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PRESSURE AND EEAT TRANSFZR TESTS Cr THE 0.0Z23-

AS

4

SCALE SPACE SHUTTLE PLUME STMULATICHN MODEL (19-0T3

IN THE NASA/CALSPAN LUDWIEG TUBE WIND TUNNEL (IHT3)

by
Jd. W. Poust C. E. Wittlif?
Rockwell Internaticnal and Calspan Corporation
Space Systems Group
ABSTRACT

Test IHT> was conducted in the H“SA/C& span Ludwieg Tube Wind
Tunnel to determine neat transfer znd rressure distrivutions and g=s
recovery temperatures in the base regions of =z rccket firing model of
the space shuttle integrated venicle, The distritutions are a direct
result cf rocket plume gas recirculation and impingement at simulated
first-and second-stage fliznt trajectcry conditions. e oojective of
this test was to extend the existing experimental data envelope to
higher Mach numbers and altitudes.

First-and second-stage flight trajectory conditions were simulated
by simultanecus flow of the space snutile model rocket engines and
Ludvieg Tube Wind Tunnel into a vacuum envirorment. First-stage fliznt
consisted of space shuttle main engine (SSME) and SRB rocket motor
sirmulation. Second-stage flignt consisted of SSME simulation énly. The
Ludwieg Tube Wind Turnel simulated Mach numbers of 3.5 and L.5 over an

altitude range of 100,000 to 170,000 feet with varying tunnel total

=

temperature, model angle-of-attack, nozzle gimbal angle, and SRE cheamber



ABSTRACT (Concluded)-

pressure. ror first-stage fliznt, the altitude range was 100,000 %c
& > (=] bd = 2

140,000 feet at iacha 3.5 and 100,000 to 140,000 feet at Mach L.5. TFer
2 o ’ b4

ot
w
ct

seccnd-stage flight, the zltitude range was 130,000 to 170,000 fee

1

Mach 4.5,

A1l objectives of Test IHTS were fulfilled. Four runs were ovtained
at Macn 3.5 to collect repeat data to verify that IHTS test technicues
would produce satisfactory data. At Mach 4,5, twenty-three Firsit.sizge
runs and fifteen second-stage runs were obtained.

Tabulated neat transfer and pressure datc are not presented with
this report; they may bve ovtained as shown in Appendix A. Gas recovery
temperature data derived from the thirteen gas temperature probe runs
are presented in Appendix B.

The model configuration, instrumentation, test procedures, and data
reduction are described in this report.

Procedures and data from the flow calibration of the Mach 3.5
nozzle used with the Ludwieg Tube Wind Tunnel for Test IHTS5 are presented

in Appendix D.

iv
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INTRCIDUCTICH

Mot being =z conventiional rocket leunch vehicle, the space shuitle

experiences ccmolex heating and pressure cencitions in its base regions

during first-and second-stage ascent due to solid rocket bcoster and

engine plume intersction in the presence of the surrounding alrstreaz.

=
7

Since these neatv transfer and pressure conditions cannot te acdeguatel

)

defined by existing analytical methods, they must ve determined

v
v

experimentally. The experimental data will assist the design of thermal

protection in the space shuttle vehicle vase regicns.

Tais investigation, Test IHTS5, was underiaken to measure nheating
rates znd pressures and To determine zas recovery temperatures in the
base regions of a scaled mocdel of the space shutile vehicle with orovi
and SRB firing rocket engines simulating plume recirculation =znd
impingement in an altitude envircnment. Forty-two runs were obtained
Mach 3.5 and 4.5 with various altitudes and various model parzmeters
simulating numerous shuttle first-and seccnd-stage fligat trajectory
conditicns. The model parameters included angle-of-attack, nozzle

gimbal angle, and 3SEB chamber pressure. Tne resulis of the investiza
=} 2 =

are presented in tnis report.

ter
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NCMENCLATURE

PLOT
STBOL MAEICNIC DEFINITION
Tunnel Parameters (Freestream)
M MACH Mach number
PALT altitude pressure, psi
P PS static vpressure, psia
Py PO stagnation pressure, nsia
Re REB Reynolds number, l/ft )
T, static temperature, °R
Ty TO stagnation temperature, °R
o, atsolute viscosity, lb-sec/ftl
Model Parameter
a ALPHA or ALPHAB angle-of-attack, degrees
BEI ELEVON CONF. invoard elevon deflection, degrees
8E0 ELEVON CONF, cutboard elevon deflecticn, dezrees
2 SRB and SSME nczzle gimbsl pitehr angle, dezrees
Y SRB and SSME nozzle gimpel yaw angle, degrees
Pressure and Heat Transfer Parameters
CAL oscillograpn calivration, mV/in or V/in
DEFL measured deflecticn on oscillograpn, incies
GAIN system zain
Ky thin-filn gauge calibration sensitivity, nrs/oﬁ
K' thin-film gauge sensitivity corrected for

sbrasion and normal wear, onms/OF



NCMEICIATURE (Contiaued:

PLOT
SYMBOL MITEMCIIC DEFINITICN
Pressure and Heat Transfer Parameters
P PRESS absolute pressure, psi=z
PReE transducer pre-run ambient pressure, psi
. . . =}
o] heat transfer rate, BTU/ft-sec
Cp ) analog g-meter proportionality factor
Ry . thin-film gauge calibration resistance, cums
Rg, thin-film gauge circuit line resistance, onms
Ry thin~film gauge measured pre-run resistance,
including line resistance, onrs
S pressure transducer ca2libration sensitivicy, mV/osi
—
Gas Recovery Temperature Parameters
2
A wire cross sectional arez, c¢cm
D wire diameter, cm
h convective heat transfer coefficient, cal/sec-
cn©-%K
e n corrected convective heat transfer coefficient,
cal/sec-cmc-9K
k wire thermal conductiviiy, cal/cm-sec=-%%
J wire length, cn
q heat input to the wire from tie gas, cal/sec
qj neat due to current Ilow, cal/sec
a heat conducticn tc wire supports, cal/sec
Uy heat loss by radiztion from the wire, cal/sec



PLOT
SYMRBOL MITEMOITIC DEFINITION
- Gas Recovervy Temperature Parameters (Continued)
1g neat accumulated in thne wire, cal/sec
qwg neat gained by radiztion from the gas, cal/sec
Eq wire resistance av T,, chms
Ry, measured wire resistance, ohms
T, initial wire temperature, °K (20°C)
Ty gas recovery temperature, °K
Trc Tr corrected zas recovery temperature, °K
Ty wire support temperature, °K
Ty vire temperature, 9K
Ty mean wire temperature, °K
X distance along the wire, cnm
o, 3 : R~-T curve it coefficients
v raranmeter \,/h/KD, -
lo3ed
T ccnstant
lo wire resistivity at Te(og = ROA/'[), ohn-cn
Subtscripts
1, 2 denotes long and short wires



CHFIGURATICNS IIiVESITIGATED

ne

The model configuration for Test IHTS wee a 2,02Z5-scale version cof

B

the space shuttle integrated vehicle., Designzted 19-073, tne model

employed short-duration, rocket firing technigues to simulzate the vehicle
rocket plumes durinz ascent. Trhe space shutile ma2in engines (38¥E's)

ourned hydrogen and oxygern gzsa2s, and the so0lid rocket boosters (SEB's)
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burned a solid provellant (ANB-30£6B) to simulat
stage rocket plumes a2t one-nalf full-scale chamber gressure.

The integrated venicle model consisted of the orbiter, external tank
(ET), and solid rocket boosters (SRB's) designed to outer meld line
vehicle 5 specifications.

Crbiter

The wing, vertical tail, and vody flap simulated planform, contour,
and thickness distribution. Deflective split elevens were sinmulated con
the wing. Inboard elevons deflected +5, +10, and +15 degrees; outbozard
elevons deflected -5 and +5 degrees. Zlevons remained fixed thrcughout
Tast IHTS at +10° inboard and 0° outbosrd. Tae rudder on *he verticsl
tail was not simulated. The bedy flap remained fixed in the ncninzal
position (zero deflection).

2
)

The base heat shield was divided into four segments to Tacilitate
gimbal angle changes and to provide ezsy access to the instrumentation.
Nozzles

SSME 2nd SRR nozzle internal surfaces were geometrically duplicated.

