94245 0a.03068 1.820 107 1.35
93 0.0102 ZeT4l  0.008648 Da540 109 2.71
95 00063 1.688  0.00256 0e332 110 077
162 0.,0082 2,214 000452 0.436 150 03
164 040246 Gebll 002088 1.202 111 2.57
112 4,23
r 113 3.05
114 1.38
116 2«93
117 1.01

oZL




RUM MUHBER= Z1C
CONFIGURATION= OTS
MACH NUMBER= 4a5
ALTITUDE=10% X FT

ANGLE OF ATTACK= 0 DEGREES

TOB= 800 DEG F
TET= 80.0 DEG F

GAGE P

EXTERHAL TANK BASE (COLD}

EXTERNAL TANK SIDEWALL
2% ~D.001%9

BODY FLAP

L2l

BSRH SHROUD

L) D.1280
46 0.7170

LEFT OMS POD

57 0.0699
8% 00033

SSME ROZILE #1

T2 2«1900
SSME MOZZILE R2
0=0608

P/PINF

0034

24273
12.732

laZ4l
04059

P-PINF

—Da05438

0a0T7168
0.65068

0a013258
~-0.05301

POINF® 16430 PSIA

PINFx 0.0563 PSIA

TOINF= 35440 DEG F

RE/FT TIKES 10{—%)= 19.62
PCL23= 1699.0 PSIA

PC4 22040 PSIA

PC5= 2380 PSIA

PL123/PINF TIMES 10[{-4)= 3.02

P/PCL GAGE Q GAGE
@ 0«0
205 084 132
48 0el &T
49 1.88
50 1al3
51 027
53 De&%
58

Q-R

030

019

0«60




RUN 21C COHTINUED

GAGE P
SSHE KOZZLE #3
133 2.5700
BASE HEAT SHIELD (COLD)
85 0.0896
88 0.0845
92 0.0854

95 0.0819
16% 0.07T4

8él

P/PINF

12591
1500
1=516
Latif%
le374

p=p INF

0«03328
0.02B18
0.02908
002558
002108

FIPCL

0,001
0001
0.001
Ce.001
0001

GAGE

102
103
104
105
109
110
150
111
112
113
114
1is
117
i5]

1.06
iall
150
1a42
1.60
050
1.586
lo41
1.28
1.08
110
1.07
D.98
0.0

GAGE

96
97
99

Q-R

Ou#7
0.035
0.62

v e




RUN HUMBER= 23B

6el

CONFIGURATION= OTS
HKACH NUKBER= 4.5
ALTITUDE=123a K FT

AMSLE OF ATTACH= 0 DEGREES

108+ 80,0 DEG F
TET= BO.0 DEG F

GAGE P
EXTERMAL TANK BASE (COLD)
10 0.0789
EXTERNAL TANK SIDEHALL
24 22000

BODY FLAP

BSRM SHROUD

D.08564
04770

&3

LEFT ORS POD
57 00531

LEFT OMS NOZILE

SsME NOZZLE ¥1

T 4300

P/PINF

22376

660260

2a602
14366

1599

PP IHF

Da04570

216880

005320
04380

0.01990

POINF= 9.61 PSIA
PINF= 0.0332 PSIA
TOINF= 4670 DEG F

REET TIMES 10i—4)= 10.56

PC123= l645.0 PSIA

PC4 28440 PSIA
PCE= 312.0 PSIA

PCl23/PIHF TIMES 10[—%}=

P/PCL GAGE

1,000 e

205

45
49
50
£1
52
53

&3

&6

i s e e e

La81

0e8%

0.10(2)
2.17
0450
Qb9
Qat?

D.31

018

4025

GAGE

132

47

58

Q-R

Qa43

0.09 (7)

0481

c.\\: R L




%

RUN 238 CONTINUED

GAGE

SSHE NOZZILE #2
&7

SSHE HOZZILE #3
133

P

2-5200

26700

BASE HEAT SHIELD (COLD)

g6
88
89
G0
92
93
95
is2
164

0ElL

0a0721
0«0663
00685
0.0622
00611
0.06B83
00594
0.0587
0.0585

PIPINF

24372
1997
2063
1873
1840
2057
1.78%
1.768
la762

PP INF

003890
0,03310
003530
002500
002790
0202510
0.02620
0.02550
002530

P/PCL

1.159
1068
1101
1.000
0.282
1=098
06?55
0a9%%
0.941

GAGE

102
103
104
105
106
107
108
109
110
150
111
112
113
115
116
117
151

1.33
1.70
D51
le22
1e62
1e61
labts
la.22
048
0.92
1.31
0.7
— 0-577
1.27
l.21
1.07
Do4é

GAGE

g6
ot
99
101

Q-R

0.58
D36
0.56
029




RN NUMBER= 32

CORFIGURATION=
KACH NUHBER= 4.5

ot

P/PINF

0aB89T
0.800
09217
Du?27
0.78T7
0816
0943
0872
0.824

‘eb10

o0 ALTITUDE=139 K Fr./2
= & ANGLE OF ATTACK= O DEGREES
R TOB= 8040 DEG F
QB TET=  80.0 DEG F
)
=B
&
=R
5% GAGE P
H EXTERNAL TANK BASE (COLD}
10 0.006%
16 0.0062
156  D.0072
157  0.0072
158  0.0061
159  0.0063
e : 170 0.0073
= 171 00067
172 0s008%
EXTERNAL TANK SIDEWALL
§ 25 040356
% BODY FLAP
LEFT DMS POD
84 0-011%

1a541

PP INF

—0 00079
~0.00154
—0 460056
~D 00056
~D.00146%4
~0a00L42
—0.0004%
~0.,00099
000136

0.02788

0.00418

S0INF= 2.23 PSIA

PINF= 040077 PSIA

TOINF= 412.0 DEG F

RE/FT TIHES 10{—4%)= 256
PC123= BOB.0 PSIA

PC4 0.0 PSIA

PLE= 0.0 PSIA

PC123/PINF TIMES 10l-4)= LlOo%b

P/PCL GAGE Q
1.000 i 0.0
0.892 # 0a01
1.033 T 0.+03
1.032 2 0.0%
G«B77Y 13 0.0
0.%0%9 i5 0.0
1.051 17 005
0.971 19 0.0
0.918 20 040
21 0.03
29 0.36
az 0al
34 0a03
35 017
204 0«13
206 0.0
61 004
42 D=0

GAGE

18
129
130
13%

0.0
0a0
Cal
D0

‘0a0

0.0

i




(__,

RUN 32  CONTINUED

¢fl

GAGE P

SSME MOZZLE #1
72 162400

SSHE NDZZLE #2
67 1.2900

SSME NOZZLE #3
123 143100

BASE HEAT $HIELD (COLD}

82 0.0091
50 0.0257

CRBITER/TANK STRUT

FIPINF

la175
32328

r-r aiF

0.00135
0.01798

P/PCL

0353
1,000

GABLE

111
202
203

124
127

Q GAGE

3479
la®l
0.0

0.0
0229

Ay




R

i g
M

RUN NUKBER= 33 :
: CONFIGURATION= OF
HACH NUMBER= 409
ALTITUDE=L39 K Fr./2
ANBLE OF ATTACK= O DEGREES
TOB=  80.0 DEG F
TET= 80«0 DEG F

_ GAGE P PIPINF  P-PINF
| EXTERNAL TANK BASE {coLDy '
' 10 050082 1,047 0400036

. 80DY FLAP

=3 L3ET DMS' POD

Ly i o _' .
: 5T 0.0127 1.623 0.00%87T

LEFT OMS NOZZLE

JSHE NOZZLE #1 _
' 72 1.1700

"SHE NOZILE #7
6T 102400

SSME NOZZLE #3.
133 1.2700

POINF= Za27 PSIA

PINF= 040078 PSIA

TOINF= 397.0 DEG F _
RE/FT TIMES 10{-4}= 2«63
pC123= - 797.0 PSIA '

PC% 0.0 PSIA

Pts5= 0.0 PSIA _
PC123/PINF TIMES 10{-4)= 10.18

PIPCL GAGE | Q GAGE

1,000 s 0406
132
63. 0.0 . 8¢
&6 00
T3 D81
74 O 63
75 0475
76 0.0
6B 01D
&9 Dal0
70 0a91

&,

Lt

A T




PEL

‘RUN 33 CONTINUED

GABE

p

-BASE HERT SHIELD (GOLD}

B
as
82
Q0

<92
93
a5

162

184

040355
0.0117
0.0127
040204
040303
0.0158
GL0127
0.0118
G,.0170

P/PINF

4a536
1495
1&:623
2=607
3.872
2019
1623
1.508
2.172

P-PINF

UeD2161
000387
000437
04012357
0.p2247
0400797
000487
0.00397
000917

PAPCL

1740

Ga5T4
00623
1.000
1.%85
0.775
0623
D578
045833

GAGE

lo2
lo3
104

105

10&
107
108
113
117
151

0.10
025
0.71
0.0

026
0.58
105
0.92
0.26

Delé

GAGE

96
97
99
101

Q-R

0.03
0.0
0.0

0.03




gel

RUM NUKBER= 34

CONFIGURATION= 0T
HACH MUHBER= 4,5
ALTITUDE=13% K Fr./4

/
ANGLE OF ATTACK= O DEGREES

T0B= 80.0 DEG F
TET= 8040 DEG F
GAGE p

cXTERNAL TANK BASE {COLD}
10 0.0039

BUDY FLAP

L.EFT OHS POD
57 00070

LEFT OHS MOZZLE

SSME NOZZILE #1
TZ 0.5230

$SHE NOZILE #2
0.5750

P/PINF

1.017

1.825

P—PINF

000006

000316

POINF= 1l.li PSIA
PINF= 0.0038 PSIA
TOINF= 343.0 DEG F
REFFY TIMES 10{—%1=

PCi23= 371.0 PSIA
PLA 0.0 PSIA
PL5= G0 PSIA

1.35

PCLZB/PINF TIMES 10{—4)=

P/PCL GAGE

1.000 9

205

&3

66

T3
T4
75
Té
169

68
&9
70
168

Q

0.05

0e36
0442
028
0s17
0.0

055
007
0a40
0.0

GAGE

132

58

Q-F.

o



o€l

RUN 34 COMTINUED

GAGE
SSME NODZZILE #3
133

p

05820

BASE HEAT SHIELD (COLD!}

8b
B8
a9
20
92
23
95
1&2
lo4

00320
0.0052
020051
0.01246
00130
0.0078
040065
00060
0.0088

O/PINF

Bo34h
1369
12335
30285
34390
2,031
12695
1.565
23058

c_mTWT

CuO02816
0,001%1
0.00128
0.00876
000916
000395
C.0026&
0.00216
000500

P/PCL

2540
G417
025406
1,000
1,032
0618
0.516
0476
0.702

GAGE

104
106
108
111
112
113
115
116

I &l

029
0.08
055
1.32
1.00
0.37
0.75
0443

GAGE

96
97
99
10l

a-R

0.0
040
0.0
D'O




i»
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RUN NUHBER= 35B

CONFIGURATION= GV
MACH NUMBER= 4.5

ALTITUDE=1l42« K FT
ANGLE OF ATTACK= O DEGREES
Taa= 80.0 DEG F
TET= 300 DEG F

GAGE P
EXTERNAL TANK BASE {COLB?
10 c.0082
LEFT OKS POD
57 00147
SSME NDZZLE #1
T2 08680
SSME NDZZLE #2
67 0.8890
SSME NOZZLE ¥§3
133 0.8780
aASE HEAT SHIELD (COLD)
86 c.0371
:1:] 00130
90 0.CG1Li9
22 C.0166
93 0.0169
a5 Ca0137
142 0.0i24
164 CuO147

P/PINF

0530

Ou945

2.388
0.836
0a765
14068
1.087
0.881
0728
0905

P-pINF

—0.00731

—0.00085

0.02155
-0.00255
=0.00365

000105

0.00135
-0.001085
-0a.00315
—0 00085

“DINF=  4.50 PSI1A

PINF= (0.0155 PSIA

TOINF= 441.0 DEG F

RE/JFT TIKES 10{—4l= 5004
PC123= 55T7.0 PSIA

PC4 0.0 PSIA

PCE= 0.0 PSIA

FCI23/PINF TIMES 10(—%)= 3.58

P/PCL GAGE Q GAGE

1.000

3,118
1.092
1.000
1,395
12420
lel51
1.042
1.235

Q-R

N

S—




RUN MUMBER= 35C
CONEIGURATION= OT
MACH NUMBER= 4a5
ALTITUDE=142, K FT
ANGLE DF ATTACK= O DEGREES
TOB= B0.0 DEG F
TE'=  80.0 DBEG F

GAGE P P/PINF P=PINF
EXTERNAL TAMK BASE (COLD!
10 0.010%9 0702 —0:00463

BODY FLAP

LEFT OMS PDD

8el

5T 00217 1.397 000617

LEFT OMS NDZILE

SSME NOZZLE #}%

72 Z+3000

SSHE NOZZLE #2
67 23300

SSME NOZILE #3

133 23300

POINF= %.4%9 PS5IA

PINF= 040155 PSIA

TOINF= 430.0 DEG F

RE/FT TIMES 10(—%1= 5.08
PC123= 1599.0 PSIA

PC4 0.0 PSIA

PLS= 0.0 P51&

PC123/PINF TIMES 10(-4}= 1030

PIPCL BAGE Q GAGE
1.000 9 010
132
63 0.0 58
66 0.0
E 1448
T4 1.01
75 1ol
76 0425
169 0.0
68 1.32

Q-R




RUN 35C COHWTINUED

GAGE

P

BASE HEAT SHIELD (COLD)

8s
88
20
92
93
95
162
154

6EL

00390
0.0186
00417
Ca050%
0a0260
0.0219
0.0225
0.0280

P/PINF

24511
1a198
2.085
32277
labT4
1o410
1 +449
1.803

P—F InE

WaLhITE
0.,00307
NL,02617
0403537
001047
0.00637
0200697
001247

PIPLL

0.9235
Oulbd
1,000
le221
Dab24
0525
0540
0a6T1

GAGE

102
104
104
1g8
115
1i4
116
151

0«28
l.11
043
245
1.68
Oe2b
~2aT32
Q.26

GAGE

96
97
9
101

QR

0-0
0.0
0.0
0.1%




RUN NUMBER= 49

CONFIGURATICN- OV
HACH NESSBER= 6.5

AL TiTUDE=168, K FT
ANGLE OF ATTACK= O DEGREES
T0B= BQ.0 DEG F
TET= 80.0 DEG F

GAGE P
[ EXTERNAL TANK BASE {COLO}
10 G.0054
16 040015
157 0.0061
159 0.0056
170 0.0060
_ 11 00054
= 172 0.0052
o
§ODY FLAP
SSHME NOZILE #1
72 2,3000
SSHE NOZILE &2
67 2.3300
<SHE NOZILE #3
133 245000
aASE HEAT SHIELD 1COLD)
82 0.0031
90 0.0082

P/PINF P—PINF

1017 D .0000°
0290 -0.00379
0.761 -0.00128
12053 000028
lal32 0.00070
1,008 0.00004
0.978 =0.00012

0588 —-0.00220
1.540 0.00288

POINF= 1.55 PSIA

PINF= 00053 P5IA

TOINF= 390.0 DEG F

RE/FT TIRES 10i—4)= 1.80
pClz3= 1383.0 PSIA

PC4 0.0 P5IA

PCS= 0.0 PSIA

PCE23/PINF TIKES 10(—4)= 25.%1

PIPLL GAGE Q GAGE
1.000 1 005
0.285 3 D03
0.748 2 0.01
1.025
1a112
0.991
0.961
29 D53
35 0.05
¢.382 ikl 090
1,000

Lo




fUN 49 CONTINUED

GAGE
ORBITER/TANK STRUT

"
oo

I

a

Il
70 900
Fovd NG

si

P

P/PINF

B IR

I/ECL

GACE

127

14

Ca06

GAGE

QR




RUN HNUMBER= 50

CONFIGURATION= OT
MACH NUMBER= 4o5

ALYITUDESLG69w K FT
ANGLE OF ATTACLK= 0 DEGREES
T0B= 80.0 DEG F
TET= 8040 DEG F

GAGE
EXTERNAL TANK BASE
156
157
158
170
171
o 172
fa
™Y
£0DY FLAP
.EFT 0O#MS5 POD
84
.SME NOZILE #1
12
<SHE NOZZLE #&
&7

P

(coen)
C«0052
C.0049
0.005)
00054

0.0048
D 00 &4

U.0079

20840

241350

F/PINF P~PINF

1.012 0.00006
0.959 ~0a0002L
0.994 ~-D-00003
1.047 G+0002%
0.936 —0.00033
0856 —0-00074

1,548 0.00281

POINF= le.48 PSIA

PINF= 0.0051 PS5IA

TOINF= 370.0 DEG F

REJFT TIMES 10({-&)}= 1.76
PL123= 148640 PSIA

PLA 0.0 PSIA

PCE= 0.0 PSIA

pe123/PINF TIHES 10{-%)= 2B.%6

P/PLL GAGE G GAGE Q-R
0000 1 0el3 1z 0«05
0000 3 0«04 129 0.0
0.000 4 606 130 003
0000 5 0D<0 131 0.0
0.000 7 0.0
0.000 9 0.07
15 0.0
17 0.0
19 0«03
21 0.04
29 0,31
3% 0.11
35 013
204 0.0
206 00
62 0e29




RUN 50 CONTINUED

GAGE P F/PINF - s/PCL Gh3E o GAGE a-R
SSME NOZZLE #3
133 241900
BASE HEAT SHIELD {COLD}
82 040081 1573 00003 0e367
90  0.0220 4288  0a01687 1.000 _—
_ ORBITER/TANZ STRUT '
124 0.0 ’
126 0.0
121 0.05
rs
(4]

o0

S8

o G

S &

S

=]

O oo

E =

&5
cp o
]




1

122N

RUN NUHMBER= 52
CONFIGURATION= OT
HACH MUMBER= 4.5
ALTITUDE=16Ba K FT

ANGLE OF ATTACK= O DEGREES

TOB= 8000 DEG F
TET= B0.0 DEG F

GAGE p
EXTERNAL TAHK BASE {COLD?
10 00045

BGOY FLAP

LZFT OMS NOZZLE

SS4E NOZILE #1
T2 2.0060

SSME NOZZLE #2
&7 1.9590

P/PINF  P-FINF

0+854 —0.00084

POINF= 1.56 PSIA

PINF= 0,0054 PSIA

TOINF&= 365.0 DEG F

RESFT TIMES 10{<«4)= 1.86
PC123= 145640 PSIA

PL&4= 0.0 PS1A

PLE= 0.0 PSIA

pC123/PIHF TIMES 10{-%)= 27.20

P/PCL GAGE Q GAGE
1.000 9 0.05
132
&6 0.0
73 1.50
T4 1.07
75 1.20
76 0.38
69 0.09

D.0




RUN 52 CONTINUED

GAGE

BT L

P

BASE HEAT SHIELD (COLD)

886
g0
23
$5
162

Grl

0.0107(%)
0.0208
0.007%
0,0081
0.0080

P/PINF

1.985
3,859
1.375
l.4958
12584

P-PINF

0.00531
0.01541
0.00202
0.00267
0.00261

P/PCL

0a514%
1.600
0.356
0.388
G385

GAGE

102
102
104
105
147
a8
109
110
150
131
112
113
116
117
151

0.03
0.0&
0.5%
.78
0.0

1u%2
Zabh
0.0

D.05
#2586
1l.11
0.79
1.38
0.5T
Q.24

o

GAGE

g&
97
99

Q-R




9%l

RUN MUMBER= 53
CONFIGURATION= OT
HACH NUMBER= 4.5
ALTITUDE=167s K FT

AKGLE OF ATTALK= 0 DEGREES

TOB= 80.0 DEG F
TET= §0.0 DEG F

GAGE P
EXTERNAL TANK BASE (COLD}

10 0.0071

16 0.0030
156 0.0078
167 0.0076
158 0.0108
159 0.0055
170 D.D088
172 C.0069

~10Y FLAP

1{SFT OMS POO

: 3ME NOZZILE #1
72 1.2700

P/PINF

1.272
0.531
1.386
1.351
1.894
1.168
1.565
1.233

PePANF

0.00152
~0.00253
0.00216
0.001%6
0.00500
0.00054
0.00316
1.00130

PRINF= 1l.62 PSIA

PINF= 0.0D5&6 PSIA

TOINF= 400.0 DEG F

RE/FT TIMES 10{~&)J= 1.88
PC123= 155040 PSIR

PC4= 0.0 P5IA

pCE= 0.0 PSIA

P(L123/PINF TIHES 10{~4)= 27.&9

p/PCL GAGE 3]
1.000 3 0,86
0417 3 0.10
1.0%0 & 014
1.062 5 0.10
1.45% T 0,11
0.219 9 0.07
1.230 15 0.0
0.969 - 17 0.0
12 G.02
20 0.0
21 0.0
29 0.40
33 0.0
34 0.0
35 0.0
206 0.0
61 0.31

GAGE

18
129
130
131

Q-R

0.0
002
0.02
0.0
0.03

-y,




RUN 53 . CONTINUED

GAGE P
SSHE NDZZLE #2
&7 1. 9300
SSHME NDZZLE ©3
133 Z.2)300
EASE HEAT SHIELD {COLD}

82 0.0079
90  0.0294

.
SE
=2
o
o B
)