External surfaces were smooth except for one extra SSME nozzle wnich



CONFIGURATICNS INVESTIGATED (Continued)

simulated the external hatbands; the hatband nczzle was used in the 1
SSME location during gas temperaiure probe runs. SSME and SRB nozzle
walls were structurally thickened to withstand nozzle heating.

Botn SSME and SRB noizles nad gimbaling capability. Gimtal angle
blocks defined specific pitch and yaw nozzle displacements. When
reguired, each gimbel olock rctated 2bout its central axis to simulate

various gimbzl configurations; all gimbal blocks were designed to be

positicned at 45-dezree intervals around the circumference., Iiull

[EY
[9)]

position for the SZME and SRB nozzles was as folleows:

n
(@]

#L SSME: Pizch = 16° up, Yaw
#2 and #3 SSME: Piten = 10° up, Yaw = O
For both SSME and SRB nozzles, deflections were as shown in Fizure 1.
Two non-firing S5ME nczzles were provided with the model for
simulating engiﬁe-out operation. Althoush trne two non-firing nozzles
could replace any of the three Iiring ndzzles, they were not used Ior
this test program.
CMS nozzles were non-functional. They were simulated internally
and externally at their "stowed" ascent position which is six degrees
piten dovn from null and seven degrees yaw outboard from null.

External and Support Hardware

Zxternal and support hardware on the orbiter, ET, and 3RB's were

not simulated except for the aft support nardware on the ET consisting of
- Prgiey =]
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CONFIGURATIONS INVESTIGATED (Continued)

struts, cross beam, diagonal cross strut, and LOo and Lids feed lines.
These hardware were simulated to scale out were not detailed or capable
of carrying support loads.

Support between the orbiter and externzl tank was provided by an
zdapter which contained propulsioﬁ supply passeges, autovalve control
vassazes and instrumentation wire passages. Tne adapter also provided
a mounting surface for the orbiter wing.

Tne SRB's were supported at the center of the external tank oYy
mounting pads. A small strut also atiached just afv of the SREB nose.
The mounting pad provided for ignition gas passaze tc the SRB and a

transducer installation to monitor chamber pressure.

P
Model Support
A thin-blade stirut was mounted fto the bottor of the external tank.
The strut was bolted to a base fixture which was rigidly mounted to the
floor of the Ludwieg Tube Wind Tunnel receiver tank. Taus, the model
was mounted upright just downstream of the nozzle exit. Mocdel angle-of-
attack was determined by the bolt nhole patiern at the struz/base fixture
interface.
Nomenclature
Nomenclature for model 19-CTS was as Tollows:
Component Definition
3zy fuselage dody
Ci5 canopy
—

11



CONTIGURATIONS INVESTIGATED (Continued)

Comnonent Definition
63 elevon
Fi4 body flap
My CMS pod
lige MS nozzle
Nl SSME nozzle
Vs vertical tail
129 wing
Sc2 solid rocket tooster
108 s50lid rocket booster nozzle
T33 external tank
These components of The space shuttle vehicle are identified in Fizures \
2 and 3.
Dimensional Datsa
Dimensional data for model 19-0TS are presented in Tavle ITT.
Model Drawings
Furtner descripticn of the model including model drewings can be
found in Reference 1.
Propulsion Systems
(orviter)
The orbiter propulsion system consisted of nydrogen and oxyzen
charge tubes, a fast-acting bipropellant valve (autovalve), aydregen and
oxygen venturis, an injector, a combustion chamber, znd the SSME gimoal

12



CCHFIGURATICUS INVESTIGATED (Coniinued)

block/nozzle assemblies.

The charge tubes were arranged spirally inside the external tank to
supply hydrogen and oxygen at approximately 3000 psia through the =2uto-
valve to the venturis. Wien the autovalve coened, the gases were
supplied to the venturis at constant conditions for the wave time ol
the charge tubes. The hydrogen charge tube, Peing larger, wzs located
in the front of the external tank. e oxygen charge tube, in the back
of the external tank, was separated fromw the hydrogen charge Tucte b7 &
cavity used to route gas lines and wiring from the orbiter to Ine model
strut.

Tae aubovalve is a pneumatically operated piston type valve., Twe
solenoid (Valcor) valves, when energized, emitted nign-.pressurs niltrczen
(approximately 3000 vsia) to chambers witnin the autovelve for opening
or closing. SME nozzle flow time was conirolled by the relative time
tetween solenoid vzlve overation.

The venturis operated under choked flow conditions. They were
designed for an C/F ratio of 6.0. Separate venturis are used for two-
engine and.three-engine SSME operation to simulate the proper mass flow
at each condition; only three-engine 3S3ME operation was simulated Tor
Test IHTS.

Tne injector was composed of twelve doublets desizned wo inmpinge on
a dismeter equivalent to the ccmbustion chamter arez mean diameter.

Dcublet holes were of equal size and angled to talance the radial

13



momenturn of the nydrogen and cxygen streams.

Tre combusticn chamber provided necessary volume for tae za o]

ct

es

(W3

mix and burn. It was common to all three 3SME nozzles. A pyrotechnic
ignition source was located in the champer.

The SSME gimbal block/nozzle assemblies were loczted dcwnsiream of
thie compustion chamber. The nozzles were scaled and contoured internally.

(30lid Rccket Bocster)

Fach solid rocket Looster consisted ¢ a2 propelliant nolder, an
igrnition gas systém, a2 diaphragm, and a gimbal bloc?/nozzle assembly.
SRB flow was contrclled by the amount of sclid propellant used; pro-
pellant thickness determined the dburn time while propellant surface zres
determined charmber pressure level.

The propellant holder was a cylindrical casing whica Tit inside the
SRB. Solid propellant (=0.050 inch thick) was glued to a thin aluminum

sheet (=0.01l inch thick) and rolled inside %he holder. Solid

e}

ro-
pellant surface areasrecuired to prcoduce the desired chamber pressures
are listed in Table IV, Both ends of tne propellant nholder were capped
to enclose the holder during initial propellant burning: e solid cap at
the forward end znd the diaphragm at the aft end.

An ignition gas compositicon of ethylene and cxyzen filled each SRB

ct

Just prior to ignition to

(<5 msec.) of the solid propellant. Iznitiocn zas ovressure was nominally

15.5 psia. The mixture was nominally O/F = 5.5. A oyrctechnic source

14



AATTTTATTRAMT AN TIMRSTTRATTY (TAavealnAad
CCHFIGURATICTE IIVESTIGATED (Zoncluded)

in each SRB nose ignited the gas which, in turn, ignited the provellant.

f)

-

The diazpnragm was contained in the alt propella
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Tt consisted of thin sheets of Mylar, 2.0LO inch total thickness, sized
to burst at slightly above the desired chamber pressure.

The gimbal block/nozzle assemblies were scaled and contoursd
internally.

The solid propellant, ANB-30¢6B, was a Class I explosive that
functioned by rapid combustion rather tran detonation. The turning

rate was a function of pressure, temperature and nvmidiiy.
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INSTRUMENTATION

Heat-Transfer Gauges

Thin-film heat-transfer gauges (References 2-4) were employed for
the measurement of model surface heating rates. The sensing elements
are thin (order of 0.1 micr9n) platinum resistance thermometers fused
onto the surface of pyrex substrates. The thin-film heat-transfer gauge
operates on the principle that the film thickness is much less than the
characteristic thermal diffusion depth for the short duration of the test
event. Thus, the temperature gradients and heat capacity of the film are
negligable, and the instantaneous film temperature can be said to be
equal to the instantaneous substrate surface temperature.

The resistance elements are coated with a dielectric film (i.e.,
Mng) which provides the following beneficial characteristics: (1) it
affords mechanical protection for the elements, (2) it improves electric
stability of the elements by sealing against the ambient environment,
(3) it provides electrical isolation from ionized gas flows, and (4) it
provides higher absorptivity to radiant heat flux than can be obtained
with uncoated surfaces. Loss of gauge response due to the presence of
the coating (approximately one micron thick) is negligible.

During operation, the temperature-induced resistance change of the
platinum element is sensed electrically. TFor those gauges that were
recorded directly on oscillographs, the electrical signal was fed to an
analog network (known as a '"Q-meter’), which converted the indicated

surface temperature in real time to an instantaneous heat-transfer rate

16



o Xnsdand Al ER
TUSTRUMENTATICE (Ceontinued)

by employing the theory of linear neat conduction fo an infinite sleb

(References 2 and 5). This conversicn is applicable over a wide range

=

-
T

of test conditions, iT proper account is taken for gauge resistance
changes due %o ercsion and variations in the physical properties of tie
substrate with temperature.