S
B
W B

P/PINF

1406
5.253

pPINF

0.00227
0.02380

P/RCL

D268
1,000

GAGE

111

Q

6.55

GAGE

aQ-R

e




RUN NUHMBER= 5%

CONFIGURATIOH= OT
MACH NUMBERZ 4.5

ALTITUDE=169e K FT
ANGLE OF ATTACK= O DEGREES
ToR= 80.0 DEG F
TET= 80.0 DEG F

GAGE
EXTERNAL TANK BASE

10
156
157
158
170
171
172

oL

B.IDY FLAP

L+FT OMS POD

84
S3HME KOZILE Al

2
SSHME NOZZLE #2

&7

I

P
{COLD}

0. 0044
N.32%52
(0 .0049
¢.0052
0.0045
C. 0040
C. 0045

040094

241400

2.2B00

P/PINF

0,849
1:.014
0.942
1,006
0.878
0.773
0.857

leB24%

P=PINF

~0.00078

0,00007
-0.00030

0.00003
~0+00063
-0000117
~0,00074%

G L0062

POINF= 1.49 PSIA

PINF= 0.0051 PSIA

TOINF= 378.0 DEG F

RESFT TIMES 30(—%)= 1.76
PEl23= 15564.0 PSIA

PCH 0.0 PSIA

pCh5= 0.0 PS1A

PC123/PINF TIHES 10{—~4}= 30.38

P/PCL GAGE Q
1..000 1 002
1195 3 008
i.110 & 0.10
1.185 5 0,10
1.034% 7 0.08
0.9%11 9 005
1.009 13 0.0
15 0.0
17 Deb
19 0.0%
20 0.0
21 0.02
34 C.032
35 0.28
204 1.78
61 0.10

GAGE

18
129
131

Q=R

0.0
D
a0
GO
.03




R 54 CONTINUED

GAGE p
SSHE NOZZLE #3
133 2.3700
BASE HEAT SHIELD (CELD)
82 0.0087
20 0.0382

ORBITER/TANK STRUT

6%l

P/RINF

1.700
6.838

P-PINF P/PCL GAGE Q GAGE Q-R
0.00360 0.249 111 < 6.18°
0,03005 1.000
126 0.20
127 005
F Qi ©C6,1B BroED on QUESTIONARBLE CHAOMNEL
CaLiBlarTion., Bassp o PRIOR, Cis/BpdbliESL
CALBRATION (Rod 1), Qi = 494

JET -




0§l

RUM NUMBER= 55

CONFIGUHATION= O

KACH HUMBER=T &o5
ALTITUDE=168. K FT -
ANSLE OF R7TACK= 0 DEGREES
T08= 80.0 DEG F

TET= 80.0 DEG F

GAGE
EXTERNAL TANK BASE
10

BOOY FLAP

LEFT OM5 POD
57

LEFT OH¥S NOZZILE

SSME NOZZILE #1
12

SSHME NDZZILE #2

67

SSME NOZZLE #3

133

LT e A B &

p P/PINF pP-~PINF

tcoLp}
0.0043 0.804 =0.00105
0.00%4 1.750 D.00403
2.1500
1.56800

z.2500

POINF=  l.56 PSEA

FINF= 0,0054 PSIA

TOINF= 370.0 DEG F

®RE/FT TIMES 10{=~4)= 1.85
PCL23= 1598.0 PSIA

pCha= 0.0 PSIA

PL5= 0.0 PSIA

PCLZ3/PINF TIHES 10{«%)= 29.T4

preCL GAGE Q GAGE Q-R
1,000 g 0,06
132 0.0
632 0.0%
(1] 0.0
T3 127
T4 1.07
¥5 0.39
76 0.19
68 1.87
69 1.55
70 5.42




RUN 56 CORTIRUED

£ GAGE

8&
ga
g9
90
g2
93
95
162
164

161

P

BASE HEAT SHIELD {COLD)

0.0090
0.0359
De 04463
0.0370
0.0140
Q. 0084
00096
0.0086
0.0122

p/PINF

1677
54682
B.518
6887
2.606
1.778
1.6G3
24271

P=PINF

0.0036%
0.02053
J.04023
0.03163
0.00863
0.,00305
G.00418
0.0032&
0.0, 33

PIPCL

02454
0,970
L:251
t . 000
3.378
0.228
0.258
0.233
0.330

GAGE

162
ios
104
105
D7
108
109
110
159
il
112
113
Ll&
115
116
117
151

0.05
0.22
> 1.52
> 3a63
205
797
10,50
0.0
Q.08
4068
7 1,80
0.9)
0.55
G.86
1.6
Ca35
Q.13

26
97
9

0.05 (%)
0.0
0.0




RUN NUMBER= 556

CONFIGURATICN= OT POIRF= 1.65 PSIA

HACH HUHBER= 4.5 PINFx 0.0057 PSIA
ALTITURE=16Ts K FT TCINF= 359.0 DEG F

AMGLE GF ATTALn= 0 DEGREES REAFT TIMES 10{~kl}= 1.97
T08= 80.0 DES F PCl23= 1461.0 PSIA

TET= 83,0 DEG F *C4= 0,0 PSIA

PCS5= Q.0 PSIA
PCL23/PIHF TIMES lO0I—4)=s 25.7

GAGE P P/PINF P=PIHF P/PCL GAGE Q GAGE =R
EXTERMNAL TANK BASE (COLD)
10 0.0052 0.910 —0.00051 1.000 9 0,05
LEFT OHS POD
57 0.0082 1.650 0.07756

2st

LEFT OHMS ROZZLE

&b 0.0
SSHE NOZILE #1
i2 1.8000 73 1.00
T4 > 2.81
75 1.39 —_—
SSME NDZZILE #2
of 1.3900C 68 0.87
69 1.72
T0 1.28 e

SSME NOZZLE 23
133 1.8%00

f
|
H
§




BASE HEAT SHIELD

€6l

H00d 10

IVNIDIIg

AIrIvap
81 #9vg

56 CONTIKUED

GAGE P
{COLL}
86 g.00%0
88 0.0085
89 0.0028
e G. 0297
22 0.0384
93 0.0058
95 0.0095
162 0. 0050
164 0.0197

a/PIMNF

1.687
1.515
1.724
5.226
5,756
1.028
1672
1576
34560

P~PINF

0.00391
0.002%3
0.00412
0.024802
0:03272
0.00016
0.00382
0.00328
0.01402

P/PCE

G.323
0,290
0.330
1.000
1.292
G197
0320
0.302
D663

GAGE

102
103
104
105
107
108
109
110
150
111
112
113
115
116
117
151

2

0.03
0.03
037
0.77
0.72
0.83
1,85
f1e45
B.0

Se5%

> Le2b

1.2

> 200
~ 4a6%

Cokd
0

«25(7)

Q-R

0.0%
00
0.0




RUM NUMBER= 5T
CONFIGURATION= 0OT
HACH NUMBER= 4.5
ALTITUDE=152. K FT

ANSLE OF ATTACK= O DEGREES

ToG= 80.0 DEG F
TET= 80.0 DEG F

GAGE P
EXTERNAL TANK BASE {COLD}
10 D.00%6
LEFT OMS POD
57  0.0295

¥4l

SSME MOZZLE #1
T2 2.1800

Scdg NOZZLE K2

&7 2. 2800

S5SYE NOZZLE #3

133 2.3300

P/PINF

0,625

1,919

p=PINF

~0.00576

0.01413

POINF= 4.45 PSIA

2IHF= 040154 PSIA

TOINF= 363.0 DEG F

REZFT TIHES l0O{~4)= 532
#C123= 1635.0 PSIA

PCe= 0.0 PSIA

PC5= 0.0 PSIA

PC123/FPINF TIMES 10(=4)= 18.63

P/PCL GAGE Q GAGE Q-R
1.008 g 0.09

73 La47

T4 0.88

75 0.95

5 0.16

68 1.13

69 0.90

70 1.51

——




JETT

- (

RUN 57 CONTINUED

GAGE

]

BASE HEAT SHIELD {(COLD}

8s
ag
89
90
92
93
95
162
164

GGl

0.021%9
C.017%
0.0203
0032546
0.0578
0.02567
0.,0192
0.0226
0.03%6

PAPINF

1.424
1.132
1.320
2.250
3.759
1.737
1.249
1470
24250

P~PINF

0008653
000203
000493
0.01923
0.04243
0.01133
0.00383
0.00723
0.01923

e/PCL

0.633
0.503
0.587
1.000
La6TY
G.T72
0.555
D653
1.000

GAGE

102
103
104
105
109
110
150
111
1i3
1146
117
151

Q

0.17
O.14
0.73
1.47
3.32
Daa%
0.12
5.52

2.03 -

4052
0.77
0.12

GAGE

L]

amR

.08




/o

RUN HUMBER= 58

COMFIGURATION= @GT #OINF= 3,20 PSIA

BACH HUMBER= 4.5 PINF= 0.0111 PSIA

ALTITUDE=150. K FT TOINF= 44040 DEG F s
ANGLE DF ATTACK= 0 DEGREES RE/FT TIMES 10{—4)= 3.5%

TOB= 80.0 DEG F FC123= 1553.0 PSIA

TET= 80.8 DEG F PCs= 0.0 PSIA

PC5= 0.0 BEIA
FCL123/PINF TIMES 10{—%}= 1%4.05

GAGE P P/PINF P-PINF PrPCL GAGE Q GAGE a-R
EXTERMAL TANK BASE [COLD)
10 0.0084 0762 —0.00253 i.000 9 0.07
LEFT OHS POD
87 0.0170 l.538 0.00594

LEFT OMS MOZZLE

—ard
o 66 0.58
SsME MO2ZLE #1
T2 2, 1000 73 1.00
T4 1.80
75 1.79 (7) '
T6 0.30 —
STME NOZZLE #2
a7 2.2800 &8 0.97
&9 2.15
70 1.84

$-ME NDZZLE #3

N 133 2.2000




ooy
i~y

RIN 58 CONTINUED

GAGE

B6
a8
89
90
92
93
95
162
164

L51

81 V4 TvNmnIg

o
|
vl
o
-
=
)
gé?

P

BASE HEAT S®IELD {COLD)

00142
0. 0154
0.0 7%
00428
0.D516
0.0202
n.0158
0.0184
0.0292

P/PINF

1.284
1.393
LeBTh
3.871
4 o9G
1.827
L+%29
Lehé
2641

P-PINF

0.00314
0.0043%
000634
0.03174
C.0405
0.00914%
0. 00&T %
0.007T34
0.01814

P/PCL

Q.332
¢.360
G407
1.000
1 206
D572
0,369
0.430
0.682

GAGE

162
103
104
105
108
109
110
150
111
113
114
115
117
151

Galé
0a562
1.32
1.92
La29
Be568
0413
Tubb
1.Té
.79
10,80
0.73
0.28

GAGE

26

a-R

D.08




RUM NUMBER= 59

CONFIGURATION= 0T
HACH NUMBER= %5
ALTITUDE=LH04 K FT

AMGLE OF ATTALK= O DEGREES

ToB= 800 DEG F
TET= 80.0 DEG F

GAGE

p

EXTERMAL TANK BASE {COLD?

1G

BODY FLAP

88l

LEFT ON3 POD
57

LEFT OHS HOZZILE

SSME NOZZLE #)
T2

4TME MDZZLE #2
&7

5 .ME NOLZZLE #3

133

¢.0068

0uB3%7

1.9100

2.2900

2.4500

p/PINE  P~PINF

0.915 ~000L53

ko&TL 0.02721

POINF= 2.15 PSIA
PINF= 0.007% PSIA
TOIRF~= 4009 DEEG F

ASSET TIRES iDi~klor 249

#C123= 1573.0 PSIA
pCe= 0.0 PSIA
PLG= 8.0 P5IA

pCiz2/PINF TIMES 10{—4J= 21.18

P/PCL GAGE

1.000 9

&6

T3
75
76

&8
&
70

Q

Q.06

0.0

1.18
2.07
.37

1.22
2:01
1.09

GAGE

132

e




[

65l

~(

RUM 59 CONTINUED

GAGE

P

BASE HEAT SHIELD (COLD)

86
[:1:]
85
90
92
93
95
162
164

0.0113
0.0114
0.0113
0.0309
Q.0409
0.0118
0.0109
0.0129
0.0264

P/PINF

1.521
1.535
1.521
42160
5.506
1.589
1467
1.737
3.554%

p=PINF

0.00387
0.00397
000387
0.02347
0.03347
0.00437
D« 00247
0.00547
C.01897

P/PLL

Q36
Q03569
0366
1.000
1.324
0.382
0.353
Ca’lT
0.85%

GAGE

gz
102

105
108
1i0
150
111
113
115
117
151

[ )
0,15
8040
0.87
1.28
0.0

[P
6.63
1,36
5.76
0.65
(eds

GAGE

28&
e7
99

Db

Tel

D0




RUN MUMBER= &0
CONFIGURATION= OT
MACH HUMBER= 4e5
ALTITUDE=132a. K FT

ANGLE OF ATTACK= D DEGREES

TO8B= D0 DEG F
1ET= B80.0 DEG F

GAGE i
EXTERNAL TANK BASE (COLD}

10 0.0112
157 0.0123
170 0.0127
171 0.0107
172 . 0099

BODY FLAP

091

LEFT DHS POD
84  0.0110

LEFT OWS NOZZLE

SSHE NOZZLE #1
T2 24400

SSHE MOLZZLE #2
-y 2.4500

P/PINRF

0.%85
0.533
0550
Qa4H3
Da%30

0.476

p—PINF

-0.011%0
~Ja.01080
~0.01040
-(.01240
=(.01316

-0.01210

POINF=  &.69 PSIA

PINF= 0,0231 PSIA

TOINF= 376.0 DEG F

RE/FT TIMES 10{-%)= T.90
PC1z3= 112Z.0 PSIA

PC4= D.0 PSIA

PCE= 0.0 PSIA

PC123/PINF TIMES 10{—%)= &.85

P/PCL GAGE & GAGE
1.0400
1.098
1.134
0.955
D.387
132
&b 0.0
T3 Onétde
T4 D.33
T5 0,27
Th 0.11
68 0291
59 Oe1%

Q-R

D0




RUN 60 CONTIRUED

GAGE id P/PINF P=FINF

BASE HEAT SHIELD (COLD3

90  0.0214(?) 0,927 =-0.00170
95  0.0239 1,035 0.00080

191

p/PLL

1.000
1.117

~

GAGE

102
103
104
105
106
109
110
150
111
112
113
114
115
116
117
151

Q

0.09
0.27
0.76
La0%.
C.30
~ 1 a3
G40
D.12

1.28"

Oeb2
Qe42
o-a

0.87
0.6%

.22

Gel2

GAGE

26
97
99

0.0
Gl
Qa0

-’_ P

Vs

Y




RUN NUMBER= 61
CONFIGURATION= OT
HACH NUMBER= 4.5
ALTITUDE=122. K FT
ANGLE OF ATTACK= 0 DEGREES
TOB= BO.O DEG F
TET=  80.0 DEG F

GAGE P p/PINF P—PINF
EXTERMAL TAMK BASE (COLD}
10 0.0149 0,438 =D.01%13

BODY FLAP

LEFT DRS POD

291

.LEFT OHS NOZZLE

. SSHME NOZZILE #1
T2 1.7000

SSME NOZILE #2°
67  2.3900

POINFx .85 PSIA

PINF= D.0340 PSIA

TOINF= 423.0 DEG F

RESFT TIMES 10{—4}= 11.20
PCI23= 1580.0 PSIA

PC4= 0.0 PSIA

PCH= 0.0 PSIA

PCL23/PINE TIKES LO{-4)= Hob&

PsPLL GAGE Q GAGE
1.G00 9 006
13z
5B
66 0.C
73 0.25
T4 0.23
75 0.28
T6 8e13
68 0aB5
69 Dak2
70 0.18

Q-R

8.0

0.0

S}




‘ 4
o

RUH 61 COmVIRUED

GAGE

p

BASE HEAT SHIELD {COLD)

86
e
92
93
95
i62
164

g9t

0.0349
0.0252 (7)
0.0378
0.0397
G030
00344
00247

P/PIKF

1.026
0750
l.111
1,167
0.999
1.011
1020

P~PIRF

0.00087
~0.00883
0. 10377
0.005687
0.0

0.00037
0.00067

P/PCL

1.385
1.000
1.500
1.575
1.342
1.365
1,377

GAGE

102
103
104
108
107
109
110
150
111
122
1132
114
115
116
117
151

5,08
Q.26
0.39
0.80
Qeb2
f.81
0.0

0.22
D.86
D81
Ge26
0.0

Qal®
G 5T
0.08
0,12

B I

GAGE

26
97
99

G.0

- B0

0.0




RUN NUMBER= &2

CONF IGURATION= 0T

HACH NUMBER= éa5
ALTITUDE=1&1l. K FT

ANGLE OF ‘ATTACK= 0 DEGREES
T0B= BUa0 DEG F

TET= 80.0 DEG F

GAGE
EXTERNAL TANK BASE
10
EQDY FLAP
—
oy LEFT OMS PCD
=
57
L=FT DHMS NOZZLE
<3ME NOZZILE ®1
72
LwiME NDZZLE #2
67
“IME NOZZLE #3
133

P P/PINF  P—PINF
{CoLD}
0.0074 1.034  0.00024

0.0456 6.261 0.03643

2.,15600

2.1800C

2+3400

POINF= 2007 PSIA

PINF=x 0.0072 PSIA

TOIHF= 4250 DEG F

RE/FT TIMES 10(~%)= 236
PC123= 146060 PSIR

PL4= 0,0 PSIA

PLE= 0.0 PSEA

PCi23/PINF TIMES 10{~4)= Z2.40

P/RPCL GAGE Q GAGE
1.000 9 0.0%
132
&b 0.0
T3 L.92
T4 1.68
T5 1.82
76 0.31
58 1.55
&9 1.35
TO 1.25

yan




- (

RUMN 62 COMTINUED

GAGE P prPINF P=pPINEF P/PCL GAGE Q GAGE R

BASE HEAT SHIELD (COLD}

B6 0.01565 2.302 0.00933 O.730 102 0.04 ) 96 0.0
aa 0.0139 1.939% 0.00673 D.615 103 0.22 97T 0.0
89 0.0135 1.883 0.005633 G.597 104 045 99 - Do
90 C.0226{7) 3.152 0.B1543 1.000 105 G.93 101 0.05
92 0.0479 6.681  0.04073 Z.119 106 0.25
93 0.0156 2.1806 0.0084 0. 70 107 Oub5
95 0.0137 l.911 0.,00653 0..606 108 1.0%
162 00143 l 786 0.a07! 0. 633 109 203
164 0.0365 5.069 2.0293 1.oIS 110 0.36
150 0.8
111 B.16
112 5413
: 113 1.61
114 0.72
3 115 52060
i1is 372
! —_ 117 Q.79
& 151 4eb9
;
o0
=
o G
S =
]
= B
g -
B &
B B
< &

b . -—




i

F;
g
;
L
i
:
:

991

RUH NUMBER= 63

CONMFIGURATION= OT

MACH NUMBER= 4,35
ALTITUDE=151. ¥ F¥

ANGLE OF ATTACX= 0 DEGREES
T08= 80.0 DEG F

VET= 80.0 DEG F

GAGE
EXTERMAL TANK BASE
10

80DY FLAP

LEFT DMS POD

57
SSHE NOZZILE #1

T2

JHE NOZZLE #2

6T

« JME HOZZLE #3
133

P P/PINE P~PINF
[celn)
0.00691 0.860 -0.00149
0.0537 5.046  $.04306
2.0200
1.9500
1.2000

POIRF= 3.08 PSIA

PINF= 0.0L06 PSIA

TOINF= 424.0 DEG F

RESFT TIMES 10{-4)= 3.50
PC123= 1540.0 PSIA

PC4= 0.0 PSIA

PCS= 0.0 PSIA

PCL23/PINF TIMAES 100—%)= 1447

PrFCL GAGE Q GAGE
1.000
132
) &9 ot
i3 1.80
T4 1.21
75 1.35
76 0.18
68 1.56
&9 1,55
70 ta%l

0.0

ya




T

L91

RN &3 COMTINUED

GAGE

P

BASE HEAY SHIELD {COLD}

B&
83
a2
90
@2
o3
95
1é62
164

0.0178
0.0155
0.0153
0.0135
0.0531
0.0195
0.0157
0.0290
0.0219

P/PINF

1.673
La#66
1.%438
L2669
4,990
i.832
l.475
2.725
2.058

P=PENF

0.007148
0.00496
000450
0.00286
004246
G.00886
0.00508
D.018356
0.01126

P/PLL

1.329
1.1546
1,133
1.000
3.933
Loaih
1.163
2.148
1,622

-~

GAGE

102
103
104
105
106
107
108
109
110
150
111
ii2
113
114
115
116
117
151

0.14
0.29
1.17
0-3&
1,11
0.93
298
0.0

0012
&ald
Se52
1.56
0.50
hab3
4.1t
0.80
045

GAGE

26
97
99
101

Q-R

0.0
G0
0.0
D.09

——




RUN NUMBER= b44A

CONFIGURATION= 0T

ﬁg gg MACH NUMBERE 445
s ALTITUDE=141. K FT
Eg GJ ANGLE OF ATTACK= O DEGREES
S B TOB= 30,0 DEG F
ggéz. TET=  #0.0 DEG #
&2
éé?;g
jop]
5]
5 GAGE P P/PINE P=PINF
EXTERNAL TANK BASE (COLD)
10 0.0093 0,592 =0.00640
_eFT OMS PID
o 57 0.0165 1.051 0.00080
[ae]
CSME NOZZLE #1
72 ©0.8790
LIME NOZILE %2
&7 0,54860
“ME NDZZLE #3
1323 C.0890
56 HEAT SHIELD {LLiD)
34 G.0168 1.070  0.681:%
58 £.014b €.917 ~C.C2130
a9 G.0l35 C.8480 ~C,060770
90 0.0073(7) C.35% —C.GCR41
92 0.0143 £.911 =0.00140
93 2.0167 1.063  ©.00100
a5 5.0133 £ 887 =0,00248
lLes 0.0228 1.452  C.GCTLO

POINF= 4455 PSIA

PINF= Q.0l57 PSIA

TOINF= 473.0 DEG F

REZFT TIMES 10(-4)= 4.97
PC123= 520.0 PSIA

PC4= (.0 PSIA

PCS= 0.0 PSIA

PC123/PINF TIMES 10{-41= 3.31

PsPCL GAGE G GAGE

1.000

- «3CS
1.975
Y .B52
1.000
1.962
2.291
1.824
3.12¢@

ey, e




TR

5

EIFTVND Y00d d0
81 @3DVd TVNIDIHO

RUN NUMBER= 34B
CONFIGURATION= O7
HACH NUMBER= 4.5
ALTITUDE=142. K FT
AMGLE OF ATTACK= O DEGREES
ToB= ¢0.,0 DEG ¥
TEY= 3.0 DEG F

GAGE P PIPINF p—PINF
£YTERMAL TANK BASE 1COLD)
10 0.013% 0.B73 -0.00195

200BY FLAP

LeFT OHS 200

691

57 0.0240 1.563 0.00856%

n<FT OHS WQ11lE

:.ME NOZZILEZ #1

T2 2.1580

ME NAZILE #27

&7 2.19072

SHE NOZILE 43

133 TL.AT00

POINF=  4.44 PSIA

PINF= 0.0154 PSIA

TOINF= 471.0 DEG F

RE/FT TIMES 10{~%l= 4.87
PCLl23= 1483,0 PSIA

PCa= 0.0 PSIA

PC5= 0.0 PSTIA

PCLl23/PINF TIMES 10{-4}= F.bb

p/PCL GAGE Q GAGE

1.000 9 0.07
132

[1.) a.0

73 0.85

T4 0.27

75 L34

16 C.l2

&8 1.13

459 0.51

i0 C.76




0L1

RUN 648 CONTINUED

GAGE

p

BASE HEAT SHIELD {CTLD)

26
aea
89
S0
@2
93
95
162
164

0.0214
0.0212
0.0220
0.0162 (7}
0.0413
0.0251
0.0209
6.0388
0.0271

P/PINF

1393
1.38C
1.433
1.0585
2.689
1.634
l.361
2.52¢6
1.765

P-PINF

0.00604
0,00584
0.00664
0.00084
0.02594
0.00974
0.00554
0.02244%
0.01174

P/ECL

1.321
1.309
1.358
1.000
2.549
le5%9
1.250
2395
1.673

GAGE

102
103
104
105
106
108
169
110
150
111
112
113
114
115
ila
117
151

0.09
0.27
0.92
1.28
Da43
1.21
2-27
0-0
0.12
4a23
.47
0.78
0,40
1.84
1.61
0.36
0,21

GAGE

96
87
9%
101

C.0
G.D
C.0
0.0‘0

e

e o o




RUN NUMBER= &5

CONF IGURATION= OT POINF= 1.55 PSIA

HACY NUMBER= 4.5 PINF= $5.0053 PSIA
ALTITUDE=168. K FT TOINF= 403.0 DEG F

ANGLE OF ATTACK= O DEGREES RESFT TIHES 10(-4)= 1.79
TOB= 20,0 DEG F PCLl23= 1557.,0 PSIA

TET= 36.0 DEG F PC4= 0.0 PSIA

PCS= 0.0 PSIA
PC123/PINF TIMES 10{~4)= 29.17

TR

GAGE P P/PINF P=PINF P/PCL GAGE o GAGE

EXTERNAL TANT BASE {COLD)

i0 0.0063 1.173 0,00092 1.000 9 0.03
=50Y FLAP
132
— LEZFT OMS PGOD
o
57 0.0096 1.793 0.00423
SME NOZZLE #1
72 2,.,2300 73 3.32
75 2.06
T6 0.72
L LME NOZZILE 42
A7 2,2300 58 1.42
L) 1.79
16 1.25

iME NDLILE ®3

123 2+ 300D




o

RUN 65 CONTINUED

GAGE

BASE HEAT SHIELD (COLD)

8&6
ag

ell

00148
0.0114
£.0108
& .0109(%)
8.0445
6.0127
g.01l6
0.0188
0.C367

pIPINF

2.773
2.136
2.023
$.95%
B8.336
2.379
2a173
3.522
6.501

P=PINF

G.00946
0.00606
0.00546
0.005006
0.03%16
0,0073¢6
000626
0.0134¢&
0.02%56

psPCL

1 80T
F.392
i .59
1.000
5 .43¢
1 .551
ol T
2,296
4-.238

GAGE

102
103
104
105
107
108
109
il0
150
111
i1z
113
114
115
116
117

Lo04
0.13
0.46
G.92
060
0.%6
l.61
037
.07
264
6.79
2.08
0.B2
6a.02
4.B8
0.82

GAGE

Q-R

c'.o
Ga0
0.0
0.07

ke i

—— ——




-

RUN NUMBER= &6

CONFIGURATION= OT POINF= 1.59 PSIA
HACH NUMSER= 4,3 PINF= £.0055 PSIA
ALTITUDE=147 K FL/Z TOINF= 368.0 DEG F
ANGLE OF ATTACK= 0 DEGREES RE/FT TIMES 10(~4)= 1.89
T0B= 8C.C DEG F PC123= T12.0 PSIA
TET= 80.0 DEG F PC4= D.0 PSTA

PCS= 0.0 PSIA

PCL23/PINF TIHWES 1O0{-4)= 12.906

GAGE P P/PINF P~PINF P/PCL GAGE Q GAGE

EXTEANAL TANK BASE {CCLD}

10 0.0068 1.234  0,00129 1.000 9 0.04
BODY FLAP
132
—
< LEFT OMS POD
m -
57  0.0217(7) 3.950 0.01621 58
ISHE NDZZLE #1
T2 1.1400 73 .80
15 0.45
76 0.19
SME NOZZILE 42
< 67 1.1400 69 Cul4
; 72 .25
“3ME NOZZLE 3
133 1.2400

W T AR e

#




VA

RN 66 CONTINUED

GAGE P P/PINF P-PINF P/PCL GAGE Q GAGE G-R

BASE HEAT SHIELD (COLD)

86 0.0119 2.166  0.00641 0.534 102 0.04 96 54D
88 0.0107 1.948  0.00521 0.480 103 0.1F 97 0.0
89 0.0106 1.930 0.00511 0.475 104 0.53 99 G0
90 0.0223 4,059 0.01681 1.000 105 0.93 101 0.03
a2 0.0255 4.642 0.02001 1.143 106 0.30
93 0.0134 2.439  0.00791 0,601 107 0.68
95 0.0101 1.839  0.00461 0.453 108 1.04
166  0.0132 2.403  0.00771 0.592 109 1.64
110 Ge24
150 0.02
112 2.56
113 0.82
114 0.45
= 115 2.33
= 116 1445
117 0.33
151 0.18
k

e 2




RUH MUMBER= 678
CONFIGURATION= OT
MACH MUMBER= O.O
ALTITUDE=182. K FT
ANGLE OF ATTACK= 0 DEGREES
T08= 80.0 OEG F
TET= 80.0 DEG F

GAGE P P/PINF

EXTERNAL TAMNK BASE {COLD}

3SHME NDZIL! #1
72 0.5290

GLL

LHE MOZILE 42
67 0.5240

2ME NIZZILE #3
133 0.5460

AITTVAD M00d J0
ST TOVd TYNIDIEO

p-PINF

POIRF= PSIA

PINF= 0.0031 PSIA

TOINF= &50.0 DEG F

REFFT TIMES 10[{-4&)=

PCLl23= 307.0 PSIA

PCA= 0.0 PSIA

PCS= 0.0 PSIA

PC123/PINF TIMES 10{—4)= 2.9%

P/PCL GAGE Q GAGE
g 0.20
73 Q.32
T6 0.18
69 0.15
T0 0.25

Q-R




TAN

RUN 678 CONTINUED

GAGE

P

BASE HEAY SHIELD (COLD)

86
1]
92
493
162
164

0,0032
Q0. 0067
0-0058
0.0042
0.0045
C.0643

P/PINF

1,038
2.176
1,862
14353
leoébé
1.402

P—-PINF

0.00011)
0.00363
0.00266&
0.00169
0.00140
0.00124

PAPCL

CohThH
2.00D
0.856
0.5622
0668
0 ebhs

GAGE

142
103
104
105
106
107
1+1:)
109
1i¢
150
111
112
113
134
ii5
1156
L7
151

0.0
0.D
0.05
O1%
0.0
0.0%9
0.18
Q40
0.0
0.02
0.6T
054
0e23
0.0
0.63
Ondtlr
Dall
0.0

GAGE

101

0.0

ya




RUN NUHMBER= &BA

Dem CONFIGURATION= OF
X g MACH NUMBER= 4.5
by 53 ALTITUDE=142. K FT
E? ANGLE OF ATTACK= O DEGREES
TOB=  50.0 DEG F
éuég TET=  6G.0 DEG F
: 2,
. C?SE
. E&
. e )
353 GAGE p PARINF P-PINF
EXTERNAL TANX BASE (CBLDI
10 0.0104 0681 -~0.004B7T
5SME NOZZLE #l
— 72 1.B&00
4 + 3
LSME NOZZILE #2
? 67  1.8500
4 S3WE NOZILE #3
= 133 229800
i

e~ N

POINF= 4442 PSIA

PINF= (.0153 PSIA

TCINF= 42).0 DEG F

RE/FT TIMES 1D{~a4l= 5.03
PC123= 1433.0 PSIA

PCa 0.0 PSIA

PLS= 0.0 PSIA

PCL23/PINF TIMES 10{~-&4)= F.38

P/PCL GAGE Q GAGE

1.000 9 0.05

Q-R

lo.




a:f

BL1

RUN 68A CONTINUED

GAGE

P

BASE HEAT SHIELD (COLD)

1]
88
89
92
93
95
162
164

0.0172
0.0194
0.0229
0.0332
0.0224
0.0190
0.0196
0.0260

P/PINF

l.12&
1.270
1.500
2u174
1.467
l.244
1.283
Le703

P-PINF

0.00193
000413
G.00763
0.01793
0.00713
0.00373
0.00433
0.01073

P/PCL

0000
0.000
¢.Q00
0.000
0.000
0.000
0.000
0.000

GAGE

102
103
104
105
104
107
108
109
119
150
111
112
113
114
115
116
117
151

Q

0.06
Q.29
w115
> 1.56
>1.31
>1.93
2.82
D.22
0.17
3.52
4.20
1.25
0,55
2.13
L.65
0.33
0.29

()

GAGE

101

G-R

0.02

i

JR———

—— -




T
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RUN NUMBER= 68B
CONF IGURATIONR= oT1
HACH NUMBER=S 4.3
ALTITUDE=142. X FT

ANGLE DF ATTACK= O DEGREES

ToB= 80.0 GEG F
TET= 58,0 OEG F

ZAGE B
FYTERNAL TANK BASE (COLD)
10 0.01685

~npyY FLAP

6LL

LEFT QWS POD
57 (.0216

'eFT OMS NOZILE

ceMe NOZILE #]

12 . 3900

e

e
X
m

NGOZILE #2

67 2+#300

cgue NOZZLE #3

P/PINF

PP INE

0.680 ~0,004%4

1.399

0.00618

PCINFz  e4T PS1A

PINF= 0.015% PSIA

TOIMF= 406.0 DEGC F

RE/FT TIHES 10(-&)= 5.15
pL123= 1514.0 PSIA

PC4 C.0 PSIA

PLS= 0.0 PSIA

PC123/PINF TIMES 10(-41= 2.80

P/pCL GAGE Q GAGE
1.000
132
58
66 0.0
T3 128
Kl 0,20
69 1,98
10 2.03
168 G.0

Q-R




—
jue)
=)

RUM &8B CONTINUED

GAGE

p

BASE HEAT SHIELD {COLD)

B6
b3
20
93
95
162
164

0.0187
0.0199
0:0402
0.0230
0.0194
0.0237
0.0300

P/PINF  P~PINF

l.211 0.00326
l1.26% 0.00448
22603 0.02676
La489 0.00756
1.256 0.00396
1.535 G.00826
1.943 0.01456

P/PLL

0,465
0.495
1.000
G.572
D483
0.590
CaT46

GAGE

102
104
105
106
1067
108
109
11¢
150
1z
113
114
115
1ié6
117
151

C.l2
1.20
1.93
0.99
204
2.16
342
0.33
0.18
449
l.60
Gu5%
3.26
2443
0.63
0.27

GAGE

96
97
99
101

o~-R

0.0
Gl
]
.09

[UEp—

[N




i
i e L
% ) '( ( ; &
|
rE
QUN NUMBER= &9
CONFIGURATION= OF POINF= 1,43 PSIA
MACH NUMBER= 4.5 PINF= 0.0049 PSIA
ALTITUSE=170. K FT TGINF= 363.0 DEG F
ANGLE OF ATTACK= 0 DEGREES RE/ZFT TIMES 10(=4)= 1.71
TOB= BO.O DEG F PC1235 1473.0 PSIA ——
TET= B0.0 DEG F PC4  0l0 PSIA
PC5= 0.0 PSIA
. PC123/PINF TIMES 10(—4)= 29.81
: GAGE p P/PINF P=PINF P/PCL GAGE Q GAGE g-R
k EXTERNAL TANK BASE (COLD)
10 0.0056 1.127  0.00063 1.000 E 0.07
BODY FLAP
: [we]
= |gFT Q4§ POD
57  0.0103 2.085 0.00536 58 .0
LEFT OMS NOZILE
I 66 D.0 T
E% gg SSME NOZZILE #1
o & 72 2.2500 73 2.70
- Eg 52 5 0.56
76 0.26
| w2 I
© vy  SSHE NOZZLE #2
=R :
E: 2 67  2.2500 59 2.05
£ 70 2.23
5 = 168 0.0
SME NOZZLE a3 .
133 2.64500




RLR 69 CONTIMUED

GAGE P P/PINF P-PINE P/PCL GAGE Q GAGE Qo-R

BASE HEAT SHIELD {COLD}

86  0.0095 1,921 ©0.00455 0.260 103 C.71 96 CaG —

88 0.013% 2.732  0.00856 0.370 104 G.53 97 a0

89 ~0.0272 5.505  0.02226 0.745 105 >2.16 99 0.0

9C  ~C.0365 7.388  0.03156 1.000 106 .63 101 0.02
92 0.0280 5.667  0.02306 0.767 107 1.26
93 0.0123 2.490  0.00736 0.337 108 >2.72
95  0.0093 1.878  0.00434 0.254 109 >3.27
162 0.0136 2.753  0.00866 0.373 110 0.37
164  0.0266 5.384 0.02166 0.729 150 0.12
111 6443
112 5.74
113 2,48
114 0.78
= 115 1.96
o 116 1.67
~ 117 0453
151 0.20

U —

P . —




RUN NUMBER= 70

CONFIGURATION= OF POINF= 4.31 PSIA

HACH NUMBER= 4.5 PINF= 0.0149 P5IA

ALTITUDE=143. & FT TOINF= 423.0 DEG F

ANGLE OF ATTACK= O DEGREES RE/FT TIMES 10{—4)= 4.91

TO8B= 5C.0 DEG F PC123= 1526.0 PSIA

TET= At.0 DEG F PC4 0.0 PSTIA _—
PCS5= 0.0 PSIA

PCI23/PINF TIHES 10({-4)= 10.24

GAGE 4 P/PINF P~PINF prIPCL GAGE Q GAGE a-R

EXTERNAL TANK BaSE (COLD} —_—

10 0.0119 0.798 -0.00301 1.000 9 0.08
s00Y FLAP
132 .0
o LEFT 045 POD
“ 57  0.0210 1,409  0.00609 58 .0
SSHE NOZZILE #1
T2 2.3400 76 0413
SSME NOZILE w2
67 23500 69 1.10
70 3.99

S2ME NOZZLE #3

133 2.500C

s e




RUN  TD  CONTINUED
GAGE P pIPINF p~PINF P/PCL GAGE Q GAGE a-R
BASE HEAT SHIELD {cOLD)
86 0.0185 1.241  0.00359 0.403 103 uel7 66 0.0
88 0.0333 2.234 0.01839 0.725 104 > 2.39 97 0.0 —
89 »0.0520 3,688 0.03709 1,133 105 > 4,65 99 0.0
80 0.0459 3,079 0.03099 1.000 106 1.31 101 0.04
92 0.0243 1.630 0.00939 0.529 107 3.75
83 0.0217 1,456 0.00679 0.473 108 5.91
95 0.0205 1.375  0.00559 N 109 5.4l
162 G.0224 1.503  0.00749 0.488 110 0.13
164 0.0222 1.489 0.00729 0.484 150 0.06
111 4,98 ——
112 2.11
113 0.87
114 o
115 1.48
— 116 1.19
R 2 117 0e4l
) 151 0a.42 —_—

———




TR

RUN NUMBER= 71

CONFIGURATION= OT POINF= 1l.44% PSIA

MACH NUMBER= 4.5 PINF= 0.0D50 PSIA

ALTITUDE=L1T70. K FT TOINF= 272.0 DEG F

ANGLE OF ATTACK= O DEGREES RESFT TIMES 10({-4)= 1l.86

TOB= 80.0 DEG F PC1lZ3= 14T9,.0 PSIA ————
TET= 80.0 DEG F PC& 0.0 PSIA

PCS= 0.0 PSIA
PC123/PTINF TIMES 10(-4)= 29.83

GAGE P P/PINF P—PINF P/PCL GAGE G GAGE Q-R

EXTERNAL TANK BASE (COLD}

10 0.0059 l.182 0.60090 1.000 9 0.09
80DY FLAP
132 0.0
anad
co
G LEFT OMS POD
57 0.0086 1.743 0.,00368
SSHE NOZZLE sl
72 2.3000 13 Q.89 ER—
75 Ca?d
76 G.35
LSME NOZILE #2
AT 2.,370C 68 1.39
&9 1.47 S
70 4,496

SME WOZILE #?

133 23500




ysl

RUN 71 COMTINUED

GAGE

P

BASE HEAT SHIELD {COLD)

B&
248
90
92
93
85
lés
164

0,0086
0.0305
0.0281
D.0122
0.0C89
0. 00948
0.0101
0.0113

P/PIRF

1.739
64152
Se6568
2ettbl
1.793
1.894
2.037
2.279

P-PINF

0.00366
0.02554
0.02314%
0.0072%
0,00393
0.0C443
L.C0514
C.00634

P/PCL

0.307
1.085
1.000
0,434
0.3156
0.334
0.359
0.402

e

JAGE

102
103
104
105
1Cs
107
108
169
11C
150
111
113
114
115
116
117
151

G.02
G.11
2.99
5.06
l.00
3.13
5,85
4.07
c.0

0.02
3.14
0.88
1,40
0.12
0.39
0.19
0.22

GAGE QR
95 G.0
97 L.D
99 a0

101 0.03




RUN NUMBER= 724
CONFIGURATION= OT

o0 HACH NUMBER= 0.0
= 9 ALTITUDE=1B0. K ET
g &2 ANGLE OF ATTACK= O DEGREES
oB TOoB=  80.0 DEG F
Q TET= B0.0 DEG F
5 E“E',
o)
e
ey}
E; GAGE P P/PINE  P-PINF
' EXTERNAL TANK BASE (COLD)
5‘ 10 0.0061 1.218  .00073
BODY FLAP
—t
93 LEFT OMS POD

v °T O8S NDZIEZLE

SSME NOLZLE 21

72 1.0900

JOHE HDZILE #2

&7 1.1400

:SHE NDZZLE »3

133 1.1800

POINF= PSIA

PINF~ 0.0033 PSIA

TOINF= 295.0 DEG F

RE/FT TIHES l0({-6)=

PL123= T11.0 PSIA

PC4 C.0 PSIA

PC5= C.0 P31A

PCL23/PINF TIMES 10{-4}= 21.22

P/PCL GAGE o

GAGE

1.000 9 0.0
132
58

(1.3 G.C

T3 1.36

75 C.7l1

T4 0.55

6% 1.0

T0 L.5C

QR

Gl

i




RUN  T2A CONTINUED

GAGE

p

BASE HEAT SHIELD (COLD)

86
aa
B9
20
91
92
93
95
162
164

881

0.0045
0.0045
0.00465
0.0111
0.0106
Call49
0.0056
0.0036
D.0052
0.0116

P/PINF

1.331
1.331
1.331
3.313
3.164
4af4 8
l.681
1.131
1.546
463

P-PINF

0.00111
¢.00111}
0.00111
0.00775
0.00725
0.01155
0.00228
D.Cc0044
0.001B3
0.00825

PrPLL

0.402
0.402
0.402
1.000
0.955
1342
2.507
D.341
0467
1.045

GAGE

102
103
104
105
106
107
108
109
110
150
111
112
113
114
115
116
117
151

C.0

C‘.G

Co24
Outh
0G4
0.29
G.51
1.05
Ge32
0.03
1.70
273
1.51
(.67
1.38
1.83
Gebd
0.18

GAGE

96
o7
99
101

Q=R

i g i




. GBL

oaSME ND2T

RUN NUMBER= 73 -
CONFIGURATION= OT
 MACH HUMBER= 4.5
ALTITUDE=138 K FT/<

ANGLE OF ATTACK= 0 DEGRFES

TOB=  80.0 DEG F
TET=  8C.0 DEG F .