For the heat-transfer gauges that were recorded on IM tape, the
voltage signal proportional to strfsce temperature was recorded. After
a test run, the tazze was plsyed back, and the signals were fed to analog
-meter netvorks., The cutput of these G-meters was <hen reccrded cn
an oscillogra_h.l

Two types of neat-transfer gauges were employed during the test:
standard and radiative gauges. The physical construction of the TwWe
gauge tyves is sirilar. The ends of the platinum sensing element zre
electrically connected to the tack of the substrate by silver film
deposited on the Pyrex. The lead wires zre scit soldered to the silver
on tne béck of the gauge.

Standard Gauvge

The standard heat~-transfer gauge consists of & platinum i fused
onto the surface of the Pyrex suovsirate waich, in turn, conforms To the

local contour of the model. Tnis ga is sensitive tc the entire

&
o

cenvective neat flux, &3 well 235 a vortion of the radiative Tlux., The
anount of incident radiaticn sensed by the zauge is a funciicn of ics

spectral zbsorptivity, as well as the speciral radiance ol the energy

17



INSTRUMENTATION (Continued)

source.

Radiative Gauge

The ra&iative heat-transfer gauge consists of a standard gauge upon
which a ghin coat of aluminum black has been deposited. The coated gauge
is mounted within a holder and isolated from convective heating by a
synthetic sapphire windor, which has excellent transmittance in the wave-
length interval of interest, and also protects the relatively fragile
black coating. Essentially, radiation gauges of this type have a uniform
spectral absorptivity of about 0.85 over the 1 to 6u wavelength range.

Pressure Transducers

Model surface and tunnel pressure measurements were made using high-
frequency response transducers (References 2 and 6). These devices
employ lead-zirconium-titanate piezoelectric ceramics as pressure-
sensitive energy sources and include integral field-effect-transistor
(FET) circuits for power amplification and impedance matching. The
complete transducers 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) 150 mv/psi (0-10 psi range), and 50 mv/psi (0-100 psi range)
were used. Typically, transducer sensitivities are linear to within
+27% throughout their respective ranges. To provide acceleration
compensation, a second integral, but pressure insensitive, diaphragm/
piezoelectric crystal unit is wired in opposition to the active unit.

This design reduces acceleration sensitivity to nmominally 0.00015 psi/g

18



and 0.000L4 vsi/g,
ducers. In order

ducer diaphragms,

TNSTRUMENTATION (Continued)

ang

B R
“ranc-

respectively, fcr the low-range and nigh--r e
to minimize temperature-induced effects on the trans-

copper neat shields were installed to provide line-of-

y

sight shielding frcm radiant or hot gas sources.

Propellant flow passage and combustion caanber press

*

the orbiter and the BSRM's were sensed with ccmmercial”,

piezoelectric pressure transducers., PCB transducers were used for

propellant flcw passages. Kistler transducers were used Zor the com-

ocustion chambers. Protection of the transducer from the hot combustion

R . o A o < . . ,
zases was provided by a thin layer of RIV over the diapnragn, 2 neat
shield, and a devious path orifice arrangement. Apprropriate impedance

2 = (=1 Jolis & i

matching of the Kistler fransducers was provided
anplifiers.

Gas-Temrerature Probes

Gas-temperature prove (GTP) measurements in the base regiocns ol tne

mcdel were used to derive gas recovery temperatures. Thae gas-temperature
probe is a thin wire resistance thermometer consisting of twe, thin

platinum -10% rhodium wires, approximately 1 and 2 mm long, mounted

Wire

our

H

parallel on the tips o needles positioned zccordingly.

resistance due to the rocket plume heating environment is related to tue

wire temperature and then used to solve the thin wire neat bdalance

Kistler Instrument Corporaticn, Clarence, New York and PCB Piezo-
tronics, Inc., Buffalo, New York.

Rocz Temperature Vulcanizing rubber,

19
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TUSTRGAENTATICH (Continues

’,

equations to nrocduce twe unknowns: gas recovery temperature and
convective neesting rate., The two wires allow independent measurerents
of the flow field heating enviromment for simultanecus solutiocn of the
neat balance equations.

Tae gas-temperature provde was mounted in = rolder designed to

position the two wires 0,10 inch to 0.50 inch from the model surface and

to z21llow rotation for more direct exposure To tne flow; wire position
maintained at 0.25 inch throughcut Test IHTS.

Wire diameter varied with locatio

L
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2.5k x 1077 cm diameter wires were installed at a2ll gas-temcerature
locations., This size wire survived the mcdel firing, but the return
wave from the Ludwieg Tubte Wind Tunnel receiver tank end wall destro
the wires on the external tenk probes. Subsecuently, the ET vwire
diameter was doubled (5.08 x 10-% cm).

An iron-ccnstantan "Type J" ‘thermocouple was mounted in the tip
of one needle on each oprove to monitor probe temperature during model
Py

firing.

Further description and procedures for the za
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can be found in References 7, &, and 9.

Instrurentation Locations

Pressure, heai transfer, and gas-temperature prcbe locations on
the model are shown on Figures Ua through Lt. The instrumentation is

summarized below and itemized on each figure.
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Standard heat-transfer 3

Radiative hezt-transier

Pressure transducers

Gas-temperature probes

The instrumentation numbering system used on

sumnarized in Table V.
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categorized according to insitrumentation configurati
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L2 L

A short-duration tube wind tunnel (Ludwieg tube) (Eeference 10),
provided aerodynamic flow about the test model to simulate specific
regimes cf the Space Sauttle launch trzjectory. Figure 5 depicts the
fzecility and identifies its main components.

In operaticn, the test zas is initially lozded into the L8-inch

dismeter supply tute and contzined by a mylar diasvhragm located jusi

cl

e

o)
t

stream of tie nozzle. To initiate flow, the diapnragm is cut by me-

cnanicel mesns. A centered expansion wave inen cropazgates upstrezm in
the supply tube and cccelerates the test gas to a steady velceiiy. The

Zas expands through the nozzle into the initially evacuzied recziver
tank (See Table I). Meanwhile, the expansion weve in the supply tube
propagates upstream at acoustic speed. The nczzle supply ccndition
remain constant, and flow is steady until that wave, reflected from the
upstream end of the supply tube, returns to the nozzle inlet. A
schematic diagram of this operation is shown in Figure 6. Tor tae
€0-foot long supoly tube, steady nozzle inlet conditions are maintaine
for approximately S0 milliseconds (ms) when the test gas is ambient
temperature air or nitrogen.

The test gas, expandinzg througn thes nozzle into the receiver tank.,
provides the desired ambient test conditions in tne free jet test section
at the nozzle exit, The test flow continuss dovmstream in the receiver
tank at high velocity, until it is brought to rest when it encounters

e receiver tank end wall., The incoming ftest zas develops a stagnzted

22



TEST FACILITY DESCRIPTICH ( Continued'

volume at the end wall, which continues to grow in the unconstrained

stream direction. A shock front (i.e., the interfacizl doundary betwvee

the incoming higa velocity test gas and ithe stagnated gas) thus
propagates upstream until i1t encounters and (usually) breaks dowm ine

test section conditicns established by the nozzle flow, Pricr te test

nz, flow breskdown time in the receiver tank was estimated to de

[EX

spproximately equal to the supply-tube wave time Tor Ihe external I1iovw
For some oi <the test runs, ke supply-itudbe Z2s charge wzs neated
during its residence in the charge tuve in ordsr to eifect a mcre
reasonable simulation of the shuttle flight trajectory condificns. GZ¢
heaters, covered with nigh~temperature insulaotion, were distributed
uniformly on the outside surface of the tuve, The neating systen

provided the capability of raising the wall temperature <o 600°F.

{n

eparate "on-off" temperature controllers, with adjustablzs setpoints,

were used to control the longitudinal temperature districuticn. Cne
effect of heating the gas in the supply tube was to reduce the tim
juring which steady pressure was available at the nozzle inlet Irom
approximately GO ms for ambient temperature zas tc about £5 ms for zas

at 500°F.%

Trat is, tecause of the higner sound spzed in the not gzs, *ne
expansion wave velocity is greater.
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TEST FACILITY DESCRIZTICH (Conclude

To maintain The pre-run strenzth and integrity of the mylar
digphragm, a water ccoling system consisting oi internal and external
Jacket coils was installed at the diapnragm station. Pre-run gas
temperature in the portion of the supply tube just upsiream of the
diaphraga was conseaguently reduced to 300 to LOOOF, Although this
envircnzent proved suitable for diaphragm survivebiliiy, it also
produced an axizli ftemperature g;adient in the supply tube gas charge.
Thus, as the supply-tuve gas passed tnrougn the nozzle and expanded invo
the test section, ihe total temperature varied during ihe esarly voriicn

of the test time. It was constant during the time the data were rezad.