_ GAGC P
 EXTERNAL TANK BASE (coLn}
_ 10 0.0040
_LEFT OHS PGD .
_ 57  0.0053
{ﬂSME NnizLE ¥1

72 0.590

#e

(]
[
-
m

h? 0, 6C7C

T5ME. NDZZLE 3

133 0.6550

P/PINF

1.036

F.0638

P-PINF

0.00014

0.00247

POINF= 1.12 P5Ya

PINF= 0.0039 PSIA

TOINF= 292.0 DEG F

RE/ZFT TIMES 10{-4)= 1.42
PCI23= 341.0 PSIA

PC4= 0.0 PSIA

PCS= 0.0 PSIA

PCL23/PINF TIMES. 10(-4)= 8.81

PrPCL GAGE Q
1 .000
T3 Ce36
75 Deh3
76 .29
59 Ge39
70 C.51




RUN 73 CONTINUED

GAGE

i

BASE HEAT SHIELD {COLE)

86
58
89
SQ
91
Qg
93
95
162
1564

R

Q6L

0.0057
C.0046
0.0052
0.0115
0.0157
C.0115
0.0030
G« 0058
0.0066

P/PINF

lua76
1.199
1.341
2.972
44057
26972
D778
1etb8

- 14489

‘14713

p=PINF

0.00184
C.0007T
¢.00132
0.00763
0.01183
0,00753
~0.00086
0.00181
0.001B%
G.00276

P/PCL

0497
0.403
D451
1.000
1.365
1.000
0.262
0.494
0.501
0.577

GAGE

102
103
164
105
106
107
108
109
150
112
113
115
116

117

is51

Q

0.02
0.0

.23
0.28
G.03
0.28
D46
1.00
0.01
1.17
0.39
1.20
0.B82
0.13
G.08

GAGE

101

Q-R

La01

———. —




L6l

RUN NUMBER= T
CONFIGURATION= OY

MACH NUMBER= 4.5
ALTITUDE=142 K FT/2
ANGLE OF ATTACK= © DEGREES
TOB=  8J.0 LEG F

TET= 50.C DEG F

BaDY

LEFT

LERT

SSHE

S3ME

¢ SME

GAGE
A TERNAL TANK BASE
10
FLAP
OMs POD
57
UMS NOZZLE
NOZZLE Rl
72
NOZZLE %2
&7
NOZZLE #3
133

J P/PINF P-PINF
(CoLo)
0.0064 0.909 ~0.00064
0402569 3,798 0.01982
1.1160
1.1400
1.25¢C0

e e T e e T s

POINF= 2.05 PSIA

PINF= 0,007]1 PSIA

TOINF= 364.0 DEG F

RE/FT TIMES l0(-4)= 2.45
PC123= 6B4&.0 PSIA

PLA& 0.0 PSIA

PLS= 0.0 PSIA

PC123/PINF TIMES 10{~4)}= 9.6¢

P/PCL GAGE o GAGE
1.000
132
58
b6 c.0
73 C.a3
75 G.55
76 0.11
69 €94
70 €.69

¢-R

Wl

——




—
[ |
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RUN 74 CONTINUED

GAGE

P

BASE HEAT SHIELD {COLD}

8a
88
a9
20
a1
92
93
95
162
164

0.0074
0.0093
0.0111
0.0232
0.0253
0.0176
00047
0.0103
0.0112
0.0104

P/PINF

L.046
1.312
1.567
3,276
3.572
2«4B5
0,659
1454
1.581
1.468

P~PINF

0.00033
0.06221
0.00402
0.01612
0.01822
0.01052
-0.00241
0.00322
0.00412
6.00332

P/PCL

0.319
0.400
Q.478
1.000
1.091
0. 759
0,201
[ PR
0.483
0448

GAGE

102
103
104
1G5
106
107
108
ico
150
112
113
1i4
115
116
117
151

G.05
008
> 0,58
0.93
Q.06
0.62
le.l1
2.28
¢.13
1.72
0.T1
G.4D
2292
1.84
Ca.19
0.06

GAGE

26
a7
29
101

Q-R

0.0
C.0
C.C
a04

e

—_—
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RUN NUMBER= 75

% % CONFIGURATION= OTS POINF= PSIA
= HACH NUMBER= 0.0 PINF= 0,0677 PSIA

o G2 ALTITUDE=159. K FT TOINF= &40.C DEG F
-Q E ANGLE OF ATTACK= G DEGREES RE/FT TIHES 10({-4)=

% g TOB= BC.0 DEG F PC123= 0.0 PSIA

TET= 80.0 DEG F PC4 290.C PSIA

L &2 PCS= 252.0 PSIA

[aei o PCI23/PINF TIMES 1d{—-4}= 0.0
: G
%m
P &= GAGE P P/PINF P—PINF P/PCL GAGE Q GAGE c-R
; EXTERNAL TANK BASE (COLD)
10 0.0135 1,747 0.D0577 1.000 9 6e97
H LEFT OMS POD

58 G54
= SSME NOZZLE #1
: [ 1)
gj 73 1.04(7)
;
.; ISME NOZZILE #2
: 59 oE0
70 C.9%
T
;
F“
H
i .
}




(2%

rRUN 75 CONTINUED

GAGE

e

BASE HEAT SHIELD (COLDY

as&
B8
89
90
92
33
a5
1e?
164

t6l

0.0104%
¢.0139
0..0159
C.0145
0.0133
0.0155
0.0075
0.0182
0.0101

PsPINF

1.346
l.798
2057
1.B76
1.?21
2.018
G965
1.579
1.307

p~PINF

0.00257
0.00617
0.00817
0.00677
C.00557
C.GOT8T
-0.00027
000447
0.00237

P/PCL

OaTLT
0.952
1.097
1.000
C.517
1,076
0a.514
Co841
0687

GAGE

102
103
104
105
106
107
108
109
110
150
113
112
113
114
115
116
117
151

032
0.32
079
1l.47
0.55
.33
1.77
1.86
0.48
~].61
1.52
C.Y0
053
1,63
1.36
1.07
0.72
0.36

GAGE

97
101

Q-2

C.25
6.37

et -



RUN NUHBER= 76
CONFIGURATION= OTS
HACH NUMBER= 4.5

o g o) ALTITUDE=142. K FT
= Eg ANGLE OF ATTACK= 0 DEGREES
o O T0B= B0.0 DEG E
S B TET= 80.0 DEG F
=)
=B
&
=g
gg GAGE P P/RINE P-PINE
B EXTERNAL TANK BASE {COoLDY
10 0.0440 2.843 0.02852
BODY FLAP
—  LEFT OMS POD
WO
[$3 ]

WEFT OMS NOTZLE

SSME NOZZILE %1

J3ME NOZZLE #2

POINF= 4.4B PSIA

PINF= 0.0155 PSIA

TOINF= 393.C DEG F

RE/FT TIMES 10{-4)}= 5.22
PL123= 1437.0 PSIA

PC4 1Bl.0 PSTIA

PL5= 1630 PSIA

PCi23/PINF TIMES 1G{-4)= 9.28

P/PCL GAGE o CAGE
1.000 9 1.69
132
58
66 .66
73 0.90
75 2.02
76 1.39
69  C.36
70 1.68

Go%5

G20

P

AN

i ne -




961

RUN Ts CONMTINUED

GaGE

[~}

8ASE HEAT SHIELD (COLD)

86
B8
89
90
9l
92
93
a5
162
164

0.0419
0,0343
0.0372
0.0318
0.0190
0.03309
0.0401
0.0281
0.0330
0.0361

P/BINF

2.707
2.216
2.403
2+054
l.228
2.190
22591
1.815
24132
2.332

P—PINF

C.02642
G.01882
0.02172
G.01632
(.00352
G.016842
C.C2462
C.01262
0.01752
0.02062

P/PCL

1.318
1.C79
1,170
1.000
t.597
1.0566
l.261
0.884
1.038
1.135

GAGE

102
103
104
143
166
107
108
109
110
150
111
112
113
114
115
116
117
151

Ca68
0.39
0.51
C.97
C.EC
t.75
0.96
0.74
0.59
0.77
l.19
0.13
0.89
G.50
2432
1,96
1.06
G.37

GAGE

6
eT
93
101

Q-R

L.ﬁs
0ah4
c-bz
C.6E

/-

——

—




g e
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RUN NUMBER= 7TA

CONFIGURATION® OTS POINF= 22.25 PSIA

MACH HUMBER= %45 PINF= 00769 PSIA

ALTITUDE=10Z» K FT TOINF= 4£37.0 DEG F )

ANGLE OF ATTACK= 0 DEGREES REFFT TIMES 10(—%}= 25.02

TuB= B0W0 DEG F PC123= 1480.0 PSIA

TET= BO0 DEG F PC4 000 PSIA -

FC5= 0.0 PSIA
PC123/PINF TIRES 10{—4)= 1.93

GAGE P P/PINF P-PINF P/PCL GAGE 2 GAGE QR

EXTERNAL TANKX BASE (COLD}

io 0.0233 0u303 =0a05357 1.000 9 0.12
SSME NHOZZLE #1
. T2 25200 73 029
o ——
~J] SSME NOZZLE #2
o7 2.5000 &2 033
= T0 1.G0

5SHE NOZZILE #3

133 2.T400

—— .-

R A T T, T AR A i L ak




861

RUN T7A CONTINUED

GAGE

P

BASE HEAT SHIELD (CDLD}

8é
88
89
90
92
93
95
162
le4

00494
00408
0.0491
0.047B
00503
0.05601
0.0470
020458
0.0518

P/PINF

O.643
0.531
0.639
Dab22
Qaeb54
Oa782
Oabil
0a60%9
Da&6T4

PP INF

~0.02T47
-0.03607
=-0.0277T
—0 02907
—0.02657
—0a01677
-0.02957
-0.03007
-0.02507

P/PCL

1032
OaB854
1.000
1.052
1.257
D983
0.979
1,084

GAGE

10z
10%
105
106
107
168
109
i1
150
11
112
113
114
115
116
117
151

0.22
0.25
051
0,06
O w2t
0452
063
037
G.0%
079
045
0.18
0.33
0a.81
D=B0
0.22
0.3%

GAGE

o-R




RUN NUMBER= TTC
CONFIGURATION= 0TS
MACH NUMBER= #.5
ATITUDE=10Le K FT
ANGILE OF ATTACK= 0 DEGREES
TOB= 80.0 DEG F
TET= 8040 DEG F

GAGE e P/PINF P—PINF

xIrTvad 900d 40
ST §OVd TVNIDTHC

EXTERNAL TANX BASE {COLD)
10 0a.1430 1823 0.06457

BODY FLAP

i.£EFT QMs POD

661

SSME NODZILE #1
TZ 2.3100 -

SSME NOZZLE #2

¥ 67 2.3800

SSME MOZZILE #3

2«4300

POINF= 2Za.70 PSIA
PINF= 0.0784 PSIA
TOINF= 4222 DEG F

REFFT TIMES 10{~4)= 25.83

PC123= 1482.0 PSIA

PC4 3260 PSIA
PCS5= 2710 PSIA

PCL23/PINF TIMES 10(—%1= 1489

p/PCL GAGE
1000 9
73
&9
70

Q GAGE
0.85

132

58
>le586
l.26
2433

N P S . - N

.‘[\
L ¥

QR

0e31




RUN T7T7C CONTIRUED

GAGE

P

BASE HEAT SHIELD (COLD}

86
1]
89
90
91
92
93
95
162
164

002

0=1250
021040
0.1140
0.1020

01030
0.1130
0.,0907
041020
0044

PIPINF

1.5%4
le32&
1e%5%
1.301

14313
lab4l
l.156
1.301
1.204

P—PINF

004557
D W02557
0.03557
002357

0.02457
0203457
001227
0.02357
0.01597

P/PCL

1,225
1.020
o118
1.000

1.010
1.108
C.B88%
1.000
0.925

GAGE

lo2
2
104
105
108
107
108
109
110
150
11l
112
113
114
115
116
117
151

> 0.T7
> 1430
Q.56
1.48
0499
0 .89
l.62
1463
0.51
1.01
La50
1 .09
D59
De56
1.21
115
083
050

GAGE

96
5T
99
igl

QR

0.0

Oolb
0e3%
0al5




™y
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RUN NUMBER= 78
CONMF IGURATIDON= OTS
MACH NUMBER= &.5
ALTITUDE=102. K FT
ANGLE OF ATTALK= O DEGREES
TOB= 80.0 DEG F
TET= Bl.C DEG F

GAGE P P/PINF

EXTERNAL TANK BASE (COLD)

10 g.1l120 l.460
8IDY FLAP
EsRM SHROUD

4oy 0.1580 2.06C

b 0.6820 3.892
I FT QXS POD

57 G.0528 1.C80

TRET OMS NDZILF

-

JME NDZILE #1
T2 2.2000
saME NOZZLE #2

67 2.3C0C

P—~PINF

0.03530

0.08130
C.560530

POINF= 22.20 PSIA

PINF= D.0767 PSIA

TOINF= 416.0 DEG F

RE/FT TIMES 10(—4}= 25.39
PC123= 1457,0 PSIA

FC4 323.0 PSIA

rCS5= 263.0 PSIA

PC123/PINF TIMES 10{~4}= 1.50

P/PCL GAGE Q GAGE
1.0060
132
48 c.07 47
49 2.02
50 1.33 {?)
53 £.57

e




202

RUN 78 CONTINUED

GAGE P
3SHME NOZZILE #3
133 2.+2700
BASE HEAT SHIELD {COLD}

86 G.1170
a8 0, 0825
RG 0.1050
20 £.0894
91 0.0639
92 0.0T43
93 0.1040
95 0.0868
162 0, 0437
164 0.0B680

P/PINF

1.%25%
1.L76
1l3ﬁq
l.166
D.833
0.9569
l .356
1.132
0.570
1.147

p~PINF

Ce04L3C
t.0C580
¢.02830
C.Cl270
~-0.01280
-C.C0240
0.0273C
0.01Ct0
~0,03300
C.01130

P/PCL

1.309
C.923
1174
1.000
0.715
0.831
1.163
0.971
0.489
G.984%

GAGE

1é2
1c3
105
106
108
109
il0
150
112
114
115
116
117
151

1.39
2.53
1,78
2.18
1,77
la7
1.17
0.89
.77
C.99
1.10
0.99
~ 081
Ga81

GaGE

36
a7
99
101

‘:"0
G.0
.0
€23

e




R T T

[P S

f

T

b Bin

b w004
a TVNID

TV
g1 B0V

€02

ww;(

RUN NUMBER= 79

CONFIGURATION= OTS
MACH MUMBER= 4.3

ALTITURE=142. K FT
ANGLE OF ATTACK= C DEGREES
TD&= 80.0 DEG F
TET= 80.0 DEG F

GAGE
EXTERNAL TANK BASE

10
BSRK SHROUD

44

46
LEFT OMS POD

57
SSHE NDZZILE #1

T2
SSME NOZILE #2

87
¢SME MOZILE #3

. 133

fCoLD}

00430

0. 06006
D.2200

¢.0300

2.2600

23100

2.50

P/PINF

2.778

3.915
144213

P~PINF

0.02752

0.04512
0.20452

POINF= 4.%4B8 PSIA
PINF= 0.0155 PSIA
TOINF= 378.0 DEG F
RE/FT TIMES 10{~4}=
PL123= 1514.0 PETA
PC4 190.C PSIA

PC5= 161.0 PSIA

Se28

PC123/PINF TIMES 10(-41=

P/PCL GAGE

1.000 9

4B
49
50
51
52
53

1.81

0.0
3.25
1.35
C.0
0.0
G.28

9.8

GAGE

47

=R




(

RUMN 79 CONTINUED

GAGE

P

BASE HEAT SKYELD (COLD)

86
g8
89
90
91
92
33
95
162
164

™I
Pote J
=

0.0374
0.0324
0.0353
0.0330
C.0346
C.0376
0.038¢c
J.0327
0.0245
0.0349

p/PINE

2.416
2.093
2.281
2.132
2+235
2.442
2494
2.113
2.22%
2.255

P-PINF

nD.02192
0.01692
D.01982
€.01752
¢.01912
t.02772
0.02312
0.01722
0.01902
0.01942

preCL

1.133
0.982
1.070
1.000
1.048
1.145
1.170
0.991
1.045
1,058

GAGE

10z
103
104
1035
106
167
ice
109
110
150
111
112
114
115
1186
117
151

Q

0.35
C.45
C.31
G.70C
Ca50
G.51
0.77
0.75
G.39
Dubér
0.97
1.00
G40
2.17
2.24
Lol 1»08
G.35

GAGE

97
99
101

Q=R

Ge0
Co.U
(alb




RUN NUMBER= d(C
CONFIGURATION= QTS
MACH NUMBER= 4.5
ALTITUDE=136, K FT
ANGLE OF ATTACLK= 0 DEGREES

TOB=
TET=

EXTERNAL TAMK

RSRHM SHRDUD

5G¢

¢ ~FT OMS POD

ASME NMDZILE sl

< 3ME NOZZLE #2

t§4E NOZZLE #3

80,0 DEG F
BC.0 DEG F
GAGE P P/PINF P—-PINF
EASE (COLD}
10 0.0139 0.T11 =0.00564
4& 0.2310 11.823 0.2114%6
57 0.0431 2.206 0.02356
2 22,5000
67 2.3700
133 2.6700

POINF=
PINF= 0.0195
TOINF= 384,.0
RESFT TIHES 10{=-4)=
PC123= 1411.0 PSIA

13.5 PSIA

13.5 PSIA

pC4
PCS=

5465

PSIA
PSIA
DEG F

6.75

PC123/PINF TIMES 106{-4}= 7T.22

P/PCL

1.000

GAGE

48
&9
50
51
52
53

0 GAGE

G.12

Ga0
> 3.83
Quh3
0.0
0.0
C.12

o




RUN ROC CONTINUED

GAGE

p

BASE HEAT SHIELD (COLD]

86
a8
B9
90
91
g2
23
a5
162
164

202

0. 0257
0.0229
0.0247
C.0354
C.0323
Caaa?
Co D344
0.0236
0.0159
0.0385

P/PINF

1.315
1.172
le264
l.812
1.653
2.208
L.761
1.208
0.8l4
1.971

T T

P=PINF

0.00616
0.00336
G=00516
¢.ClL586
S.01276
C.p2518
C.0148é&
G.00408
-0.C0354
0.018%6

P/PLL

0.726
Oeb47
J 598
1.000
G.912
1.263
0.572
0.66T
0. 449
l.088

GAGE

102
103
104
105
106
109
110
150
I}
112
114
115
116
117
151

a

0.12
G.04
0oteb
2.57
¢.18
2419
Coea 5
D.13
3.81
3.75
G.T7
2.28
2.53
~{ b2
Ca&s7

GAGE

101

A-R

U 08




TIVAD d00d J0
gl MOVd TVNIDIEO

Al

102

RUN HUHMBER= B9D
CONFIGURATION= OTS
MACH NUMEBER=T 443
ALTITUDE=132a. K FT
ANGLE OF ATTACK= C DEGREES
TOB= Bg.C DEG F
TET= BO.O OFEG F

GAGE P P/PINF

EXTERMAL TANK BASE ({CLD)

10 G.0530 24324
£83RM SHROUD

44 G.0667 24925
L~FT OMS POD

&7 G.0354 1.552
w:¥E NOZZILE +1

T2 ?7.306C
s>zME NOZZLE #2

&7 2.290C
LSME NOZZILE W3

133 2.41CC

pP-PINF

0.03029

004390

J.0126¢C

POINF= 6460 PSIA
PINF= 0.0228 PSIA
TOINF= 339.0 DEG F
RESFT TIMES 10(-4}=
PC123= 1504.0 PSIA

PCL4 164.0 PSIA
PLS= 135.0 PSIA

8.C5

PCI23/PINF TIMES 10(~4l= &6.60

P/PCL GAGE

1.000 9

48

5¢
51
52
53

G GAGE
1a66
0.0 &7
1.44
B.42 [ 7
0.0
0.0
0.26
58

P




80¢

RUM  BOD CONTINUED

GAGE

P

BASE HEAT SHIELD (COLD)

13
88
go
99
a1
92
Q3
55
162
164

0.0407
0.0368
040414
0.0378

0. 0388
0.0506
0.0351
0.0211
0.03%94

P/PINF

1.785
1.614
1.816
1.658

1.702
20219
1.539
C.925
1,728

p-pPINF

G.01790
G.01400
0.01860
0.0150C

0.01600
0.02780
0.01230
-C.00170
C.01660

P/ECL

1.077
0.974
1.095
1.000

1.026
1.339
0.929
0.558
1.042

GAGE

102
103
105
106
108
109
11cC
15C
1i1
112
114
115
116
117
151

Q

Q.63
Ce24
0.53
.21
C+65
JeB2
033
[
1.09
1.20
0,31
214
2e26
~ 1403
044

GAGE

icl

.




a1

602

o

RUN NUMBER= 381
CONFIGURATION= OTS
HACH NUMBER= 4.5
ALTITUDE=121. K FT

ANGLE OF ATTACK= U DEGREES RE/FT TIMES 10(-4)= 1l1.81

T28= 80.0 DEG F
TET= 80,0 DEG F
LAGE P

EXTERNAL TANK BASE (COLD)
10 0.0686
EERM SHROUD

L 0.07561

- FT OM5 Pug

&7 0.0503
‘IME NOZILE R}

12 Ze3400
L HME NOZILE #2

57 2.28600
£ ME NDZILE 3

133 2.510¢

POINF= 10.16 PSIA
PINF= Q.0351 PSIa
TOINF= 396&6.,0 DEG F

PC123= 1483.0 PSIA

PC4 188.0 PSIA

PCS= 156.0 PSIA

PC123/PINF TIMES 10{-4)= 4,22

P/PINF P-PINF P/PCL GAGE Q GAGE a—R ——
1.954 0.03350 1.G00 9 1,53
2elbB 0.04100 48 CaCs 4T C.0
49 2.16
50 041
51 Gl
52 0.0
53 Q.31
l.433 ¢.D1520 58 Q.0

TR R L e Do : e e e Gt e e s : LT W




RUN B1 CONTINUED

GAGE

P

BASE HEAT SHIELD (COLDI

856
68
g9
a0
51
ez
g3
@5
162
164

0le

0.0496
0.0473
0.,0513
O.0484

C.0515
0.0540
0.0486
c.0478
0.0488

P/PINF

1.413
1.347
l.461
1.379

1“‘*67
1.538
1.385
1.362
1.290

P~PINF

0.01450
0.01220
0.01620
c.01330

C.01640
6¢.01890
0.01350
G.012T0
0.01370

P/PCL

1.025
0,977
1.06G
1.000

1.064
l.116
1.004
0.988
1.008

GAGE

102
103
104
105
1c6
108
109
11¢
150
111
112
114
115
116
117
151

Q

Qa3
Q.26
0.38
Getd
0.27
CobT
Cabl
0ot
Q.33
C.95
G.T6
0a63
1.71
135
~ CaTh
0.22

GAGE

101

o-R

L.20




L2

RUN NUHMBER= 82
CONFIGURATICN= DTS
MACH NUMBER= 4.5
ALTITUDE=122. K F¥

ANGLE OF ATTACK= 0 DEGREES

To8= 80,0 DEG F
TET= 80.0 DEG F

GAGE P
EXTERNAL TANK BASE (COLD)

10 0.0621
EXTERNAL TANK SIDEWALL

24
854 SHROUD

4y 0.3969
4b 0.4140

LERT OMS P0OD
&7 €.04R0

SUME NOZZLE

b3
W

133 2.2100

P/PINF

1.845

2,879
12.302

les2e

P~PINF

0.02845

0.06325
C.38035

0.01435

POINF= 9474 PSIA

PINF= G,0337 PS5TA

TOINF= 373.0 DEG F

RE/FT TIMES 10{-4)= 1l.54
PC123= 1397.C PSIA

PC4 317.0 PS1A

PC5= 265.,0 P5TA

PC123/PINF TIMES 10(-&)= 4,15

P/PCL GAGE a GAGE
1.000 9 1.96

48 0.09 4T

49 3217 (7Y

5¢ Ceb63

51 0.C

52 0.C

53 G.36

c.06




TR

RUN 82 CONTINUED

GAGE P PI/PINF P—-PINF P/BECL GAGE Q GAGE Q=R

BASE HEAT SHIELD (COLD}

86 0.0690 2.650 0.03535 1o423 102 1.19 101 064
88 0. 0809 1,810 0.02725 1.256 103 €.50
8% 0.0579 1.721 C.02425 1.194 105 1.42 —
30 0.0685 1.4681  G.0l485 1.000 108 1.59
51 100 1.25
92 0.G516(7; Ll.533 0.01795 SIS 110 N6
33 0.0645 1.917 0.53085 1.330 150 1.15
55 0.,0502 1,492 0.01655 1.035 111 0.96
162 0.053% 1.587 0.01975 1.101 112 Ca52
164 0.0481 1,429 003445 0.992 114 0,50 -
115 0.93
116 0.26
117 0.92
151 0.52

21e

ey

——




RUN NUHMBER= b3

CONF IGURATION= 0TS POINF= 14.B5 PSIA
MACH NUMEER= 4.5 PINF= 0,0513 PSIA
ALTITJDE=112. K FT TOINF= 403.0 DEG F
. o0 ANGLE OF ATTACK= O DEGREES RE/ET TIMES 10(-4t= 17.17
: = 708=  80.C DEG F PC1Z3= 1439.0 PSIA
3 o G2 TET=  8C.C DEG F PC4& 355.0 PSIA
i o 52 PCS5= 313.0 PSIA S
| = E: PC123/PINF TIMES 10(—4)= 2.80
=
4 EE g; GAGE e D/PINF  P-PINF psPCL GAGE Q GAGE LR
:-_e.:'; EXTERNAL TAY~ RASE (COLD}
10 0.0955 1,861  0.04418 1.000 9 1.78
EXTERHAL TANK SIDEWALL
24
N g3R® SHROUD —
[#+]
_ 44 D.1426 2,775  0.09108 48 0.09 47 .04
: 46 C.6820 13.288  0.63068 52 0.52
3 53 .36
L T 0¥S§ 2TD
57 0. 0687 1.261  C.01338 58 Gesd (7) —
_iME NDZILE 1
72 2.2100
< Mg NDZILE #2
AT 2.1200
© ME NOZILE 43
132 2.0%500




vie

RN B3 CONTINUED

GAGE

-]

BASE HEAT SHIELD {(COLD}

Bé
B8
eg
aC
91
g2
G2
95
162
164

Ga. 0964

+ 1006
2.0BoC
Ge0T4E

0.0752
0.0862
00723
0.0811
0.D738

P/PINF

1.87E
1.96C

——
y. 532

1,457

Latb7
1.58C
1.425
1.580
l.43B

PP INF

C.O4a508
C.DaT2e
C. GEET
C.0Z348

0.023%8
0.03488
0.021%8
002978
0,02248

P/PLL

1.245
i.orc
1.00C

1,007
1.152
0.7B0
1.08%
0.987

GAGE

102
103
105
108
109
110
111
112
114
115
117
151

s e e A B o Ah tmtnn bl v by :

1.85
1,51
3.E7
oot
1.00
1.02
.65
0.59
>0.92
1.09
1.48
0,62

GAGE

99
10l

C .45
CeaT




~(

AUN NUMBER= B4

GLe

CONFIGURATICN= DTS5
HACH NUMBER= 4.5
ALTITUDE=12¢0 K FT

AMGLE DF ATTACK= O DEGREES

T0B= 80.0 DEG F
TET= 80.0 DEG F

GAGE P
EXTERNAL TANK BASE {COLD)
10 0.0385

£30Y FLAP

BSRM SHROUD

b4 0.0702
ab 0. 2410

LiFT QXS POD
5T 0.C300

L FT ORS NOZZLE

SAME NOZILE #1
72 1.2200

SAME NDZZLE #2

&7 1.15C0

P/PINF

2300

42194

14,397

1,792

P—-PINF

0.02176

005346
0.22426

N.01326

POINF= 4.85 PSIA

PINF= 0,01567 PSIA

TOINF= 375.0 DEG F

RE/ZFT TIHES 10(-4)= 5.73
PC123= TO06.0 PSIA

PC& 179.0 PSIA

PC5= 149.0 PSIA

PC123/PINF TIMES 10{-al= 4.22

pP/PCL GAGE qQ GAGE
1,000 9 ~ 0,088
132

48 0.0 47

49 0.91

50 0

51 0.C

52 0.0

53 0.uai{ %Y

b6 G.0

L . : L
s A e e bl - .




RUN B4 CONTINUED

GAGE
SSHE NDZZILE #3

133

1.2000

BASE MEAT SHIELD (COLD}

91¢

0. 0454
0.0332
0.0361
0.0318
0.0295(7)
0.0321
0.0381
0.0313
0. 0354
0.0322

P/PINF

2.712
1,983
2.157
1.900
l.762
lﬂqle
2,276
1.870
20115
l.924

p=PINF

C.02856
C.01646
0.01936
0.01506
0.01276
0.0G1536
0.02136
0.01456
c.Cla66
0.015406

P/PCL

1.428
1.044
1.135
1.000
0.928
1.009
l1.198
0.98%
1.113
1.013

GAGE

lo2
103
105
108
109
il
111
112
115
iie
117
i51

Q

CeT6
Q.79
G567
G.T6
0.62
0.58
Gab67
047
0.50
0.36
0.322
0.25

GAGE

qé

161

Lal7
L}
Calkl

_——




RUN NUMBER= B85
CONF IGURAT ION= OTS
MACH NUMBER= #.5
ALTITUDE=122. K FT

ANGLE OF ATTACK= 0 DEGREES

T08= 80.0 DEG F
TET= 80.0 DEG F

GAGE P
EXTEANAL TANK BASE (COLD)

10 0.0591
157 0.0631
158 000418
159 0,0534
170 0.0561
171 0.0556
172 0,053%9

Lie

T <TERNAL TANK SIDEWALL
25 ¢.00317)

BJDY FLAP

b. WM NDZZLE

54 0.0625
55 3.6300
g6 4 .B3800

P/PINF

1.730
1.847
1.223
1.563
l.642
1,627
1.577

C.0%0

1-qu

P—PINF

0.02493
0.02893
(.00763
0.01923
0.02193
G.02143
0.01973

~0.03108

C.C2833

POINF= 9,89 PSIA

PINF= 00,0342 PSIA

TOINF= 382.0 DEG F

RE/ET TIHES 10(-4)= 11.63
PCl23= 1382.0 PSIA

PC4 l4b.0 PSIA

PC5= 131.0 PSIA

PC123/PINF TIMES 10(-4)= 4.D4

P/PCL GAGE a
1.000 1 1.48
1.068 3 0.78
0.707 5 0.83
0.504 T 1.16
0,949 9 0.20 (")
0.941 15 1.07
0.912 17 0.92
21 De5%
28 c.91
26 C.C
29 €039
a3 C.27
7N £.71
35 1.53
204 €.16

GAGE

iB
129
130
131

g-a

Go36
G.32
G.10
0.23
0.15




:
i
'f;

RUN 85 CONTINUED

gle

GAGE e
LEFT DMS POD
SSHME NOZZLE #l
72 2.2000
SSHE NOZZILE #Z
&7 2.2600
TOME NBZILE #3
133 Z.3900
5ASE HEAT SHIELD {COLD)
82 0.0507%
20 0.,045%

ALTTVAD Yoo
d d0
ST @DV TNt

P/PINF

1.484
1.343

P-PINE

0.01653
0.01173

P/PCL GAGE

&1
1,105 111
1.000

0,08 (7Y

GAGE

0-R

— -




RUN NUMBER= 9&

0 ¥004q J0

GAGE

HIVd TVNIDIIO

EXTERMAL TANK BASE

ALrIVn
81

1G
1546
157
158
159
170
171
172

612

2.0Y FLAP

eLRM NOZZILE
Bzp
55
-1
SUME NOZSLE =1

72

CONFIGURATTIOH= 0TS
HACH NUMBER= 4.5

ALTITUDE=133. K FY
ANGLE OF ATTACK= O DEGREES
TaB= B0.O DEG F
TET= 80.0 DEG F

p

(CaLD)

0.0458
0 .04-44.
0.0459
0.0250
0.0415
0.0434
C.0425
0.0384

O« 0486
3.6200
0. 4600

2.51(C

P/PINF

2.052
1.992
2.057
1.568
L.B85%9
) .945
1.504
1.720

2,177

P=PINF

0.02348
Q.022.1

£.02358
0.01268
0.01918
0.02108
0.02018
0.01608

C.02628

POINF=

PINF=

b.46 PSIA
0.0223 PSIA
TQINF= 353.0 DEG F
RE/FT TIMES 10(~4)=
PC123= 1450.0 PSTA

PC4 162.0 PSIA
PC5= 145.0 PSTIA
PC123/PINF TIKES 10{-4]=

psPCL

1,000
0.9¢7

1.002
0.764
0.906
G948
0.928
0.838

GAGE

29
33
34
35

0.70
.83
1.10
1.25
l.61
2.03
1.75
D.88
0.75
1."‘5

C.30
> Q.39
.83
1.75

6.50

GAGE

18
i2e
130
131

0.50 {
Coatety (1
Ge24
Co2T
C.22

v
)




RUN 86 CONTINUED

GAGE P e /PINF
SSME NOZZILE #2
=7 2.4500
SSME NOZZLE #3
133 2456400
BASE HEAT SHIELD (COLD)

¥4 0. 0357 1.601
0 0.03567 le&4h

0¢e

T DR A T

p=PINF

0.0134
0.01428

P/PCL

0.973
1.000

GAGE

11l

Q

GAGE

Q=R




RUN HUHBER= 87

Lee

T s s

CONF IGURATION= 0TS
HACH NUMBER= 4.5
ALTITUDEZ141. K FT

ANGLE DF ATTACK= O DEGREES

TOoB= 80.0 DEG F
TET= 80.0 DEG F

GAGE P
EXTERHAL TANK BASE {COLD)

10 0.0418
16 0.0521
156 0.0412
157 0.0463
158 0.0361

159 0.0363
170 000435
171 0.0437
172 0,0340(7)
BODY FLAP

BLRH NOZZLE
54 0+0479
55 448300
56 443900
SSME NOZZLE Rl

12 2.5700

P/PINF

20536
30260
2.578
20897
2+259
2.272
2.722
2735
2.128

2.998

P—PINF

0.02582
0.03612
0.02522
0.03032
0.02012
0.02032
0.02752
0.02772
0.01802

0.03192

POINF= 4.63 PSIA

PINF= 0.0160 PSIA

TOINF= 376.0 DEG F

RE/FT TIMES 104—%l= B4b
PCl23= 1522.0 PSIA

PC4 198.0 PSIA

PCEx= 145.0 PSIA
PCI23/PINF TIHES 10(—4)=

P/PCL GAGE @
1.000 1l 0.94%
1246 4 0.95
0.986 5 1.22
1.108 T 1.55
O.Bb% 9 1.55
0.E68 15 1.01
1041 17 0.35
1,045 19 Cab3
0.813 20 0.90
2F 036
28 1.93
29 037
33 G.82
34 1.05
35 1.64

AT T L JA i . ey

9o 52

GAGE

18
130
121

Gu65

>1.60
0.31

Qa4




RiM4 87 CONTINUED

GAGE p P/PINRF P—PINF P/PCL
S5ME HOZZLE #2
67 2.6000

5SHME NOZIZLE #3
133 2.56700
BASE HEAT SHIELD {COLD}

[:¥] 0.033% 2.090 D.017T42 0T84
90 0.0354 2.215 001942 1.000
™
™o
(%]
Q:‘\ »
m
SA
TE
S
&

g

I T T

GAGE

111

Q

127

GAGE

a-R

——ar~




n-'(

RUH NUMBER= 88
CONFIGURATION= OTS
HACH NUMBER= 4.5
ALTITUDE=119 K FT

ANGLE OF ATTACK= 0 DEGREES

TOB= 80.0 DEG F
TET= BG.0 DEG F

GAGE P
EXTERNAL TANX BASE (COLD)

10 0.0323
156 0.0304
157 0,0342
158 0.0282
159 0.0314
170 0.0381
171 0.0296
172 0.06270

€ae

BCDY FLAP

B5RM NOZZLE

54 0.0321
55 3.3510
56 400320

SIME MOZIZILE #1

72 1.2230

P/PINF

1,385
1774
1.596
1.646
1.832
2.223
1.727
1.57¢&

2.282

P=PINF

0.01516
0.01326
0.01706
0.01106
0.01426
0.02096
0.01246
0.00%86

G.02156

S

POINF* 4.96 PSIA

PINFx Q.0171 PSIA

TOINFE 404.0 DEG F

RE/FT TIHES 10{—4}= 5.7T3
PC123= T17.0 PSIA

PC4 13340 PSIA

PC5= 102,00 PSIA
PC123/PINF TIMES 10{-4)=

P/PCL GAGE Q
1.000 3 .53
0.941 4 0.83
1.059 5 0.86
0.873 7 1.13
0.972 9 1.23
1.180 15 lal6
0.916 17 0.67
0.836 19 0.63
20 1.01
21 037
28 .85
29 0.42
33 0.58
34 C.80
35 1.59

418

GAGE

18
129
130
131

0.38
Del2#h
0417
D.18
Oall

S




714

RUN 88 CONTINUED

GAGE P
SSHE NOZILE #2
&7 1.1790
SSME NOZZILE #3
133 1.3200
BASE HEAT SHIELD (COLD}

82 0.0256
90 D.0283

P/PINF

1.494
1.651

P—-PINF

0.00846
0.01114

P/PCL

0.905
1.000

—

GAGE

111

Q

GAGE

Q-R




RUH NUMBER= 594
CONFIGURAT ION= OTS

% g MACH NUHBER= 4.5
= ALTITUDE=1124 K FT
- ANGLE OF ATTACK= O DEGREES
g B TOB=  BO.O DEG F
= ? TET= B8040 DEG F
&
]
e
Eom
= @
| =
GAGE P P/PINF  P-PINF
&3
EXTERNAL TANK BASE [COLD)
10 0.0933 1.825  0.04217
156  0.0828 1.619 0.02167
159  0.0886 1.733  0.03747
170 0.D0%49 1.856 0.04377
172 0.0862 1.686 003507
™
]
[y}
] BIDY FLAP
g.RM NDZZILE
54  0.1180 2.308 0.056687

L FT Q45 POD

O T TR P

POINF= 14.80 PSIA

PIRF= 0.0511 PSIA

TOINF= 347.0 DEG F

REZFT TIMES 100-4)= 17.92
PC123= 1452.0 PSIA

PC4 407.0 PSIA

PCS= 405.0 PSIA
PCL23/PINF TIMES 10{-4)=

PsPCL GAGE G
1.000 t 2e25
D.887 3 0.81
D950 4 1.87
1.017 5 1.98
0.924 7 2627
9 2.03

15 1.53

17 0.64

19 > 1.88

20 1.78

21 1.23

28 l.14

29 0.93

33 1.20

34& Z2.13

35 LYY-L

204 > 0.95

a6l 0.72

2. 84

GAGE

18
129
130
131

QR

D97
0.83
0.55
0.55
Oa4l




— LA

P e B THRA oA T W WY S nemgems e e e s

g

RUN 89A CONTINUED

GAGE P P/PINF P~PINF PsPCL GAGE Q GAGE Q-R
SSME NOZZILE #1
T2 2.5500
SSHE NOZILE #2
ot 2.5200
SSHE NOZZILE #3
133 2.6000
BASE HEAT SHIELD (COLD)

az 0.0751 1.469 0.02327 0.B72 111 0.0%9
90 0.0861 le684  0.03497 1.000 202 1.72

9¢¢

R :
I P




RUN HUMBER= B9B
CONF IGURATION= 0TS
HACH NUMBER= 4.5
ALTITUDE=112. K FT

ANGLE OF ATTACK= O DEGREES

TOB= B0.0 DEG F
TET= B0.0 DEG F

GAGE P
EXTERNAL TaN® BASE (COLD}

10 0.0913
156 0.0927
157 0.0959
158 0.0705
159 0.0833
170 0.0854
171 0.0751
1712 0.0792

tee

8. DY FLAP

a. WM NIZZLE
5% 0,1070
55 9.1400
56 B.5300
4. WF NODZZLE #1
72 2.+4%00
§:ME NOZLLE »2

67 1.0300

LY

P/PINF

l.822
1.850
1.9l 4
l.407
la663
1.705
1.51¢9
1.581

2.1386

P-PINF

G.04120
0.04260
D.04580
0.02040
0.03320
0.03530
0.02600
0.02910

0.055%0

POINF= 14.50 PSIA

PIKF= 0.0501 PSIA

TOINF= 408.0 DEG F

RE/FT TIKES 10{-&4}= 16.69
PC123= 1461.0 PSIA

PCh 363.0 PSIA

PCE= 291.0 P5IA

PC123/PINF TIMES LO0(-%}=
P/PCL GAGE Q
1.000 1 2o4h
1.015 3 0.87
1.050 & 1.40
0.772 5 1.11
0.912 9 1.79
0.935 15 2.11
0.834 17 0.6l
0.8567 19 0.83
20 1.7%
21 2.11
28 l1.07
33 0.95
34 1.36

2092

GAGE

18
130
131

R

075
0.40
0.22
0.132

VA




RUM 898 CONTINUED

GAGE P

SSHE NDZZLE #3
133 2.5900

BASE HEAT SHIELD (COLD)

B2 0.0655
a0 0.0826

gée

P/PINE

1.307
1.649

P=PINF

0.01540
0.03250

P/PCL

0.793
1000

GAGE

111

Q

1.79

GAGE

[
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RUN NUMBER= 90

CONFIGURATION= QTS

MAGH NUMBER= 4.5
ALTITUDE=142. K FT

AMGLE OF ATTACK= O DEGREES
TOB= 80.0 DEG F

TET= 80.0 BEG F

GAGE
EXTERNAL TANK BASE

19
156
157
158
159
170
171
172

6¢¢

groY FLAP

GAM NDQZILE
54
55
56
S3HE NDZILE #l

T2

P P/PINF  P-PINF

(coLp}
0.042% 22715 0,02678
0.0322 2.062 0.01658
N.0399 2.555 0.02428
0,0305 1.953 0.01488
0.0368 2.356 0.02118
0.0370 2.372 .02 14
0.0386 2.472 0.02298
0.0331 2.120 0.01748
0. 0434 2.779 0.02778
4,1700
5.1100
2.4700

POIMF= 4.52 PSIA

PINF= 0.01556 PSIA

TOINF= 36B.0 DEG F

RE/FT TIMES 100—43= b5.38
PLCL123= 1496.0 PSIA

PC% 173.0 PSIA

PC5x 178.0 PSIA

PCL23/PINF TIMES 1Qi{-4)=
P/PCL GAGE Q
1.000 1 >3:11
0.759 3 1.08
D941 & 1.26
0.719 5 > 2.58
0.868 T 3.59
0.873 2 2.81
0,910 15 1.54
0.781 17 1.18
19 l.62
20 2+1b
21 1.01
28 2.09
a3 C.59
34 0.78

GAGE

130
131

QR

054
Gefrl
0.5} -
Ge23




» coreT

i el

RU 90 CONTIKUED

GAGE

SSHE NDZZILE #2
oT

SSHE NDZZILE &3
133

P P/PINF P-PINF

2.4500

2.6200

BASE HEAT SHIELD {COLD}

82
20

0ed

0. 0331 2.120 0.01T48
0.0330 2.113 p.01738

PsRLL

1.003
1.000

GAGE

111

Q

1.66

GAGE




f
! RUN HUKBER= 1A

CONFIGURATION= OTS POINF= 10.02 PSIA
HACH NUMBER= %.5 PINF= 0,0346 PSIA
ALTITUDE=122+ X FT TOIRF= 378.0 DEG F
ANGLE OF ATTACK= O DEGREES RE/FT TIMES 10(-4)= 11.82
T08= 60,0 DEG F PCI23= 1464.0 PSIA —
TET= B8040 DEG F PC4 471.0 PSIA