’(D

2o =)

The Mach 3.5 and 4.5 nozzles, fztricated of slass-reinforced voly-
ester resin, were contoured to provide unifcrm, parallel test section
flow, In order to comply with existing facility length consiraints,
the final four feet of the theoretical full-expansion length were omitted
(e.g., sse Figure 7). The resulting maximum free jeit test rhombus

.

diameter was somewhat smaller than the nominal five-Toot exit diameter
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Instalization
Model 12-CTS waé installed in the uprignt position ust dewnsirean
the nozzle exit vlane (see Figure 7). Taie nmedel sat atop a thin-

2laded strut which was Inserted into a2 base Tixture rigidly atizched =c
the receiver tank flcor. Model angle-of-zitack was determined oy selec-
ting the proper volt hole pattern at the struit-base [ixture interIzace.

dodel instrumentation wiring and propulsion liness were roused
through a shroud, stigched to the trailing edge of the strui, to e

lower base rezion coi the sirut. ropulsicn lines were tioen routed
the lines extended %o isolated scurces (K-totiles) or to vent szreas.

strut. Tunnel wirinzg relaved the instrumentation siznals Irom tie
patchvoard tc the apvropriate data acguisition systems. Wiile enrcute
to the datz ccguisition systems, the wirinz passed thrcush sealed

ank wall and through a switching panel.
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Control panels TFor regulatirg gas flow to the model prorulsion
systems were located in the control rocm. Gases recuired to operate iine

nedel were:

Oxygen - orviter charge tubes azndéd 3RB ignizion
Hydrcgen - orbiter charge tubes

Einhylene - SRB ignition

Heliunm - orviter and T iezl checking
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Hitrozen - autovalve overation, charge tubes for
' orbiter cold flow runs, charge “ube
purging, =nd SRE leak checking

Front and rear views of the first-znd second-stage model configu-

D

rations installed in the Iudwieg tube wind tunnel are shown in Figure

Instrumentaticon Calitrations

Tre calibraticn methods utilized 3t Czalsvan are descri
in References 2 through L and &, along with the theoretical consider-
aticns frem which they are derived. Czlitration reccrds ave mzlianznined
at Calspan. However, thne Toclleowinz commenis are sprredriate with resgecth
L0 thelr sprlication to the test.

Pressure

Prior to the start of the test prosram, 21l pressure Transducers

Hegt Transier

me standard calibration proceduvre for a thin-film heat-transier

[Wa

sauzge 1s explained in detail i nce 3. Itz resistence 1s measured
saug xvlained in detail in Reference 3 Itz resistance measured

at three tenmperzitres in crder to ovtain the
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TEST PRCCEDURE (Continued)

/ . . W e AO
AR/ AT, The temperature ranze is nominally TOO to 130VF.,

sensitivity K

Gas--Temperzture Prooes

Lo

Pricr to installation in the model, gas-temperature probes were
calibrated over their operating temperafurz ranzge o determine resistance
change with wire temperature. Calibrations were also required feollewing
repair or following the test program tco determine changes tnat could
account Tor dzta amomalies,

Recording Systen

A complete gain calibration of eacih osciliogreps reccrding channel
with 1ts associated ccnditioning amplifier was performed prior to the
start of the test prcgram. Routine checks, during the course of h
test program, disclcsed no apprecizble variztions (i.e., drift or
fluctuations).

Operating Prccedure

The test objectives required simultanecus realization of steady

3
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exhaust plumes from three scale SSME rocket nozzles, a5
two solid propellant SRB engines during the short duration of steady ex-
ternal flow produced zbout the 19-0TS model., After initiation of <he
external Tlow, model overation was cheracterized by iznition of SRB and
S3ME propellants sequenced to attain simultaneous, steady-siate plume
Tlow,

As a result of experience with the mcdel during ovrevious tesis,

o [«p Y anl

proper synchronization of the three flow events (i.e., orbiter SIE
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TEST PRCCEZDURE (Continued)

rockats, SEB motors, and Ludwieg tube external flow) did not present

[

significant proolems. Test runs through 3 were reaquired before full
synchronization was achieved. After that, the only operating problems
were occasional relay failures, wherein igniters failed to fire.

Test runs were categorized according to the instrumentation bein

Uy

recorded. Instrumentation configurations were distinguished by model
configuration and type of instrumentaticn (Reference Tatle &). The
generzl run seguence Was:

1. First~stage confizuration runs (Instr. Confiz. 1)
.3)

3. Second-stage gas temperature probe runs (Instr. Config. 4)

2. Second-~stage configuration runs (Instr. Confi

O‘{
(,\)

L, Tirst-stage gas temperature prove runs (Instr. Config. 2)
Test runs producing good data are listed in Table II.

ne three Tlowv events with

ct

Procedure to achieve synchrenization of

1’\

La

11 runs., Gas-~temperatur

(/]
[4\]
[{¥)

data acquisition systems was similar Zor

ct

e

rove runs required additicnal nmenitoring to insure orobe integrity at

ct

[{]

ne start of the run., The general procedure was as follows

1. TFollowing model refurdbishment and Ludwieg tube diaphragm
replacemnent, the tunnel was clcsed for receiver tank evacuation.
The target evacuation pressure was always less than cne-tenta
of the ncminal freesiream static pressure during tunnel flcw
(See Table I). Tne target pressure was not slways zttainadle,
especially at the high altitudes where lezks around <he
receiver tank were of the same order as the evacuztion rate.

2. Approximately one hour before medel Ii:
propulsioq gas systems were rouvhly se
Any system leaks could be detected pefor cdel i
Final pressure adjustment occurred .ust orior to model firing.
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TE3T PRCCZIDURE (Censinued)

3. At about the same time pericd, the Vidar éazta acquisition system
was prepared for recording, i.e.,, gains were seit, signal full
span was verified, and sisznal zero was verified. The Vidar
system was continucusly monitored until medel firing.

L., Approximately one-half hour tefore model Firing
resistance readings were manuglly recorded on a digita

meter.,

5. Approximately five minutes before mcdel firing, the iznition
gzs mixture was loaded intc the SRB's. At 2bcut the same %tinme,
pre-run gas-temperature probe readings, tcizl resistznce and
line resistance, were recorded.

ON

. When time for the meodel firing, all oo
systems were given z final check., IT
to load the Ludwiez tube drivar secti
pressure.

T. Folloving medel firing, the receiver tank raguired aboui thirty
minutes of evacuation, before model refurbishment could begin,
to exhaust SRB propellant residue from the tank.

Time Tetween runs was usually dictated by evacuation of the receiver

vank. Two or three runs were iypical for an eight-ihour work period.

ERB, was controlled by a series of timing relays initizted by a single
pushbutton fire switch. The relays were set to first; initiate SRB
flow, second; initiate Ludwieg tube flow, and third; initiate SSME flow.
S3ME flow duration was typically 90 milliseconds with *the first 10
milliseconds required for flow stabilization; durstion was determined
by proper sequencing of the autovalve cpening and closinz pressures.
SRB flow duration was determined by prcpellant thickﬁess (=0.050 inch);
total duration was typically 180 milliseconds witn the first 30 =illi-

seconds required for flow stabilization, Ludwieg tube Tlow duration
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TEST ‘PRCCECURE (Continued)

va3 as described in the Test Facility section: tyonically 90 milliseccnds
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for ambient temperature driver gas and 65 milliseconds fo
gas; Ludwieg tube flow stabilization was typically less than 10 zilli-
seccnds. Wnen synchronizing the three fleows, SRB flow timing vas nmost
critical, not because of the relatively long stabilization time but

because of its effect on the receiver itank environment., IFlow treakdowa

tize, described in the Test Faciliiy section, was signirficantly
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ue to the mass of the SRB flow adding to ithe siagnated volum
resurning from the recelver tank end wall., Thus, dat
during esrly SRB flow vefore flow brezkdown. DPressure messurements 2t
the Ludwiez tube nozzle exit plane determined wien flow oreakdown
occurred. Flow breakdowm varied with SRB charber pressure and Ludwieg
sube flow conditions. Maximum operating conditicns witn Medel 1G-CTS

in the Ludwieg tube wind tunnel based on tne Iiow breaxdown process are
oresented in Table VIII. Typical model and tunnel orerating datz are
presented in Figures Sa and 9o,