PC5= 375.0 PSIA

PC123/PINF TIHES 10{—4)}= 4.23

GAGE P P/PINF P-PINF P/PCL GAGE Q GAGE a-R
EXTERNAL TANK BASE {COLD}Y

10 0.0845 2481 0.04988 1800 1 > 6.29 8 1.02
156 0.0880 2.542  0.05338 1.041 3 1.90 13 0.85
157 0.0883 2.551 0.05368 1.045 4 2656 131 027
: 158 0.0861 1.909 0.03148 0.782 5 1.93
: is59 0.0766 24213 0.04158 0.207 T 2.09
i Mo 170 0.1020 2,946 0.06738 1.207 9 >r3.70
i et 171 00744 2.149 0.02978 0.280 15 2slb
[ 172 0.0756 2.184 0.04098 0,895 17 1.58
: i9 1.69
20 ~ 3,65
P 3.05
B 365
800Y FLAP
34 > 6467
B5RH NOZZLE
5y 0.0889 2.568 0.05428
L 55 12 .B800
| 56 10.2500
SSHE NOZLLE #1
72 2.5080




i e

RUN  91A CONTINUED

GAGE P
SSHME NOZZLE #2
67 0.7880
SSHE NOZZILE #3
133 2.3920
BASE HEAT SHIELD (COLD)

B2 0.0760
90 00,0660

FANA

P/PINF

2.195
1.906

P-PINF

¢.04138
0,03138

P/PCL

1.152
1.000

GAGE

111

G AGE

QR




FIrIvad ¥00d 0
g1 @pvd TVAIDIEO
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RUN NUMBER= @918

CONFIGURATION= OTS
MACH HUHMBER= 4.5

ALTITUDE=F22. K FT
ANGLE OF ATTaCK= Q OEGREES
TOB= B0.O DEG F
TET= 80.0 DEG F

GAGE

EXTERMAL TANK BASE
10

156

157

158

159

170

171

172

2I0Y FLAP

CLRM NJZILE
54
55
. 56
“SME NQZILE #1
72
S3ME NOZZLE #2

67

P
(COLD)

0.0750
D.0722
0.0781
0.0605
0.0690
0.0771
0.0679
0.0596

0.0797
96600
B.4000

2.5200

2.4800

P/PINF

2.1B5
2.103
2:.275
1,763
2.010
24246
1.978
1,736

2.322

P—PINF

0.04067
0.03787
0.04377
0.02617
0.03%67
0.042T7
0.013357
0.02527

0.04537

POYNF= 9,94 PSIA

PIRF= D.0343 PS5I1A

TOINF= 297.0 DEG F

RE/FT TIKES 10f—4)= 12.57
PC123= 1469.0 PSIA

PCA 289.0 PSIA

PCS= 252.0 PSIA
PCLZ23/PINF TINMES l0l—%i=

PsPCL GAGE Q
1.000 1 3.72
0.963 3 1.16
1.041 4 1.32
0.807 5 1.75
0.920 7 2483
1.028 Q 2.T6
¢.905 i5 24156
0.795 17 0,92
19 Y47
20 2.25
28 1.75
33 1.3%9
a4 1.52

4e2B

GAGE

18
131

0.55
0.7
Qoll

TR O A )

PR

—— -




RUnN 918 CONTINUED

GAGE P
SSME ROZZLE #3
133 2.56100
BASE HEAT SHIELD (COLD)

82 0.0542
o 0. 0539

3]
w
i

P/PINF P=PINF

1.579 0.01987
1.570 001957

P/PLL

1.006
1.000

GAGE

111

GAGE

Y ————
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RUN NUMBER= 91C

CDNF IGURATION= OFS
HACH RUMBER= #.5

ALTITUDE=121s K FT¥
ANGLE OF ATTACK= O DEGRFEES
ToR= B0.0 DEG F
TET= BO.B DEG F

GAGE
i EXTERNAL TANK BASE

10
156
157
158
159
170
171
172

GEZ

BSRM NOZZLE

54

55

56
S3ME NDZIZILE ¥l

T2
$,HE NOZZLE #2

X
% ME NOZZILE #3

133

P
(COLD}

0.0805
0.0873
06,0930
0.0808
0.0755
0.1000
0.0835
0.0739

0.0955
8.56500
9.6500

2. 4000

24600

245700

P/PINF

24262
2.453
2.613
2.271
2.122
2.810
24346
2.077

2.684

P=PINF

0.04491
0.05171
0.057%1
0.04521
0.,03991
0.06441
0.04791
0.03831

0.05991

POINF= 10.30 PSIA

PINF= D.0356 PSIA

TOINF= 348.0 DEG F

RE/FT TIMES 10{—%)= 12.46
PC123= 147T6.0 PSIA

PC4 3406.0 PSIA

PCE= 3B6.0 PSIA

PL123/PINE TIHES 10(-4)= 4.15

P/PCL GAGE Q GAGE
1.000 1 2.T4 8
1.084 3 1.05 18
1.155 4 1.4l
1.004 5 1.66
0.936 7 2.50
1.242 17 0.B85
1.037 19 Lelb
0.918 20 1.81
21 £,19 (7)

G.66
Cah9




{ ( (
RN 91C COMTINUED
GAGE p P/PINF P=PINF P/PCL GAGE Q GAGE Qo-R
BASE HEAT SHIELD (COLD}
B2 0.0751 2.110 003951 1.128 1ii 2.11
90 0.0866 1.871 003101 1.000
| N
| (2]
‘ (=}
()
38
Py Ay
SE
3
S5 -
8
&y
R T T T T T e T AT S A S ST T R I R Lo . e o _ﬁ




RUN NUMBER= 92

CONFIGURATION= DTS POINF= 23.60 PSIA

MACH NUMBER= 4.5 PINF= 0.0B15 PSIA

ALTITUDE=100. K FT TOIKF= 402.0 DEG F

AMGLE OF ATTACK= 0 DEGREES RESFT TIHES 10(—4}= 27.29

TOB= 80.0 DEG F PC123= 1451 .0 PSIA —_—
TET= 80.0 DEG F PC4 251.0 PSIA

PLS= 294.0 PSIA
PCE23/PINF TIMES 10{—4)= 1.78

GAGE P P/PINF P~PIHF P/PCL GAGE Q GAGE R

EXTERNAL TANK BASE (COLD)

10 0.1140 l.398 0.03246 1.000 1 2.02 8 6a46 (D

156 0.1530 1.876 0.07146 10342 3 0.72 18 (]
157 0.1260 14545 0.04446 1.105 4 D.87
158 0.1010 1,239 0.0194%6 0.386 9 1.17
™ 159 0.1050 l.288 0.02346 0.921 T 071
&j 170 0.1170 1435 0.03546 1.026 19 .80
171 0.0974 1.195 0.015856 0.B5% 20 l.14
172 0.1010 1,239 C.01i%Hé6 0.886 21 0.75
28 0.87

EXTERNAL TANK SIDEWALL

25
B5RM NDZZLE
54 0.1640 Z2.011 0.08246
55 8.9000
56 8.1400

U

S.ME NDZZLE #1
T2 2.2700
5HE HOZILE #2

-} 2.2400

o —




RUR 92 CONTIMUED

GAGE P
SSHE NOZZILE #3
133 2.5500
BASE HEAT SHIELD {COLD)

B2 0.1010
%0 0.1020

™2
(7]
co

P/PINF

1.23%9
1.251

P-PINE

0.019%46
D.020456

P/PLL GAGE
0.990 1il
1.000

Q

GAGE

Q-R




RUN HUMBER= 93A

COMF IGURATIDN= OTS POINF= 9,85 PSIA
HACH NUMBER= 445 PINF= 0.0340 PSTA
oo ALTITUDE=122. K FT TOINF=>340.0 DEG F
== ANGLE OF ATTACK= 0 DEGREES RE/ZFT TIMES L0{—4)rc 12,00
o ) TOB=  B0.0 DEG F PCl23= 1407.0 PSIA
S B TET= B0.0 DEG F PC4:=321.0 PSIA
o PCS= 310,00 PSIA
5] g: PC123/PINF TIMES 10(~4)= 4.13
o
<P
EE g; GAGE p P/PINF P-PIHF P/PCL GAGE Q GAGE R
"l EXTERNAL TANK BASE (COLD)
10 0.0727 2.136  0.03857 1.000 3 1.08 8 0.39
156 0.0865 20542 005247 1.190 & 1.05 18 0.43
157 000768 2.257 0.04277 1.056 5 1.38 131 0.17
158 7 1.90
159 0.0680 1.998 0.03397 0.935 ? 2406
~ 170 0.0%944 2.77T4  0.06037 1.2948 15 2.91
O 171 000650 1.910 0.03097 0,894 17 0.86
172 0.0672 1.975 0.03317 0.924 19 1.06
20 2.19
21 1.15
28 1.78
3SRR NOZZILE
54 0.0880 2.586  0.05397

55 B.9600
56 8.6700

LEFT oMs POD

84 0.1407 held4 0.10667
< ,ME NOZZILE #1

72 2.1710
LME NDZZILE #2

&7 24730

T




REN 934 CONTINUED

GAGE p
SSME NBDZZLE #3
133 2.2610

BASE HEAT SHIELD (COLD)

¥4 0.0628
20 0.0610

0be

P/PINF

1.845
1.792

P=PINF

0.02877
0.02697

—— o

PIRCL

1.020
l.000

GAGE

111

q

GAGE

b -

R




.| __“H
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RUM NUMBER= 93B
CONFIGURATION= DYS
MACH NUMBER= 4.5
ALTITUDE=121. K FT

ANGLE OF ATTACK= 0 DEGREFS

Tos= BO.0 DEG F
TET= 80.0 DEG F

GAGE P
EXTERMAL TANK BASE (LOLD)

10 0.0588
16 0.0126
156 0.0734%
157 0.,06%9
158 0-0511
159 0.0655

~ 170 0.0720
= 171 0.0827
172 0.0600

“ODY FLAP

J3RM NOZZILE
5 Q.0751
55 T.5110
56 B.2120
<3HE NOZZLE #1
T2 2.5210
SME NOZLLE #2

X4 224350

P/PINF

1.564
0.353
2.055
1.957
1.430
1.805
2.015
1.755
1.6880

2.102

P—PINF

0.,02088
~D.02312
8.03768
0,03418
0.01538
0.02878
0.03628
0.02628
0.02428

0.03938

POINF= 10.34%4 PSIA

PINFx Q.0357 PSIA

TOINF= 4#16.0 GEG F

REJFT TIKES 10{-&)= 11.82
PC123= 1475.0 PSIA

PC&:=2B8640 PSIA

PCS= 273.0 PSIA

PC123/PINF TIMES 10{~4}= 4.13

p/PCL GAGE Q
1.000 1 3.29
D.223 3 1.28
1.297 4 1.08
1.235 5 1,27
0.903 T 2altr
1.140 g 2.53
1.272 15 ~ 2abh
1.108 7 1.1%9
10560 19 1.6%

20 2405

21 1.19

28 1.22

29 0.48

GAGE

is
129
130

Q-R

Qe
0.58
Q3%
D24




I g
v

R 3B

CONTINUED

GAGE P P/PINF pP—-PINF

SSHME NOZILE #3

133 2.6570

BASE HEAT SHIELD {COLD}

eve

$

&

82 0.0582 1L.629 0.02248
1 0.0533 L2 0uDLTEB
e
&
S

&

4"

p/PCL

1.092
1.000

GAGE

111

q

1.58

G AGE

a-R

——
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RUN MUMBER= %4

CONFIGURATION= DTS
HMACH NUMBER= 4.5
ALTITUDE=121. K FT

ANGLE OF ATTACK= O DEGREES

TOB= 80.0 DEG F
TET= 80.0 DEG F

GAGE P

EXTERNAL TANK BASE (COLD}

a0y

B3R

CLME

10 0.0786

FLAP
SHROUD
E NOIILE %1
7z 2.6100
NOZILE #2
67  2.5220
NOZZILE #3

133 2.7270

P/PINF

2230

P-PINF

0.04336

POINF= 10.20 PSIA

PINFs 0.0352 PSIA

TOINF= 422.0 DEG F

RE/FT TIMES 10(—-4)= 11l.61
PC123= 146%.0 PSIA

PC4=314.0 PSIA

PC5= 250.0 PSIA

PCL23/PINF TIHES 10(-4l= 4.17

P/PCL GAGE o] GAGE
1.000 9 2.04
132
48 0.15
4% 2426

O-R

0.48

¢ o)




RUN 94 CONTINUED

GAGE

B6
BB
89
90
92
93
95
162
164

whe

p

BASE HEAT SHIELD (COLD)

0.0722
¢.0701
0.0722
0.066%
0.0661
0.,0735
0.0636
0.0681
0.0642

PsPINF

24049
lﬂqag
2+009
1.898
1.876
2.086
1.805
1.932
1.822

P-PINF

0.03696
0.03486
0.02696
0.0316%
0.03086
0.03826
0.02836
0.032B6
0.028%¢&6

pP/PCL

1.079
1.048
1.079
1.000
0.988
1.099
0.951
1.018
0.960

GAGE

103
104
105
108
107
108
111
112
115
1lé
1T
151

1.40
l.76
l1.98
1.52
1.35
2.09
1.60
0.98
1.13
1.08
1.28
1-43

GAGE

o6
99

O-R

Qb2
0.88

B
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RIN MUMBER= 96
CONFIGURATION= OF
HACH NUMBER= &5
ALTITUDE=159. K FT
ANGLE OF ATTACK= D DEGREES
T08= 80.0 DEG F
TET= B0.0 DEG F

GAGE P P/PINF P~PINF
EXTERNAL TAHK BASE (COLD)
10 0.0051 0.772 -0.00180

aO00Y FLAP

SSME NOZZLE #2

72 2.5100
SSME NOZZLE #2

67 2.5800
SSME NOZILE #3

133 2.6100

BASE HEAT SHIELD. {COLDI

g2 = 0.0093 1.172  0.00135
B6  0.0094 1.182  0.00144
88 0.0097 1.222  0.00176
8% 0.0130 1.643  0.00509
90  0.D397 5,018 0403179
92 0.0275 3.476  0.01959
93 0.0134 14694  0.00549
95 0.0143 1.807  0.00639
162 0.0125 12580 0.00459

“ 13

POINF= 2.29 PSIA

PINF= 00,0079 PSIA

TOINF= 446.0 DEG F

RE/FT YIMES 10{-&)= 256
PC123= 1430.0 PSIA

PC4&= 0.0 PSIA

pCS= 0.0 P51A

PL123/PINF TIMES lol-—%)= 18.07

precL GAGE Q GAGE
1,300 9 0.07
29 0.05
0.234 103 0.19 25
0.236 104 0.89
04244 105 0.14
0.327 108 1.31
1.000 112 2.65
04693 116 > 2.43
0.338 117 0.39
0.360 151 Da4%8
0.315

Q-R

G.02

-



92

RUN MUMBER= 97

CONFIGURATION= QT
HACH NUMBER= 4.5
ALTITUDE=151s R FT

ANGLE OF ATTACK= O DEGREES

TOB= 80.0 OEG F
TET= 80.0 DEG F

GAGE P
EXTERNAL TANK BASE (COLD}
10 00054

BORY FLAP

LEFT OMS NOZZLE

S5ME NOZILE #3)

72 2.5300
SSHE NOZILE #2

67 2.5100
SSHE NDIZLE #3

133 2.6500

P/PINF P—PINF

0.586 —0.00450

POINF= 3.15 PSIA

PINF= 0.,0109 PSIA

TOINF= 368.0 DEG F

RE/FT TIMES l0{-&b= 3.75
PCi23x 1457.0 PSIA

P& 0.0 PSIA

PCE= 0.0 PSIA

PC123/PINF TIMES 10{~4)= 13.39

P/PCL GAGE Q GAGE
1.000 9 0.08

29 0.04

66 0.28 (7}

Q-R




™~
=
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RUN 97 CONTINUED

GAGE

p

BASE HMEAT SHIELD [COLD)

82
1.1
8s
a9
eQ
91
92
93
95
l62
164

0.0098
0.0109
0.0115
0.0149
0.0412
0.0350
>0.0188
0.0071
6.014%9
0.0127
0.0218

P/PINF

0.901
1.002
1.057
1.36%
3.786
3.208
1.727
0,651
1..369
1.167
2.003

P-PINF

~0.00107
¢.00002
0.00062
0-00402
0.03032
0.02512
0.007%2
~0.00379
0.00402
6.,00182
0.01092

——

P/PCL

0.238
0265
G.279
0362
1.000
0.874
0.4556
0.172
0.362
0,308
0.52%

GAGE

103
104
105
108
111
i12
}3Y:]

G.21
0.921
1.25
1.41
T ofeh
295
%4429

GAGE

98

G.03 -
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RUN NUHBER= 98

CONFIGURATION= 0T

KMACH HUMBER= 4a5
ALTITUDE=142. K FT

AMGLE OF ATTACK= O DEGREES
T0B= 80«0 DEG F

TET= 80.0 DEG F

S-ME HOZZLE ®l

72 2.5100

SSHME NDOZILE #2

67 24600

SWHME ROZZILE #3

133 2.4500

GAGE P P/PINF P~PINF
EXTERNAL TAMK BASE (COLD}
i0 0.0060 0.385 ~0.00958
8O0Y FLAP
LEFT OM5S POD
57 0.0154 0.988 -0.00018

POINF= 4,51 P5IA

PINF= D.0156 PSIA

TOINF= 380.0 DEG F

RE/FT TIMES 10(-4)= 5.40
PCL23= 1383.0 PSIA

PC& 0.0 PSIA

pLS= 0.0 PSIA

PC1Z3/PINF TIHES 10{-%)= B.B3

P/PCL GAGE Q GAGE
1,000 9 G.19
29 050 132

S .y I el - J T T R

a-R

[




o

RUN 28 CONTINUED

GAGE

BASE HEAT SHIELD {COLD}

86
B&
a9
90
91
82
23
95
1862
16%

61¢

P P/PINF
00096 Q.516
0.0136 0.873
0.0180 1155
0.0433 2.779
0.0390 24503
0.0207 1.328
0.0155 0.995
0.0136 0.873
0.0157 1.008
0.0158 1.014

P~PINF

-0.00598
-0.001%8
0.00242
0.02772
0.02342
C.00512
~0.00008
-0.00198
0.00012
D.00022

PsPCL

0.222
0.314%
D.%#16
1.000
Q.901
G478
C.358
0.31%
0.363
0265

GAGE

103
104
105
111
112
116

Q

Q.60
036
1.34
4el?
2.22
1061

GAGE

96

Q-

0.0

R
e

ot
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RU% NUMBER= 99

CONFIGURATION= OF

HACH NUMBER= 4.5
ALTITUDE=16%9. K FT

ANGLE OF ATTACK= O DEGREES
TOB= 80.0 DEG F

TET= 80.0 DEG F

GAGE P P/PINF

EXTERNAL TANK BASE {(COLD)

10 0.0034 0.638

BODY FLAP

LEFT OHS POD

57 0.0058 1.294

SSME NOZZLE #1

T2 2.4%00

SSME NOZZLE #2

&7 244600

SSHE NOZLLE #3

133 2.56800

P—PINF

-0.00192

0.0015%5

POINFx 1.53 PSIA

PINF= 0.00532 PSIA

TOINF= 315.0 DEG F

REAFT TIMES lO{-%)= 1.99
PLC123= 1417.0 PSIA

PC4 0.0 PSIA

PLE= 0.0 PSIA

PCL23/PINF TIHES 10{—%}= 256.81

P/PCL GAGE Q GAGE
1,000 9 0.02
29 1.16

L




RLM 99 COMTINUED

GAGE P P/PINF P~PINF P/PLL GAGE Q GAGE g-R

BASE HEAT SHIELD (COLD} —_——

B2 0.0052 0.984 —0.00009 0.161 103 Na.22

a8 0.0126 2+384 0.00731 0.391 104 1.52

a9 0.0251 4o T4B 0.01981 0.780 105 2.30

30 Q.0322 6.091 0.,02691 1,000 106 052

: 91 0.03:9 6.413 0.02861 1.053 107 1.05
t 92 0.0311 5.883 0.02581 0.966 108 3.07
‘ 93 0.00T# 1.396 0.00209 0.229 111 3.69
35 0.0074 1.404 0.00213 G.230 112 3.BE

164 0.0152 2.875 0.00991 0.472 115 2.02

202 2466

15¢

L




RUM MUMBER= 100

COMFIGURATIOH= OT

HACH MUMBER=®= 4.5
RiLTITUDE=14Z. K FT

AMGLE OF ATTACK= 0 DEGREES
TOB= 80.0 DEG F

TET= 80.0 DEG F

GAGE
EXTERNAL TANKX BASE
10

BODY FLAP

AT/

| LEFT OMS POD

57
SSME NOZZLE #1

72
SSHE NOZZLE #2

67
SIME NOZZLE #3

133

p PIPINF P=PINF

{COLD)
o.0088 0,576 —0.00550

0.0237 14545 0.003836

2. 5000

2.4%00

245800

POIRF= &u44s PSIA

PINF= 0.0153 PSIA

TOINF= 356.0 DEG F

RE/FT TIHES 10(~4)= 5.33
PC123x 1449.0 PSIA

PC4 0.0 PSIA

PC5= 0.0 PSIA

PC123/PINF TIMES 10l—al= Fa.45

P/PCL GAGE Q GAGE
1.000 9 0.0
29 0.80

e ey - .