It should be noted 2t this time that static pressure of the Ludvwieg
tube flow a2t 2 simulated zltitude is one-nall of the actual zltitude
oressure. Actual a2liitude pressures were determined Ifron Reference 11,
With the model SSME and SRB propulsion systems operating at one-halfl
full-scale chamber pressure and the Ludwieg tube wind tunnel operating
2t cne-half actual sltitude pressure, the scaled SSE plume Tlow field

was duplicated.
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Model reifurbisnment tetween runs consisted of model configuration

changes, new 3R3 propellant, and new
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confizuration changes were usuzally SSME and SEB nozzle gimbzl angle
changes. Following propellant and izniter replacement, an SRB ignition

gzs lezk check precedure insured that the new propzllant nolders wers

[=N

installed correctly. Loss of ignition gas during = run would cause

SRB misfire. To lezk check, nitrogen was lecadsd initc thz prorellans

holders at approxzn:VETP 30 psiz, An accevpteble lesk rate was 0,2 »psi
ver minvte, For a good o»ron=llant holder installztion, which was conmon,

-

there would Tte no lezk during trne first minuse.

Data Acquisition

Both coscillegraphs and an FM-Multiplex tepe reccrder system were

P

used to record test data. A total ¢f 12¢ channels were available during
the test. However, since the total number of model mezsurements was too
large to record simultaneously, four different instrumentaticn set-ups
were used.

A total of £2 data channels were recorded on 5 twelve-or-Iourteen-

channel direct-writing, light-beam cscillographs, employing gzlvancmeters

having a flat fregquency response bandwidth of 0.¢00 Hz. & chars speed

’_h

of 32 inc s/secopd provided adsguate time resoluticn ard frecuency

response. Two types of ccenditioning amplifiers, rnaving 2 varizble

from 1 to 100 or 1 to 1000, provided the amplification necessary o

é¢rive the galvanometers.
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TEST PROCEDURE (Continued)

The MM-Multiplex tape recorder system was a portable Vidar system
consisting of 12 tape tracks with 6 channels each. Only eleven tape -
tracks were available for this test program to comprise the remaining
66 data channels. The Vidar VCO amplifiers provided system gains of
0.40, 1, 3.33, 10, 33.33, and 100, To provide additional amplification,
separate pre-amplifiers with gains of 1 to 1000 were connected in
series to the Vidar VCO amplifiers. Fuli-scale input to the Vidar tape
recorder was l-volt. The standard procedure was to use the pre-
amplifiers and the VCO amplifiers to boost the anticipated instrumen-
tation output (heat-transfer gauge or gas-temperature probe) to 1/2-
volt for input to the Vidar tape. For data playback, two tape tracks
(12 channels) at a time were patched through a g-meter circuit (see
Data Reduction) and output on to a fourteen-channel, direct~writing,
light-beam oscillograph. Playback amplifier gains were set to provide
l-inch deflection for a full-scale l-volt tape signal. A schematic of the
Vidar data acquisition and playback is presented in Figure 10.

Of the 128 channels available to record test data, from 90 to 100
channels were used to record model data. A summary of the model data
recorded for each instrumentation configuration is presented at the end
of Table VI. Channels not used for model data recorded the following
essential information:

1. Mocdel operating pressures (propellant flow passage and combustion
chember)

2. Model timing events
3. Tunnel operating data (pressures and temperature)
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A summary of the data recorded by tine Vidar and cscillcgraps data

acquisition systems Tor each instrumentaticn configuraticn Is pressanted
in Table IX.

Signal conditioning for the Kistler pressure transducefs was
crovided by external charge amplifiers. 3ignal conditicning fer the
PCB pressure transducers was provided by a 110V mullti-channel pcvwer unit
tuilt specifically for the transducers. The power supply unit supplied
22V and 1Z2mA current excitation for ezch transducer. Being kignly
sensitive, ths pressure transducers did not recuire gddivional ampli-
fication.

Tain-film gauge signal conditioning consisted of circultry with tae

gauge connected in series with a2 LOK-ohm series resistor and a 220-ohn
coupling capacitor resistor. Excitation voltege for the circuit was 20V,

For a ncminal 100-chm thin-film gauge, the circuit current was £.51mA,
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system and cscillographs reguired amplification.
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mperzture probe signal conditioning was provided Ty a pover
stpply panel which zllowed the current to be adjusted to match the prove
wire size., Tre panel supplied 15VDC excitetion to eacn prove. Further
details of the vower sudply panel are given in Reference C.

SSME nozzle position and instrumentation orientation depended on
the use of gas-temperature proves. Without sas-~temperature prcbes, the

i

#£1 and #2 SSME instrumented nozzles were used in 333 positions 1 end 2

i

{
5]
4]

hown in Figure lla. With gas-temperaiture probes, the hatband nozzle
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TEST PROCEDURE (Concluded)

was added, and all three instrumented nozzles were positioned as shown
in Figure 11b. The figures are viewed looking forward along each nozzle
axis.
Data were reviewed immediately after each model firiné to:

1. Verify satisfactory model operation.

2. Verify sufficient data and their integrity.
Oscillograph records of the tunnel and model operating data were examined
first to verify model operation. Then, all Vidar data were played back
onto the oscillograph and along with remaining on-line oscillograph data
were examined to verify data integrity. All model data were reviewed

after each test run.
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provide satisfactory flow at the design ifach number cver the pressure
range of the tests., Because the Mach 3.5 nczzle nad not teen previously
calibrated, this wes done prior to the present pregrem, and the results
are summarized in Avvendix D. The averzge test section Mach numper, used
in the data reduction, was 3.40k.

Thus, test section static

'g

ressure and static tempersiure vere
computed Ty:
Moo 3.48L L.5

.013k1 P, .003L55 Py (psiz)
2017 To .1930 T (°Rr)
where P, and To were tne average nozzle stagnaticn conditions measured on
each run during the datz acquisition time. Trhe respective sinmulated
test altitude was determined from a pressure egual to Itwice the calculated
static pressure (PALT = 2 P_ ) to account for the 1/2 reduction in the
combustion chamber pressure. The altitudes corresponding tc tahe pressure
PALT were found using the 1963 Patrick Atmosphere Tables (Reference 11).

Tne test section unit Reynolds number, derived from isentropic flow
relations using nitrogen as an ideal gas, was calculated by using tne

expression

I
=

Re/f% A1l == - (1)
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Jregsure

411 of the pressure transducers employed during this program

operace on a differential Tasis in tazt they sense tne change tetween the
ioczal oressure aponlied to Tne model during the run and ths pre-rin ambients
pressure. Accordingly, the receiver iank pre-run z2tscluie pressure was
adied to the measured pressure change Zor zll tranzducers sxucsed w0 The
tunnel environnent. For the SRB's, however, the initial ignition gas
pressure of 15.5 psia was added %o the transducer outovut fc darive tue
zbsolute pressure., Absolute pressures were calculated zcecordin:
Ecuaticn (3).

CAL X DErXL,

P = el e . 4+ Ppun
5 ¥ Gail R (

o]
(]
'S
0

~——

—
)
S

viiere
CAL = oscillograpn czlivration (mV/in)

DEFL = measured deflection on oscillograzin due
to fransducer cuitput (iaches)

S5 = <transducer calibration sensitiviiy mV/psi)

ck

GAIN = oysien zain
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REF = Iransducer pre-run ambient pressur
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Tnz thin-film zauge is a resistance thermcmeter which

w

local surface temperature cf the substrate. Tne classical thecry of heat
conduction in a homogensous ovody is used to relate thie surface temperature
nistory to the rate of heat transfer. Due Tc ths cconsiderzble elfort

retuired tc convert temperature-time records inTto ecuivalent nesting rate

nistories, an analog network, rsferred <o as & “g-meter,” hes Zean

3 - i~ R (35 +~ o K .- 2 ~ - A e

developed to convert the temperature siznal direcily into a neot flux in

real time for presentaticn on the oscillezrson (Refarence 3 111 thin-
e e IOY Presenvaeililnl Ol vLe OosClllegrapn \Heigrence 2 ). al Lillin

-~

Tiln zauge, heat-transfer data fcr this study were obtained throuzn the

For the heat-transTer dats recorded directly on tne oscillozravns,
esch channel was eguipved with a g-meter. Trhe ne2t-transier gauges

recorded on the F¥-Multiplex tape recorder system were nandled scmewnat

differently. The outputs of the thin-film zauges (which are proportiocnsl

to the surface temperature of the gauge) were recorded on the M Tace.
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layed pack tnrouzn an analeg g-meter

and the signals provortional to heat-transfer rzte were recorded ¢n an
Signals from the g-meter analog circuit, propcrtional teo the heat-
transier rate, were converted to heating rates by the Icllowing ecuations:

Ky x (Rp - R /
Kt = g ( T L) (CA.H‘D ,CF)

37



K' = gauge sensitivity corrected Ior ztrasion and normal wear

Ko = calibration sensitivity (chms /OF)

Ry, = calibration resistance (ohms)

F;, = circuit line resistance {chns)

R = measured pre-run gauge resistance, including line
resistance {onms)

te)
‘g
1l
\
—~
AT
~—

¢p is the anazlog g-meter proportionality factor to convert gaugs ouTplul

in volts to heating rate.

where
¢ = neating rate

. ! .
CAL = oscillogrezn calibration  (V/in)

DEFL = measured deflection on oscillcograpn due to gauge outpul;
the deflection may te directly recorded throusn = ¢-reter
or zlayed back from the Vidar snrouzh a c¢-meter (inches)
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Recovery Temperature {Gas-Temperaturs Probes)

! . l . . .
Gas~temperature probe data reduction at the test site was minimal.

Information were presented for calculating gauge cutput
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only for compariscn during later off-site data reduction at PEMTECH, Inc.

To facilitate datz reduction by REMTECH, the Vidar ™M tapes containin

3
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DATA REDUCTICH (Continued)

as temperature probe data were first digitized at the Rockwell Inter-

o

national, Los Angeles Divisicn Dynarmics Laboratery. Twc time frames of
data, 270 msec/frame, were digitized at a rate of 3000 samrles per second.
The time frames covere the pericd from 100 milliseconds celore the SRB

gnition sizn

o

1, Tz, to 440 milliseconds after. Digitized data tapes

y-te

received by REMTECH, Inc. were converted To engineering units, refcrmatted,
and used as outlined velcow tc calculate gas-recovery temperatures and heat-
transfer coefficients.

Gas--recovery tenpsrature data reduction procedures, in generasl, re-
main unchanged from those used for previous impulse base neating tests.
Tnese procedures are documented in References 7 and 3. For test IHTS,
however, there were improvements to the datz rsduction progrsm used Zor
calculating gas recovery temperature. These improvements are detalled
in Reference 9 and outlined briefly in the remzinder ¢f this section.

Previous data reduction reqﬁired simulianeous scluticn cf o

complete heat balance equation for two thin wires. The eguation is:

ds = G5 * e - Y - Gy F Qg (1)
where

dg = nheszat accumulated in wire

a = neat due to current Ilow

Tae

a = heat input to the wire Ifrom gas

S5

o_k = heat conduction to wire suppce

m

Gy = neat loss by radiation from wire

o = heat zgained by razdiation frca ges
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DATA RETCUCTICH (Continuszd)

This eguation was non-linear in two unknowns, T, and 7, and required
a nunerical iteration scheme vis s computer code called SNEBE & to coiain

soluticns. Improvements were made in Reference  where a linearized

[ay

semi-closed form solution to the wire heat balance equation provided

initial estimates of the recovery temperatures and neat-iransfer coel-

7icient for the non-linear numerical fechnicue,inereby saving ccneider-
gole data recduction Ttixe.

Further modifications to ine linearized seni-closed form sclution

have preoduced a ccmplete linear sclution wialch szzrees wvery well vwit

’

resulis of ihe non-linear numerical technigue. Tre results zre much mere

ature and heat-transfer coeificient can now be ovitained as a function ol

(o7

test time, instead of e sirgle average vzlue, ellowing more detalle

)

Experience with oprevious gas temperzture prcbe data has sinown Inal

€]

most heat LtransTer associated with the wires is due Tc ccnvecitive rnent

input and conduction. Eliminating otner tyves of heal, Zguation T

Substituting:

arD(Ty - T,) = -A

O
~
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Assumning k does not vary wiin eracure znd sucstituitinsg for 4,
ne  deT
flﬂD(T - Tw) = ¥ o Lwr
} ~
& axe
Bquation 10 can be transformed into 2 simpnle zcmogen=cus differenti
equation (Reference 12) which nas the solution:
(2 /xD
(X)) = Tp - (Tp - D cosh (Xv/42/kD_ )
=T\« r r s : / ;
cosh ([ Vv k/xn/e
where
T; = wire support temperature
2 = wire length
To obtain the average wire temperature for o Iinite lengta wire,

2

O

11 is inte

Solving for T, ana inser

3as recovery Lemperature
temperature

cross section

ﬁv‘e

wire tnermzl conductivity

distance along wirs

ated over the wire length.

) tanh (l\/"./}\
Z\/{l/z

parameter VY

~—

O

1 /
n/xD,

(

(£7)
v!

tanh (27)
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. o os

Zoustion 13 is an exnlicit expression of rfinite lengih single-wire neal-
ing with twe unknowns, T, and n. Two distinct equations can ve writlen
for the two different gas-temperature proce wire lengins, denoted by sub-
scripts 1 and 2, and zolved simultaneously to odvtain an ecguation of only

one unknowvm, h. '

£oy - tanh (L2¥) ~ L2y Ty - Ty tanh ([2V) (1k)
{1y - tamh (£7Y) fy T - T, tamh {[1Y) \

! o - X - e - Py R - 5 M
For practical use of the preceding ecuaticns Y must rirst te oo-
= & e 2

tained from Ecuztion 1L, TFrom ¥, & is calculated 2nd used in

to obtain Ta..

pe

L]

erameters Tg, Ty, [ used in Zguaiions 13 and 14 are ob-
tained as follows: Tg, the wire supporv temperaiure, is measured ©vy an
iron-constantan tihermocouple in the tip of one of the gas-tiemperature
2]

probe short wire support needles. T, the averzje wire temperature, 1is

calculated by Eguation 15.

—~
(=
\Nn

~

Ry = Ro [l * a(iw - To) + IB(F’-{W = To)g]

Rw = measured wire resistence
Ro = wire resistence at temperature Tg

To = 209C = 293%K

1)

a, B = R-T curve it coefficlents
Tire length, £, is calculated by Equation 19.

= 1.853x1077 onm-cm for Platinum -10% Racdium (16)
wire
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NATA L RTETITOMT T [ I ST R -
DATA REDUCTICED (Cenmuinuzd)

vhere
O'O = manuv

Witn all parameters known, Y is still not directly obteained frcm

Zauation 14 due to the hyperbolic functions. An efficient method for

obtaining accurzte valuas of Y is known as the Fidbonaccl series searcn

routine, Tt is an interval elimination searecn metinod wnicn seis udper
and lower oounds to an initial heat transfer coefficient estimate

MNe s e =1 okl BRI amE o se - O%) ang =-a
(.‘.lnltlal =1 x 19 Cu._/\,‘.. sec K, ana Tie

- -— - - ] p < —— . . PR
interval in whiech the QDL vValue QCCUrs untTl

-

I7 the final value is ecuivalent to tne upver or

the naw ini<izl =stimate, and the procedure is repeated.

The final solutions to Eguations 13 and 14, i.e., h and T must
satisfy tne following boundary ccenditions; if not, Ttae solutlons zre
considered non=-ccavergent.

Tr > Tvl > TW > TS

z
Ty < LOOOSK

1x10°9< 1 <1.0 calfex® -

(o
On

0n

()]

[¢]
]

As gas temperature increases, the non-linear terms of tie wire

valance ecuation, ignored for the precedinz simplified solution, cause
tne linear gas recovery temperature to diverze Irom the irue ncn-linear
solutiocn. Correction Tcuations 17 and 12 are 2pplied to the 1

recovery temperature and neat.-transfer cceflicient solutions To account

for non-linearity.