£4¢

T

RUM 100 CONTIRUED

GAGE

p

BASE HEAT SHIELD (cCOLD}

82
86
a8
89
90
21
92
93
95
164

NIDIUO)

Q
=3
rd
Q
Q

25
2 g
C o
%%
7]

0.0112
0.0140
0.0450
>0.0338
0.0303
0.01%7
0.0210
0.0224
c.0182
0.018%9

P/PINF

0.730
0.913
24933
2.203
1.275
0.958
1.369
1.460
1,186
1.232

P=PINF

“D.DD‘*I‘?
~0.00134
D.02%66
0.01846
0.014958
-0.00064
0.00566
0.00706
0.00286
C.00356

prPCL

0.370
0.462
1.485
l.116
1.000
o .%5
0,693
0.739
0.601
Q.624

GAGE

103
104
165
166
109
111
112
115
116
202

Q

> 1457
0.8%2
LIY-L
2.00
4 a3h
2.98
1.92
1.36
T.66

~ s 04

GAGE

96

Q=R

005

e




RN NUHMBER= 101

COHF IGURATION= 0T POINF= 1.53 P5IA

HACH HUMBER= 4.5 PINF= 0,0053 PSIA
ALTITUDE=16%. X FT TOINF= 324.0 DEG F

ANGLE OF ATTA(X= O DEGREES RESFT TIMES 10{—%)= 1.89
T0B= 80.0 DEG F PC123= 1394.0 PSIA

TET= 80.0 DEG F PC4 0.0 PSIA

PC5= 0.0 PSIA
PCA23/PINF TIMES 10{-4)= 26.37

GAGE P F/PINF P=-PINF P/PCL GAGE Q BAGE
EXTERMAL TANK BASE {COLD)
10 0,004} 0.778 ~0,00118 1.000 9 0.05
BOOY FLAP

29 0.79

AT

LEFT OMS POD

57 0.0075 1.415 0.00219
SSME NDZZLE ®rl

T2 2. 4600
SSHE NDZZLE #2

6t 24200

133 2.5300

e e et et o e ate e o o e kEe s
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RUN 101 CONTINUED

GAGE P P/PINF P-PINF P/PCL GAGE Q GAGE Q-R
BASE HEAY SHIELD {(COLD3

g2 0.0058 1.099 0.00052 0.258 103 0.10 96 0.07
85 0.0071 1247 0.00183 0.316 104 l.1%9 99 0.02
88 0.0066 1.243 C.00128 0.292 145 D.73
89 0.0091 1.723 0.00382 0405 106 Qa2
4] 0.0225 %2256 0.01721 1.000 107 0,74
91 0.0287 54429 Q02341 1.276 108 0.98
- 92 00336 5.%978 Qal:t31 1.404 109 1.47
93 0.0072 1.358 D.0018%9 0,319 11 T 2eTH T
?5 0.00856 L4634 0.00325 0.3204 112 430
la4 0.0269 5.08%9 2.02161 1L.196 115 6206

6Ge

el e

:E
H
H
'f i
b

,_Mﬂ.._,,_,...,.
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R NUMBER= 102

CORF IGURATION= DT

HACH NUMBER= &5
ALTITUDE=1680. K FT

AMGLE OF ATTACX= Q DEGREES
TOB= 80.0 DEG F

TET= 80.0 DEG F

GAGE p P/PINE P=PINF
EXTERNAL TAMK BASE (COLD]
10 0.0079 1.06& 0.00049

80DY FLAP

LEFT OHS POOD
57 0.0118 1.589 0.00427
35HE NOZZLE #1
T2 2.6100
2>ME NOZILE #2
Y 2-4800
T3ME NOZZILE #3

133 2.5300

POINF= 2.15 PSIA

PINF= 0.0074 PSIA

TOINF= 345.0 DEG F

RESFT TIHES 10l-4)= 2.6
PC1Z3ax 1433.0 PSIA

pCa 0.0 PSIA

PLS= G.0 PSIA

PCL23/PINF TIMES 10{~4)}= 19.29

P/PCL GAGE Q GAGE
1.000 ) 0.23
29 0.98

——




-

RUN 102 CONTINUED

GAGE P P/PINE P~PINF P/PCL GAGE Q GAGE Q-R

BASE HEAT SHIELD (COLD)

az 0.0095 l.282 0.00209 0a2T4 103 0.13 L 0.08
86 Q.011T 1.375 0.00427 0.336 oo 1.16 93 0.07
: 88 0.0100 1.3456 0.00257 0.287 106 037
i 89 G.0134 1.804 0.00597 0.385 107 1.02
i 20 0.0348 44685 0.02737 1.000 108 1.25
91 0.0378 5.089 0.03027 1.086 111 ~ GeTl T
92 0.0281 3,783 0.02067 0.807 115 6,03
93 0.0133 1.790 0.00587 0.382 iis 1.62
25 0.0134 1.804 0.00597 0.385 202 2.86
164 0.0264 3.554 0.01897 0.759

L9e

TN

e g e —

ALITVAY 900d J0
ST ¥DVd "TVNIDIHO
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RN NUMBER= 103

CONFIGURATION= OT

HACH MUMBER= 4.3
ALTITUDE=1&2, K FT

ARGLE DF ATTACK= O DEGREES
TDB= BO.0 DEG F

TET= B0.0 DEG F

GAGE
EXTERNAL TANK BASE
10

RODY FLAP

SSME NOZZILE #1

72
SIME NOZILE #2

57
SSME NOZILE #3

133

p p/PINF p~PINF
{coLD)

0.0088 0.562 -0.00686

2 24300

23600

246800

POINF= 4.53 PSIA

PINF= 0.01L57 PSIA

TOINFs 35B.0 DEG F

REJFT TIMES 10{~%}= 5.43
PCl23= 1419.0 PSIA

PC4% 0.0 PSIA

PC5= 0.0 PSIA

PC123/PINF TIMES 10(-4)= 9.07

P/PLL GAGE Q GAGE
1.000 9 0.10
29 0.80

et




RUN 103 CONTIRUED

GAGE P P/PINF P~PINF P/PCL GAGE Q GAGE Q-R
BASE HEAT SHIELD {COLD) “——
82 0,0172 1.09¢  0.00155 0.562 103 0.2 96 ¢.09
86 0.0157 1.003  0.00G05 0,513 104 5.38 99 0.06
B8 . 0.05%i 3.457 0.03845 1.758 105 3.20
90 0.033.. 1.955 0o01495 1.000 106 %.00
93 0.0i93 1.233  G.00355 0.631 107 5,19
92 0.0199 14271  §.00425 0.650 108 10.70
93 040205 1.310 0.00485 0.670 111 z.85
95 0.0175 1.118  0.00185 0.572 112 1.43
164 0.0181 1.156  0.00245 0.592 115 1.30
116 0.92
202 5.70
o -
m _
0
b
oo
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RUM NUMBER= 104
CONF IGURATIOR= OF
MACH NUHMBER= 4.5
AL i ITJDE=150. K FT
AMGLE OF ATTACKx O DEGREES
T0B= 90.0 DEG F
TET= 90.0 DES F

GAGE P P/PINF PP INF

BASE HEAT SHIELD (HEATED}

EXTERNAL TANK BASE (HEATED}?

POINF= 3.22 PSIA
PINF= 0.0l11 PSIA
TOINF= 345.0 DEG F
REZFT TIMES 10{—4)=
PCL23= 1410.0 PSIA
FL4 0.0 PSIA

PLS= 8.0 PSIA

PC123/PINF TIMES 10({-4)= 12.69

P/PCL GAGE

118
119
123

141
1562
143
144
145
146
157
148
149

2.90

> Geh3
5465
1.00

0.12
0.13
Q.11
0.6
0.10
0.08
0.07
Bal0
0.08

GAGE

Q-R

e e




RUM NUMBER= 105

CONFIGURATION= 0T

PDINF= 3.05 PSI1A
HACH NUMBER= 4.5

PINF= 0.0105 PSIA
ALTITUDE=151a K FT TOINF= 385.0 DEG F
ANGLE OF ATTACK= O DEGREES RE/FT TIHMES 10(—&)= 3.58
T0B= 605.0 DEG & PC123% 1461.0 PSIA L
TET= 590.0 DEG F PC4 0.0 PSIA
PCS= 0.0 PSIa
PCL23/PINF TIHES 10{—4)= 13.86
GAGE P P/PINF  P-PINF p/IPCL GAGE Q GAGE a-R
BASE HEAT SHIELD (HEATED) -
118 1.01
119 4a09
123 0.56
., ELTERNAL TANK BASE (HEATED)
(=2
i 141 0.08
142 0.09
143 0.07
144 0,08
145 0.05
146 0.03
147 0.05 —
148 0.06
o 149 0406
-]
58
o G2
oy
S .
@ B
o
&2
B o
EE‘J

-




RUN NUMBER= 106
CONFIGURATION= OF
HACH NUMBER= 4.5
ALTITUDE=151. X FT
ANGLE OF ATTACK= O DEGREES
TOB= S60.0 DEG F
TET= 970.0 DEG F

GAGE P P/PINF P—PINF

BASE HEAT SHIELD [HEATED)

™) ExTERNAL TANK BASE (HEATED)
™

POINF= 3.06 P5IA

PINF= 0.0106 PS5IA

TOINF= 394.0 DEG F

RE/FT FINES 10{~4)= 3.58
PCL23= 1436.0 PSIA

PCh 0.0 PSIA

pLB= 0.0 PSIA

PC123/PINF TIHES FO{—4)= 13.58

prECL GAGE Q
118 0.87
119 6625
123 0.31

141~ =027

142 0.07
143 0.13
144 =0.17
145 =012
147 0.0

148 0.10
149 0.30

GAGE

——




RUM NUMBER= 107

CONFIGURATION= OT PGINF= 3.08 PSIA

HNACH HURBER= 4.5 PINF= 0.0L06 PSIA

ALTITUDE=151a X FT TOINF= 372.2 DEG F

ANSLE OF ATTACK= 0 DEGREES RESFT TIMES 10{—&}= 3.63

TO8= 350.0 DEG F FC123= 1304.0 PSIA

TET= 300.0 DEG F PLo 0.0 PSIA o

PL5= 0.0 PSIA
PC123/PINF TIMES 10{-&}= 12,25

GAGE P P/PINF P-PINF preCL GAGE 0 6 AGE a-R
BASE HEAT SHIELD (HEATED) e
118 0.4
119 2459
123 D56
ro EATERNAL TANK BASE {HEATED)
(=]
o 141 0.04
142 0.D%
143 0005
144 Do04
145 0.04
: 146 0.03
E 147 0.03
' 148 0,04 —
149 0.04%

—— ——

Fleg P AT e
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RUN HUMBER= 108
COMFIGURATION= DT
HACH HUMBEH= &.5
ALTITUDE=LIS1l. X FT
ANGLE OF ATTAaflt= 0 DEGREES
ToB= 7T70.0 OEG F
TET= T70.0 DEG F

GAGE P P/PINF P-PIHF

BASE HEAT SHIELD {HEATED}

EXTERNAL TANK BASE (HEATED!

POINF= 3,15 PSIA

PINF= 0.0109 PSIA

TOINF= 378.0 DEG F

REJET TIHES 18i-4)= 3.7T1
PCL23= 1449.0 PSIA

PC4 0.0 PSIA

PLS= 0.0 PSIA

PCI23/PIMF TIHES 10(—4)= 13.34

PrECL GAGE Q GAGE
118 Gadd
il% 1.80
123 Q.16
14}, 0.0
i42 0.0&
143 0.0
144 003
145 +~0.05
146 0.0
147 2.0
148 0.0
149 0.0




AIITVND Yood d0
8L @DVd TVNIDIFO

RUN KUMBER= 01

CONFIGURATION= QT

HACH WUMBER= 9.0
ALTITUDE=13T., K FT

AHGLE OF ATTACK= O DEGREES
Yog= B0.0 DEG F

TET= 80.0 DEG F

GAGE i P/PINF P—-PINF

EXTERNAL TANK BASE (COLD}

10 0.022¢9 1.218 0.00410

LEFT OMS POD

57 0.0223 1.186 0.00350

SSME MOZZLE #1

72 2.5100

SSME MOZZILE #2

&7 L. 8700

SSME HDZILE #3

133 2.5800

POINF= PSEA
PINF= 0,0188 PSIA
TOINF= B0.0 DEG F
RE/FY TINES lo{-4i=
PC123= 1EAT.0 PSIA
PCk  Oo0 PSIA
PCS= 0.0 PSIA

PCL23/PINF TIMES 10i-4)=

P/PCL GAGE

1.000 g

T3
T4
V5
78

68
&9
TO

0.04%

187
1.33
1.2%
0.51




R 01 CONTIMUED

GAGE

p

BASE HEAT SHIELD (COLD}

86
1]
ge
90
g2
93
85
162
164

99¢

0.0261
0.0230
0.0231
0.0286
0.0381
0.0233
0.0215
0.0230
0.0309

P/PINF

1.389
1.22%
1.229
1.522
2.027
i.240
lal44
1.224
1.04%

p-PINF

0.00730
G.00420
000430
0.00980
0.01930
0.0045G
0.00270
0.00520
0.01210

P/BCL

0.913
0,804
0.808
1.000
1.332
0.515
0,752
0.804
1.080

GAGE

ip2
102
104
105
108
109
110
150
111
113
114
115
116
1y
151

Q.04
1.01
0.28
O.64
1.1l
1.68
.27
0.21
2.97
1.67
057
>2.58
3.15
G.79
0.21

GRGE

Q-R




L9¢

RUN NUMBER= D2

CONF1IGURATION= OT
KACH NUMBER=s 0.0
ALTITUDE=187. ¥ FT

AMGLE OF ATTACK= O DEGREES

TaB= 80.0 BEG F
TET= B0.0 DEG F

GAGE P
EXTERNAL TANK BASE (CDLDJ
10 0.0038
LEET OMS POD
57 0.0035
SSHE NOZILE #1

T2 2. 4700

SSME NOZZILE #2

67 2.3300

SSME NOZZLE #3

133 2.,5300

P/PINF

1.488

1.391

i -

P—PINF

0.00125

0.00100

POINF= PS1A

PINF= 0.0026 PSIA

TOINFx &0.0 DEG F

RE/FT TIMES 1D(—%)=

PC123= 1526.0 PSIA

PC& 0.0 PSIA

PCS= 0.0 PSIA

PC123/PINF TIKES 10(-41= 59.61

P/PCL GAGE Q GAGE
1.000 ? Ga06

73 2.65

Té 1.92

75 1.72 (D

76 0.79

68 0.96

69 1.70

T0 1.17

Q~R

o
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RN 02 CONTINUED

GAGE

]

BASE HEAT SHIELD (COLD}

86
88
89
90
92
93
95
162
164

0.0022
0.0070
0.0086
0.0153
0.0232
0.011%
0.0083
0.0101
0.0229

P/PINF

0.875
2734
34375
5976
B.281
fubn B
3.226
3.945
B8.945

pP=PINF

-0.00032
0.00444
0.00608
001274
C.01864
0.00934
0.00570
G.00754
0.0203%

P/BGL

0,146
0.458
0.565
1.000
1.386
0.778
0,540
0.660
1 -497

GAGE

102
103
104
105
108
109
110
150
111
112
1i3
il%
115
116
117
i51

D.07
0,28
Be&7
0.89
1.18
1.98
.51
0.05
2.31
1.55
> 3.29
0.7
2.29
2445
l.16
0 2%

GAGE

Q-R




RUM MUMBER= D3

CONFIGURATION= OF POINF= PSIA
MACH NUMBER= ©.© PINF= 0.0018 PSIA
ALTITUDE=196. K FT TOINF= B80.0 DEG F
ANGLE OF ATTACK= O DEGREES RE/FT TIMES 10(-4%)=
i) TOB= B0.0 DEG F PC123= 1468.0 PSIA
SR TET=  8G.0 DEG F PC4=  0.D PSIA
v C3 PCS= 0.0 PSIA
S Bl PCL23/PINF TINES 10{—4}= 82.50
S
=&
%% gg GAGE P P/PINF  P-PINF P/PCL GAGE - GAGE
EE ga EXTERNAL TANK BASE {COLD)
;2,53 10 0.0107 5.014 0,00892 1.000 9 0.02
LEFT OHS POD
: 57  0.0035 1.945  0.00168
g o
4 o .
i D sSHE NOZZLE #1
: 72 2.4800 73 2.46
: T4 1.76
‘ 75 1.32
: 76 G otk
SuME NOZZLE #2
67 243406 68 1.06
69 1.49
70 1.35
SSHE NDZILE #3

133 2.6300




o

Tk

R

RUN D3  CONTINUED

GAGE

P

BASE HEAT SHIELD {(COLD)

88
89
90
92
93
95
le2
lé4

042

6.0074
0.0093
0.0163
0.02158
0.0152
G.0083
0.0099
0.0221

P/PINF

4a148
5.210
2.161
11.690
B.543
4GB
5.564
12.420

P~PINF

0.00560
0.,00749
0.01452
0.01902
3.01342
0.00649
0.c0812
G.02032

PrBCL

Q.453
0569
1.000
1276
0.933
0.507
G607
1.356

GAGE

102
103
104
105
108
109
110
111
112
113
114
115
116
117
151

0.04
0.13
0.35
Da.62
0.89
1.80
Oa4B
1.97
>1l.62
>3.26
0.78
2-7’!’
2.70
1.31
0.15

GAGE

Q~-R

o ——




Al e et

RUN NUMBER= D4

CONFIGURATION= OT POINF= PSIA

MACH NUMBER= 0.0 PINF= 00,0085 PSIA

ALTITUDE=157+ K FY TOINF= 80.0 DEG F

ANGLE OF ATTACK= O DEGREES RE/FT TIHES 10{~4}=x

ToB= 80.0 DEG F PC123= 1540.,0 PSIA -
TET= 80.0 DE5 F PC4 D.0 PSIA

P PL5= 0.0 PSIA
. PC123/PINF TIMES 10f{—4)= 1B.12

GAGE P P/PINF p=PINF B/PCL GAGE Q GAGE o-R

| EXTERNAL TANK BASE (COLD)

10 0.0114 1.341 0.20290 1.000 9 0.05
LEFT DHS POD
o 57 0.0114 1.341 0.00290
~
— SSME NDZZLE #l
72 2.5100 73 2.22
74 1.81
75 1.37
76 0.70
SSHE NDZZLE #2 - )
67 2.3300 &8 0.65
69 1446
70 1.31
SSME NDIZLE #3 .

133 2.6000




RUN D4 CONTINUED

GAGE

[

BASE MEAT SHIELD (COLD)

i1
292
20
92
@3
95
1564

(R
~l
(%]

0.0127
0.0115
c.0186
D.0415
0.0122
0.0095
0.0334

P/PINF

1 l"gh
1.353
2.188
4.883
1.435
1.118
3.930

p~PINF

G.00420
¢.00200
0.01010
0.03300
0.00370
0.00100
0.02490

P/PCL

0683
0.618
1.000
2.231
0.656
0.511
1.796

~~

GAGE

102
103
104
105
108
109
110
150
111
113
114
115
116
117
151

Q

0-04
0.10
0.39
068
091
1.65
Ouib
o.02
4al2
0.91
Geb2
2453
> 4aT7
1.08
0.17

GAGE

96

0.06




RUN NUMBER= 05

CONFIGURATION= OT
MACH MUMBER= 0,0

2.6400

P T

P/PINF  P—PINF

lal61 0.00720

o0 ALTITUDE=115, K FT
=59 ANGLE OF ATTACK= 0 DEGREES
Eg TO0B= B0.0 DEG F
g TET= 80.0 DEG F
:»)
a3
o2 GAGE P
ada
7] EXTERMAL TANK BASE {(COLD)
LEET OMS PUD
o 57 0.0518
|
W SSME NOZZLE #l
72 2.,5000
SSME NOZZLE #2
67 2.3700
| $SME NOZZLE #3
133

POINF= PSTA
PINF= 0.0446 PSIA
TOINF= 80.0 DEG F

REZFT TIKES l0l-4l}=

PCl23= 1546.0 PSIA
PLeA 0.0 PSIA
PCE= 0.0 PSIA

PC123/PINF TEIHES 10{-&)+

P/PCL GAGE

73
T4
76
169

68
59
T0

Q

0.75
l.40
0.65
0-0

0.32
C.56
0.89

347

GABE




RUN PS5 CONTINUED

BAGE

P

BASE HEAT SHIELD (COLD)

86
89
90
92
93
162
lb4

™
~J
K=Y

D.0422
0.0475
0.0474
0.0505
0.0452
0.0415
C. 0440

P/PINF

G346
1.065
1.063
l.132
1.013
0.930
J.986

p-PINF

~0..00240
0.00290
0.00280
c.00590
0.00060
-0.00310
-0.00060

P/PCL

0.890
1.002
1.0300
1.065
0.954
0.87%
0.928

GAGE

102
i03
104
1G5
108
109
119
150
111
113
114
ils
117
151

0.12
0-11
0013
0.20
0.51
Q.69
0.18
0.05
Ga70
0.33
0.35
1.0%
¢.38
C.07

GAGE

S5

0,03

g i

—— ———




GLE

RUN NUMBERE D&

CONFIGURATION= OT

KACH NUMBER= Q.0
ALTITUDE=L16. K FT

ANGLE OF ATTACK= 0 DEGREES
TOB= 80.0 DEG F

TET= 80.0 DEG F

GAGE
EXTERNAL TANK BASE
10
LEFT OMS POD
57
SSME NOZILE #£1
72
SSHE NOZZILE #2
Y]

SSME NOZIILE #3

133

P P/PINF P=PINF

(COLD}

0.0484 1.1058 0.00459

D.0476 1.087 0.00372

2+%600

2.3400

226200

POINF= PSIA

PINF= 0.0438 PSIA

TOINF= 80.0 DEG F

RE/FT TIMES 1G{-%}=

PC123= 1599.0 PSIA

PC& Q.0 PSIA

PC5= 0.0 PSIA

PC123/PINF TIMES 10{-4}= 3.6

preCL GAGE Q GAGE
1.000 g 0.03
T3 0.81
T4 1.90 t
&9 C.50
70 La54

Q-R




RUN 06 COMTINUED

GAGE

P

BASE HEAT SHIELD (COLD)

86
ae
B89
20
92
93
95
162
164

9.2

0.0491
0.0479
0.0481
C.0474
0.0511
0.0495
Ce 0874
0.0472
0.04%8

P/PINF

le121
1.093
1.098
1.082
1.166
1.130
1.082
L.0FT
1.137

P—PINF

0.00529
0. 00499
Co00&29
0.003%59
0.00729
0.00562
0.00359
0.0033%9
0.0059%

P/PLL

1.036
1.011
1.015
1.000
1.078
1.044
1.000
0.996
1.051

GAGE

102
ig3
104
1056
109
150
111
112
113
31
117
151

a

0.03
0.09
[ ¥
0o24
0.62
0,03
0.98
Q.68
0.79
i.563
Q.61
0.06

GAGE

e-R

—




RUN NUHBER= D7
CONFIGURATION= OF

POINF= PSIA

R

oty

A

= MACH NUNBER= 0. PINF= Dol460 PSIA
o 5 ALTITUDE= Bb6a K FT TOINE= 80.0 DEG F
- Eg AHGLE OF ATTACK® O DEGREES RESFT TIMES 10(—4l)=
B TOB= Q0.0 DEG F PCI23= 1535.0 PSIA
S TET= 80.0 DEG F PC& 0.0 P5IA
= g PC5= 0.0 PSIA
PC123/PINF TIMES 10{~4)= 1.05
L
S
o
&= GAGE p P/PINF P~PINE P/PCL GAGE Q GAGE
<t EXTERNAL TANK BASE (COLD}
10 0.1590 1.089 0.01299 1.000 9 0.02
LEFT OHS POD
57 0.1450 0.993 -0.06101
s S3HME NOZZLE #1
iy
73 0,19
‘ T4 0.80
S3ME NOZILE #2
49 022
70 0.27
BASE HEAT SHIELD (COLD)
‘ g6 0.1660 1.137  0.01999 1.037 102 0.02
| 88 0.1510 1.103  G.01499 1.006 150 0.0
: a9 D.1620 1.110  0.01599 1.012 111 0.15
90 0.1600 1.096 0.01399 1.000 112 0.03
92 D. 1600 1.096 0.01399 1.000 113 0.13
93 0.1620 1.116  0.01599 1.012 114 0.0
95 0.1440 0.986 ~0.00201 0,900 116 0.26
162 0.1600 1.096 0,01399 1.000 117 0.08
164 041640 1.123  0.01799 1.025 151 0.0




RUN NUMBER= D8

CONFIGURATION= OT POINF= 1.54 PSIA

MACH NUHBER= 4.5 PINF= 0.0053 P5XA —
ALTITUDE=169. K FT TOIMF= 340,03 DEG F

ANGLE 00F ATTACK= O DEGREES RE/FT TIKES 10({-4)= 1.88

ToB= 80.0 DEG F PCL23= 0.0 PS1A

TET= BO.0 DEG F PC% 0.0 PSIA

PC5= D.0 PSIA
PC123/PINF TIMES 10(-4)}= 0.0

GAGE P P/PINF P—PINE p/PCL GAGE Q GAGE a-R

EXTERNAL TANK BASE (COLD}

10 0.0058 1,084  0.00D45 1.000
BASE HEAT SHIELD (COLD)
[}
= a6 0.0087 1,645  £.00343 0.000
88  0.0065 1,212 0.00113 0.000
89 00069 1,302 0.00161 0.000
92 0.0069 1.269 0.00154 0000
93 0.2076 1.434  0.00231 0.000
95  0.0055 1.028  0.00035 0.000
162 0.0059 1.107  0.00057 0.000

164 c.0078 l.472 0.00251 0.000




bL2

RUN NUMBER= DIl
CONFIGURATION= OT
MACH MUMBER= 4,5
ALTITUDE=111. K FT
LNGLE DF ATTACLK= O DBEGREES
TOB= 80.0 DEG F
TET= B0.0 DEG F

GAGE P P/PIMF
EXTERNAL TAMK BASE (COLD)
10 0.0181 Gs346

BASE HEAT SHYIELO (COLD)

as 0.0436 0.833
88 0.0353 Q.674
89 G.04&02 0.768
9a 000396 0.757
{2 0.0393 0.7T51
93 G.0429 0.820
95 0.03567 0.701
162 0.06373 0.713
lo4 0.0373 G.713

P=PINF

~0.03424%4

-0.00874%
~0.01T04
=0.r1214
—0.01274
~0.01304
=0.00944
-0.,01564%
-G.01504
-0.01504

e

POINF= 15.15 PSTA

PiNF= G.0523 PSIA

TOINF= 480.0 DEG F

RE/FT TIHES 1C{-%4}z 16.48
PLi23= 0.0 PSIA

PLY 0.0 PSIA

PL5= D.0 PSIA

PC1Z22/PINF TIHES i0{~4)= 0.0

P/PCL GAGE Q GAGE Q-R

1.000 9 0.11

1.101 111 0.23
0.891
1.015
1.000
G.9%2
l.083
0.927
0.942
0.942




RUN NUMBER= D12

CONFIGURATION= OF POINFE=  1.51 PSIA -
HACH HUMBER= %5 PINF= 0.0052 PSIA

ALTITUDE=16%. K FT TOINF= 366.0 DEG F

ANGLE OF ATTACK= O DEGREES RESFT TIHES 10{~4)= 1.30

Tog= 80,0 DEG F PLL123= 0.0 P5SIA

TET= 80.0 DEG F PCh 0.0 PSIA

PLS= 0.0 PSEA
PC123/PINF TINES 10{-4)s 0.0 —_——

GAGE P P/PINF P-PINF p/PCL GAGE Q GAGE R
EXTERMAL TANK BASE {COLD)
10 00050 0.951 ~0.0002& 1.000 - —

BASE HEAT SHIELD (COLD)

B6 0.0080 1,541 0.00282 14147
N 88 0.0063 1.213  0.00111 0.903
& 89 0.0069 1.319 0.00166 0.982

90 0.0070 1.34%4 0.00179 1.000 —_—
52 0.0068 1.296 9.00155 0.956
; 93 0.0077 1.478  0.00249 1.100
] 95 0.0064 1.225 0.00117 0.512
: 162 0.0065 1.250  G.00130 0.930
164 3.0064 1.221 C€.00115 0.909

e

——
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RUM NUHMBER= D13
CONFIGURATION= OFT
MACH NUMBER= 445
ALTITUDE=111l. K FT
AMGLE OF ATTALK= O DEGREES
T08= 80.0 DEG F
TET= 80.0 DEG F

GAGE P P/PINF P—PIKF

EXTERNAL TAMK BASE {CELD)
10 0.0620 1,196  0.0101L4

80CY FLAP

LEFT oMs5 POD

LEFY OMS NOZZILE

SSHE NOZILE #1
72 Z.0B00

SSME NDZZLE #2
a7 2. 1600

S ME NOZZILE 83

133 2.2800

POINF= 15.01 PSIA

PINF= 0.051% PSIA

TQINF= 438.0 DEG F

RE/FT TIHES 100—4)= 10.87
PCL23x 1567.0 PSIA

PC4 G.0 PSEA

PLS= Ca0 PSIA

PC123/PINF TIMES 10{—4)= 3.02

p/PCL GAGE Q GAGE
1.000 2 > le61
132
63 G.08
56 0.0
T3 1.09
T4 2451
75 3.00
T6 1.23
68 0.15
&9 0.92
T0 1.91

0.0




RUN D13 CONTEIMUED

GAGE p P/PINF P—-PINF P/PLL EAGE Q GAGE Q-R

BASE HEAT SHIELD (LOLD)

. a6 0.0531 1.024 0.00124 1,090 102 0.27 96 0.07
88 0.0463 0.893 ~0.0055% 0.951 103 0.26 97 0.0 : :
89 0.0533 1,028 0.00144 1.094 104 0.17 99 0.0 . - —
90  0.0487 0.939 ~-0.00315 1.000 165 0.24
92  0.0484 0.933 ~0.00346 0.994 108 G.42
93 0.0511 £.985 ~—0.00076 1.049 109 £.32
95 0.0490 0.945 -—0.00289% 1.006 110 0.0
162 0.0489 0.943 —0,002%6 1.004 150 C.30
166  0.0485 0.935 =0.00336 0.996 111 0.58
112 0.65
113 6.95 T
114 0.53
116 > 1.36
17 1.15
151 0.21(?) '
ra
oo
3 —
L
1
I

-
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RUN NUMBER= D14

CONFIGURATIOQH= OT
HACH HUMBER= 4.5
ALTITUDE=170. R FT

ANGLE OF ATTACK= 0 DEGREES

TAB= 80.0 DES F
TET= B0.0 DEG F

GAGE B

EXTERNAL TANK BASE (COLD)

8O0y

LEFT

£8¢

SSME

5542

LS ME

10 0.0387%9

FLAP
OHS NOZILE
NOZZLE #1

T2 2.2300
NOZZLE #2

67T Z2.2900
NOQZZLE &3

133 243600

POINF=  1.45 PSIA

PINF= 0.00"0 PSIA

TOINF= 35%,0 DEG F

RESFT TIMES 10l—4)b= 1.74
PCl23= 1577.0 PSIA

PC4 0.0 PSIA

PCS= 0.0 PSIA

PCL23/PINF TIMES 10{~%}= 31.37

p/PINF P—-PIKF P/PCL GAGE @ GAGE
1.570 0.00286 1.000 9 0.13
132
66 0.0

T4 1.88
75 1.92
T8 D.87
68 1.18
&9 1.87
70 1.07

L e




s

RUN D14 CONTINUED

GAGE [ P/PINF P-~BINF P/PCL GAGE 2 GAGE QR

BASE HEAT SHIELD {COLD)

86  0.0113 2.248  0.00627 g.523 102 0.12 96 0-10
88 0.00699 1.975 0.00490 Nuéb0 103 c.18 97 0.0 -
89  0.010% 2.009 0.00507 CehbB 104 0.46 99 8.0 : ——
90  0.0216 4,297 0.01657 1.000 105 0.92 : :
92 0.,0457 5,290  0.04167 2,162 108 1.10
93 0.0096 1.914  0.0045% 0445 109 1.54
95  0.0078 1.546  0.0027% 0.360 110 0.65
162 0.011% 2.268  0.00637 0.528 150 0.06
164  0.0354 7.042  0.03037 1.639 111~ 462
112 ~5.03
113 3.41 T
114 0.94
116 6.78(7)
117 1.1
151 0.30

3%
co
=

prepesgrie

g e
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RUN NUMBER= D16
CONFIGURATION= OT
MACH NUMBER= 0.0
ALTITUDE=201. K FT
AHGLE OF ATTACK= O DEGREES
i08= 80.0 DEG F
TET= B0.0 DEG F

GAGE P P/PINF P—PINF

EXTERNAL TANK BASE (COLD)
10 g.0029 1.941 $.00140

80Dy FLAP

LEFT OMS POD
57 0.0054% 3640 0.00393

LEFT OMS NOLZLE

SSME NOZZLE #1
T2 2.0900

SSME NOZILE #2
6T 2.0700

SSHE NOZZILE #3
133 2.0%900

POINF= PSIA

PINFz Q.0015 PSIA

TOINF= B0.0 DEG F

RE/FT TIKES 10(-4)=

PC1l23x 1527.0 PSIA

PC4 0.0 P5IA

PL5= 0.0 PSIA

PCL23/PINF TIMES 10{-4)=102.54

P/PCL GAGE Q GAGE R
1.000
132 .0

66 0.0

T3 3.T2

15 1.62

76 0.87

68 lo40

69 1.71

70 1.3%

e oy g




Feduie A i voviol

M

RUM Dl& CONTINUED

GAGE

BASE HEAT SHIELD {COLD)

8bé
88
90
92
93
95
162
164

982

0.0258
0. 0091
0.0095
0.0312
0.0167
0.00G88
0. 0094
0.0260

P/PINF

16.610
6el0%
64407

20,952

11.215
5.910
652319

1T7.450

P—PINF

001631
0.,00760
0.030805
0.02971
0.01521
0.00721
0.00792
D.02451

P/PLL

1.656
0.953
1.000
3.270
1.751
0,922
0.986
2725

GAGE

102
103
104
105
10¢6
107
108
110
il
112
113
114
115
11é
117
151

.04
0.09
6.38
0.86
D66
1.05
04.37
2095
6e13
3.48
G99
28/
f 2eF
T 1,23

0.56

GAGE

.0
0.0
0.0
007

-




RUN NUMBER= D17
"CONFIGURATION= OT
"HACH NUMBER= ©.C
-ALTITUDES15% K FT
ANGLE OF ATTACK= O DEGREES
fo08= 89.0 DEE F
. YET= B0.0 DEG F

GAGE P R/PINF P-PINF

" EXTERMAL TANK BASE (COLD)

8

© 10  0.0100 1,261  0.00219
LEFT OMS POD
57 0,0091 1.168 0.00131
ssaE-NdZZLs 1
o 72 241700

'SSME ‘NDZZLE #2. _
| o 67 2»2100

SSHE NDZZLE #3

333 2.4200

POINF= PSIA

FINF= 0.0078 PSIA

TOINFx= B0.0 DEG F

REFFT TIMES 10(—8)=

PC123= 151B.0 PSIA

PC4 0.0 PSIA

PLS= 0.0 P51A

PCL23/PINF TINES 101{-4)= 1%.4%

P/PCL GAGE Q GAGE
1.000

3 2.67

75 1.T5

76 0.70

10 1.28

——_ i




RN DLT CONTIHUED

GAGE

P

BASE HEAT SHIELD (COLDD

88¢

aé
a8
89
0
92
93
95
lé%

0,00%4
0.0113
0.0110
0.0260
Q.0384
0.0357
0.0078
0.0322

P/PINF

1.200
1447
1409
3.330
4,918
2.011
4el2h

P~PINF

0.00156
0.00349
0.00319
G.01EL9
0.03059
0.00789
0.00003
0.02439

P/PLL

0.360
G435
0.423
1.000
1477
0.604
0.302
1,228

GAGE

102
103
104
105
106
107
108
109
iig
111
112
113
114
115
117
51

e

Q

010
0.03
.45
0.87
0.33
Q.57
0.96
0.99
0.65
3.16
4498
2“73
0.0%
5-12
.98
D.45

493

GAGE

101

0,05




RUN NUMBER= DI8
CONF IGURAT ION= OT
MACH NUHBER= 0.0
ALTITUDE=17%e K FT
ANGLE DF ATTACK= O DEGREES
ToB=  B80.0 DEG F
TET= 80.0 BEG F

GAGE P F/PINF P-PINF
EXTERNAL TANK BASE [COLD)
10 C.0061 1.409 0.,00177

800Y FLAP

SSHME NOZZILE #)

682

72 1.9600

SSME NOZZILE #2
&7 2.0800

SSHE NOZILE #3
133 2.0100

POINF= PSIA

PIMF= 00043 P3IA

TOINFx Q0.0 DEG F

RE/FT TIMES 10{—-4)=

PCL23x 1443.0 PSIA

P& 0.0 PSIA

PCS= 0.0 FSIA

PC123/PINF TIMES 10i=%)= 33.33

p/eCL GAGE a
1.000 g Oell
205 0.0
73 305
T5 1.56
16 Geb®
159 .0
L1 0.0
69 Q.39
70 1.27

GAGE

122

Q-8

P




B (R R

B ik i 5

AN D13 CONTINUED

. GAGE

*

BASE HEAT SHIELD {coLm)

86
88
B9
o0
oz
93
95
164

06¢

00060
D.0p82
0.0101
0.0280
0.0310
0.0093
0.0052
0.0192

PFPINF

1,377
1.8%2
2,333
G e4h8
Tol61
2155
1.234
&rahA5

L

P-PINF

0.00163
0.00386
G.00577
0.02367
VeD2EET
0.00508
0.00101
0.01437

p/PCL

0.213
D.2%2
0.361
1,000
1.107
0.233
0.1%91
0.656

GAGE

102
103
104
105
107
108
150
111
112
113
114
1is
ils
117
51

0.06
0.335
.59
1.3%
Q.68
1l.50
G.12
3.51
412
207
r~ Qafb
~3a4D
“"3020
0.88
Bath

GAGE

96
9T
99
0l

(87}
0.0
8.0
D32




RUN MNUMBER= D19

COMFIGURATION= OT
HACH NUMBER= GO

POIMF= PSIA
PINF= B,.0061 PSIA

] g ALTITUDE=165. K FT TOINF= 80.0 DEG F
o ANGLE OF ATTACK= O DEGREES RE/FT TIMES 10(—%}=
G2 TOB=  80.0 DEG F PC123= 14T2.0 PSIA
Qi TET= 80.0 DEG F PC4 0.0 PSIA
= = PESE 0.0 PSIA
: PCL23/PINF TIMES 10{-&)= 2413
2
=3
=] GAGE P P/PINF  P-PINF p/PCL GAGE @ GASE Q=R
a =
(Y] EXTERNAL TANK BASE (COLD)
10 8.0086 1.403  0.00246 1.000
BODY FLAP
132 0.0
LEFT OM5 POD
s 57 0,015T 2.573  0.06960 53 8.0

LEFT OHS NDZZILE

86 0.0
SSHE NOZZLE #1
72 1.9000 73 2.02
75 1o41
76 0.86
169 G.38
| SSME NOZZILE #2
[ 67  2.0600 59 0,37
70 1el4

SSME NOZZILE #3

133 2.2000




é6¢

RUH D19 CONTINUED

GAGE

P

BASE HEAT SHIELD (COLD)

86
1)
89
20
g2
95
164

0.0080
0,010%
0.0123
0.0255
0.0287
0,.0070
0.0200

P/PIRF

1.305
1.786
2.016
%elT9
4o T0%
1,147
3.278

P~PINF

0.001686
0.00480
0.00629
0,01940
0.02260
0.00090
0.01390

P/PCL

N.312
0427
0.482
1.000
1.125
0.275
G784

GAGE

102
103
104
105
106
197
ro2
109
110
150
11z
112

115
il16
117
151

0,05
B.29
052
l1.11
.48
106
1.06
56
0.52
Ga.21
2ol
2aZb6
[
8'0 75'
%455
1.80
[P

GAGE

9&
~7
99

11y N

Q-R

Uul-
Lt

Do

D06 -

Ppm——
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AN NUMBER= D20
CONFIGURATION= OT
MACH NUKBER= .0
ALTITUDE=212. K FT
ANGLE OF ATTACA= O DEGREES
Tha= 80.0 DEG F
TET= B0.0 DEG F

GAGE P P/PINF P=PIRF
EXTERNAL TANK BASE (COLD)
10 0.0010 1.076  0.00007

BODY FLAP
LEFT OMS POD
LEFT OMS NOZZILE

SSHE NDZZLE #1
2 1.9000C

SSHE NOZZLE #2
67 2.0300

SSME NOZZLE »3

133 2.26000

FOINF= PSIA

PINF= 0,0009 PSIA

TOINF= & 0.0 DEG F

RE/FT TIHES LO{—%)=

PC123= 1453.0 PSIA

PC& 0.0 PSIA

PCS5= 0.0 PSIA

PCL23/PINF TIKES 10(-41=156440

P/PCL GAGE a GAGE
1.000 9 0,06
132
58
66 0.0
73 2.76
75 1,87
Té 0,89 (7)
69 0..32
70 1.25

g-f

Q.0

G0




pUN D200 CONTINUED

GAGE

BASE K3AT SHIELD (COLD)

t

62

aé
88
89
20
92
23
95
162
164

0.0049
0. 0074
0.0092
0.0252
0.0232
0. 0260
0.0050
0.0102 (3
0.0230

P/PINF

5.220
Ta922
9,892
27124
24972
2T.9B6
S.436
10.979
24756

P--PINF

0.00392
0.005843
0.0CB26
0.02427
0.02227
G.02507
0.00927
0.02207

P/PCL

0.192
0,292
0.365
1.000
0.921
1.832
Q«200
G405
0.913

GAGE

102
102
104
165
107
o8
1ip
150
11l
112
113
11%
115
116
17
151

G010
027
053
0.9%
9.79
1-C9
Oehl
0.15
2.01

RIS

2498
0.55
2435
2.78
1.12
048

BAGE

]
9%
99

101 -

0604

C Bl
. QeD
R

——— -
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R RURBER=DIAG

COMFIGUAATEOHN= OTS
MACH NMURDER= 4.5
ALTITUDE=LA%. K FT
ANGLE §F ATTALK= 0 DEGREES
T08= 80.0 DEG F
TET= 80,0 DEG F

GABE

P

EXTERMAL TANK BASE (COLD)

i
B5RM SHROUD
Hdy
o 45
(]
[ )
LEFT OMS PDD
57
S5HE NDZZLE #1
T2

0.0831

0.0053

Da1l20

Q.0059

0. 0447

B84S5€ HEAT SHIELD (CDLD)

B
an
aw
S
e
od
93
95
162
16k

0.00%6
0.0074
0.0085
Q0104
0.0889
0.0087
0.,0122
0.0091
t.0673
c.0qQat

PSPINF

9,927

0.377
Ba421

0e%15

Q677
0,523
C.601
0.736
Qo428
D614
0.8563
0 «548
0.515
0.&16

P~PINF

~0.081035

~0.00880
0.310487

~0,.00826

‘—0000"&56
-0.0057%
~0.00564
-0-00373
-0.00525
~0.06545
-0,001%93
~0.00428
-D.00685
000542

e e Rt

POIAF= 4,09 PSIA
PIfF= 0.0141 PSIA
TOINF= 400.0 DEG F
RESFY TINES MM —4)=
pCl23= 9.0 P5IA
PL& = 0.0 PSIA

PCS= Q.0 PSIA

L L

PCLZ3APINS TIMES 10{-4)=

P/PCL GAGE

1.0409 9

49
50
53

0.920
D.721
0.816
1.000
D854
0.335
1.173
0.880
0,700
0.837

0.9

f.95
Q.48
8.08

GIGE

A

—— -
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