43



—

DATA REDUCTION (Concluded)

4.6805 x 1077 T3 - 9.4521 x 107% T2 + 1.6682 T, - 152.02 (17)

3
a]
1]

2.8598 x 10710 n* + 6.1589 x 10=7 h3 - 5.0279 h2 + 0.13456 h + h (18)

=
0
[t}

To use the simplified linear equations, the following assumptions must

be made:

1. The gas-temperature probe wires are at a steady state heating
condition.

2. The convective heat-transfer coefficient and gas-recovery
temperature are identical for both wires.

3. The wire supports do not significantly disturb the flow in
wich the measurement is made.
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e tasic Test THTS reduced data consisted of steady-state dezting

rates, pressurss, and 325 recovery texzveratures. The data were msgsursd

{9

t 2 time corresponding t2 stead
and .t 2]l DT A Tronatiyra grd mantd g - T d o rraw Mand mecaitved
and turnnsl Diow. Dressurz2 anc fealtling rate roWw datsé were pand megsirec

at the steady-siate time Trom the oscillogrsr: traces and entered into a

’_l
,._l
W
@
’-J
3
o'
[¢)]
o}

irectly related to the hand measuremenuvc, Gos-wnempers

S A = A e e - TArr
probe dzta wers raduced anvirely oo

coxputer nrograms, mentioned briefly in the preceding section and out-
lined thoroushlyr in Reference 9, allowed wire resistance, wire texper-

ture, recovery temperature, and ccnvective nezting ccef
b 2 £

fo

vlotted as a funciion of mcdel firing time, These time plots allewed
visuzl evaluation of the cverall gas-temperature prote ressonse and

- -

insureéd that stezdy-state conditions existed.

Vidar and oscillcgraph data gquality were hempersd T

noise ratic. Data on oscillograchs and on Channels 1-41 of tie Vidar
system seemed to have the best quality with the necise now Inliititing the
steady-state data level; however, data recorded on Channels 1-<41 of tze
Vidar system employing Calspan amplifiers wers in error as discussed
later. Data on Channels k2-£6 of the Vidaer systex emplcyinz Incor
emplifiers were of tine lowest quality; in generzl, the noise and datz
levels were of the same corder.

After completion of the %est program, it was noted that some of the
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RESULTS AND DISCUSSION (Continued)

data recorded on the Vidar ™ tape system exhibited a droop indicative of
a limited DC response. This was traced to the use of amplifiers having a
100K ohm input impedance with heat transfer conditioning circuits that
had a 1 ufd coupling capaci%or in the output. This resulted in a system
time constant of only 0.1 sec. for Channels 1-41 on the Vidar PM-Multiplex
tape recorder system. The effect of this time constant on the output of
the g-meters was analyzed, and correction factors were determined and
applied to the data. The analysis and correction factors derived by
Calspan are presented in Appendix.C.

A discrepancy in the magnitude of the gas--temperature probe data
recorded during second-stage configuration runs 39 - 43 tends to dis-
credit these data. Specifically, the recorded wire resistances produce
wire temperatures and recovery temperatures twice as large as expected
and twice as large as any previous data. Oscillograph playback data from
the Vidar and diéitized data from the Vidar M tape compare in magnitude,
which points to the Vidar input as the problem. However, investigation
did not prove that the Vidar input channels were incorrectly spanned or
that the gains were in error. Thus, the gas-temperature probe data were
. evaluated two ways: (1) using the actual recorded data referred to as
"literal data" in Appendix B and (2) using one-half of the actual recorded
data referred to as "literal data + 2" or "input data + 2" in Appendix B.

Analysis of the results of both types of data, detailed in Reference 9,

did not conclude that either set of data was correct.
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RESULTS AND DISCUSSION (Concluded)

Tabulated source data are nct supplied with this document but are
available through the Rockwell International, STS Aeroscienées Department
as shown in Appendix A,

Oscillograph traces of the raw data, including Vidar playback, are
also available as shown in Appendix A.

Gas-recovery temperatures and convective heat transfer coefficients,
derived from the gas-temperature probe resistance and thermocouple time
history data as described in the preceding section and Reference 9, are
presented in Appendix B. The data were extracted from Reference 9. Both
literal data and literal data + 2 are presented. Steady-state gas-
recovery temperatures and convective heat-transfer coefficients are
presented in Tables Bl - BL4, Fiéures Bl - Bk show an example of time
histories of the gas-temperature probe data. Gas-recovery temperatures,
plotted es a function of simulated altitude, are presented in Figures BS -
Bll. Conﬁective heat-transfer coefficients,plotted as a function of

simulated altitude,are presented in Figures B12 - B1l5.
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TABLE II. DATA SET/RUN KUMBER COLLATION SUMMARY

SPACE DIVISION Prepared Bya Page No.
7‘557— J’/_/ 75 NOE{_TH AA“M_E_I‘UCAN ROCK\\{EL"L CORPQRAT'ION E::"Wd Byt :;r:: ::

1 2 3 4 5 )3 7 8/1/J . :/,r (p ) L’/;E /}1&23_5 %/.]3, N 14
Dataset To  |Alhdde] X A S A ; e |73 f:;ﬁ' L5A3 jPS(f_B ;;,::: ~;:r,3‘ -
_m,d.(.,c?M_ Cong‘f&' Meo CoF) w® [ PIY I PIYIPIY I F Iy IiP Y Cpne) | o)

oo| 4 ors | 3.5 | 300 1760 | +5 Jolo |o|lo|lo|lolole |o |o | )sco | 290
ooz 5 e) ' |
003 L /30 i (45
00 4 7 . |40 {
005 /O 4.5 | oo | l ' ' 290

00, Tl l /00 ! ‘

o007 | 13 ' 70 | l :

009 14 . /1o l ?

004 /15 129 . |
o106 | 17 /30 '1 ¥
o1 19 | RN | /05
olz 20 140 ' ;

0/3 2| /50 |

o4 | z3 160 i v
o5 | 24 ' /20 : | L 200
Ol 25 (40 ) T i ' J,
(oI i 20 |20 +/0 : 290
01p | 27 } -/0 ' i }
0/9 29 /0 | +5 |-5]0 |-5l0 |-s|o |-t O |-1|O | /00
o2o | 29 | oT | gt 5 T
o021 30 /L0 \ !

ozz | 31 ) ololololo]o ' 5

023 | 32 /70 , ‘.

o24 | 33 /50 |

nas |3 \ y | /10 ) |
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TABLE II., DATA SET/RUN NUMBER COLIATION SUMMARY (Concluded)

SPACE DIVISION Prepored By, Page MNo. of
7’&—57— I/L/ 75 NOf{Tll AM‘F:RICAN ROCKW]-‘.I:L CORPO_RATION Checked By, Report No.
1 2 -3 4 5 6 7 8/1/ .9 Cw D:“n , 22 . ; lsMom_No.u |15
Eord = . Rl B R e Femor Lersrets e o et K BSOS
Theat ] KO Con ay Meo R e W) [PIVIPIYIPIY [P Iy 1P Y | Gimd| i) |ty
oz2l. | 25 oT 4.5 | 70 /120 | +5 |olo oo Jolo~|-1-1-1/50]| - =z
0z | 36 - /40 |+ 10 ' i l
029 | 37 I 1-/0 | I
029 3 OT/CTP /30 | +5 ; 4-
0zo0 | 40 /40 : ' - ! |
031 | 41 /50 |
032 | 42 /6O ' |
023 43 /70 Y
o024 44 v / 4O -5 -5]0 -51O Y Y Y
025 | 45 lors/mH : B LV Ly [-t]e |-t ]o /0D z2
036 465 /00 olo Jlolo|lo|lolololo|o 290
037 417 120 l
63% 49 (4o » OO
039 | 50 w )30 I y
040 | 51 [Rele) 2o [ : 290
n4) | 52 r /00 | | !
042z | 53 0TS Y [20 i Ly |
1
|
]
J
|
|
1
| 1
|
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TABLE IIZ., MCODEL DLENSICHAL DATA

GENTRAL DZESCRIPTICH: The body is to tiie Baseline Definition
Venicle Configuration 5, LCR 200, Rev. T dated 10-17-Tk.

MCDEL SCALE: .0225

DRAWING FUMBER: VCTC-000002, sDV-T0 Baseline IML

)
{21

e

DIMENSICHS: TULL SCALE
Lengtih: QML Xg = 235-1325.2 in. 1223,3
Ref. Length: CIL ¥¢ = 235-1528.3 in, 1292.,3
Length (IML Xo = 239.3) in. 1238.5
ClL Max. Width, in. Xg = 1516.20L 252,718
ML Max. Width, in. Xg = 151€.301 2£0.715
CML Max. Depth, in. Xg = 1463,316 2kE.575
TML Max.Depth, in. Xg = 1483.315 2,575

QL Fineness Ratio 5.203

ML Fin

=]
(D
[

ness Ratio 5.227

ny

Area - Tt

Mex. Cross-Sectional @ Xy = 146

(O}
Co
&\
w
5
2[3))
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TABLE ITI. MODEL DIMENSIONAL DATA (Continued)

MODEL CQVPONENT: CANICPY - C45
GENERAL DESCRIPTION: Crbiter 102 Canopy per MCR 1750

Rl Beseline

MCDEL SCALE: 0.0225
DRAWING NUMBER: VCT70-00000z4, MD-VTO

DIMENSIQNS: . FULL SCALE MCDEL SCALE

Length, in., X, = 133.0793 to ¥, = €70 236.9207 5.331
N 2 s Py R4 _ . -~ e } g4
Max., Widta, in., 2 Xg = 59b 15k, b0k L.375
Max. Depth, in., @ ¥y = 492 52,2007 1.323
~
Area - Fi©
Max. Cross-Sectional @ X¢o = 520 b5,0558 0.0231
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: ELEVCN - Zg

(WS ]

GENERAL DESCRIPTION: Elevon for Configuration 5, ningeline at
Xo = 1337, Elevon split line, ¥y = 312.5 5.,0" gaps beveled edges, and

centerbodies "(ML"used on Wizg Ref. MCR 200, Rev. T, dated 10-1T7-TL.
'

MODEL SCALE: 0.,0225

+

DRAWING NUMBER: VCT70-000002A

DIMENSIONS: * FULL SCALE MODEL SCALE
Area use% for CHe conputation E%g.? O.lQE
Area, Ft 200.57 0.10%
Span (equivalent), In. 3LE, Lk T.735
Irb'd equivalent chord, In. 11£.30 2,221
Outb'd equivalent chord, In. 55,219 1,242
Ratio movabi. surface chord/

total surface chord
At Inb'd equiv. chord 2,217 0.2137
At Qutb'd egquiv. chord 0.35G5 0.355G
Sweep Back Angles, degrees
Leading Edge 2.00 0.0%
Trailing Edge - 10.05% - 10.053
Hingeline S 2.00 0.02
Ares Moment (area ¥ MAC) - Ft3 15407k 0.0175
Mean Aerodynamic Chord, In. 39,50 .01k
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL CO:{PONENT: BODY FLAP (CUTER MOLD LINES): FiL

GENERAL DESCRIPTION: Crbiter body flap venicle > Configuraticn, MCR

200, Rev. 7. "GML" to be used with Bgy Hingeline Xy 1532.0 Y4 = -1220.
MODEL SCALE: 0.0225
DRAWING NUMBER: VCTO-2C0C0Z, HDV-TO
DDMENSIONS: . FULL SCAILX MODEL SCALE
Area, (Total), Ft© 124,125 0,055
Span (eguivalent), In. 222,90 3.353
Inb'd equivalent chord, In. 21,00 1.223
Outb'd equivalent chord, In. 81.00 1.222
Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord
At Qutb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge 2.0 2.0
Trailing Edge 0.2 0.0
Hingeline 2.0 0.0
Area Moment (Product of C & area), 73 905,34k 0.,2103
Mean Aerodynamic Chord, In. £1.0 1.323
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TABLE ITI. MOCDEL DIMENSIONAL DATA (Continued)

MODEL CQMPONENT: CiS PODS (ML) - Myn
GENERAL DESCRIPTION: Vehicle 5 configuration [ICR 200, Rev. T,

Crtiter OMS pod - siorty pod.

MODEL SCALE: 0.022

DRAWING NUMBER: VCT70-CC0002, VL70-005410, MDV-TO

DIMENSIORS: FULL SCALE MODEL SCALE

Length, in. (XQl3ll to 1511) 200,00 4,500

Max, Widta, in. (Xp30k, Xp1511) 133.75 2,05k
Mex. Tepth, in. (¥o30Lk, ¥pl51l) TE.30 1.878
Fineness Retio 1.837 1.937
Area - Ft°

Mex.Cross-Sectional @ X, 30L 5,189 c.02¢
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GENERAL DESCRIPTION

laval-vell shaped

TABIEZ TII. MODEL DIMENSIONAL DATA (Continued)

MCODEL CQMPONENT: (S HCZZLES - ilgz

-

nozzles in stowed position are outvos
MODEL SCALE: 0.0225
DRAWING NUMBER: ¥572-000002, 33~

DIMENSIONS:

#ACH NG,
Lenzyzn,

Gimkal Plane
s

Gimozl Peint (Station), in.
Left Nozzle
X0
o
20

Right Nozzle

Mull Position, Deg.
Left Nozzle
Piten
Yaw

58

¢« Tae Lwo orbiter maneuverir

rd 9° znd down 7° from null posi

n

SN/

FULL SCAIE

g systen 1ozzles are

and ars located at the aft end of the (MS rod. QIS

MQODEL SCALE

1,220
oy
W23

3k.155
+ 1,55

11.070

15°Ls" Up

&30" cutv'd

9)e

]
[938 V)]

OO0

[ I s

Qut



TABLE ITI. MODEL DIMENSIONAL DATA (Continued)

MODEL CQYPONENT: P

[6)]
=
=3
(@]
N3
N
—
3|
w2
i
-
az’y
O
=

GENERAL DESCRIPTION: Thie main propulsion nozzles are laval-oell shaped

and are located on the aft planes of the orbiter. The dimensions zare

external and not to be scaled for plume tests.

MODEL SCALE: 0.0225

DRAWING NUMBER: VCT0-000002, VL70-0081ik, R

DIMENSIONS:
MACHE NO. .
Lengtz, in.
Gimbal Point to Zxit Plene

&1
.

Diameter, i
Exit
Aresn, ft.E
Fxit
Gimbal Point (Station), in.
Uoper Hozzle

e
Yo
Zo

vower lozzle

Kull Position, Deg.
Upper Nozzle
Pitch
Yaw

Loewer Nozzle

Pitch
Yaw

59

FULL SCALE MODEL SCALE
155,26 2,528
93.75 2.1C0¢
1485,00 0.732
1445,00 32.513
0.00 0.0
Lu3,00 9,365
1kc8.170 22,034
+ 53,0 + 1.122
3L,20L 2.77L
1690 Up 1£°0 Un
0.0 0.0
10.0 Up 10.0 Up
3.5 Cute'd 3.5 Cuth’'d



TABLE ITI. MODEL DIMENSIORAL DATA (Continued)

MODEL CMPONENT: VEZRTICAL - Vzq

GENERAL DESCRIPTION: Tre vertical tall is double wedze snaped and
mounted dorsally on the ait fuselage. These data correspond to
Venicle 5 configuration, MCR 200, Rev. T.

MODEL SCALE: 0.0225

DRAWING NUMBER: VCT70-000002, master dimensions.

DIMENSIONS: FULL SCALE MODEL SCALE
TOTAL DATA
Area (Theo.), 2
Planform : 413.253 2,202
Span (Taeo.), in. 215,72 7,10k
Aspect Ratio ' 1.2575 1.875
Rate of Taper . 0.507 0.307
_Taper Ratio 0. Lok 0.Lok
Sweep Back Angles, degrees
Leading Edge 45,00 £5.00
Trailing Edge 22,25 - 26,85
0.25 Element ILine L3, iz L1,12
Chords: . o
Root (Theo.) WP 268,50 £.081
Tip (Theo.) WP 108,47 C2.kh1
MAC 189,21 L ket
Fus. Sta. of .25 MAC : 14632,50 32,529
W.P. of .25 MAC £35.58 1k.2¢¢
BoLo of 025 l’iA-C Ooo 0.0
Airfoil Section
" Leading Wedge Angle, deg. 12.90 13,0
Trailing Wedge Angle, deg. 1k,cz 1k,02
Leading Edge Radius 2.00 0.0L5
Void Ares 13.17 2.007
Blanketed Area 0.C0 0.00
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TABLE ITII. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT's WITG - Wizg
GENERAL DESCRIPTION: The wing is the primary lifiing device and is
mounted zerizentally and is symmetric zbout the plane Y, = 0. A culf
Tzirs the fuselaze to the wing's leading edge @ Tg S40 To 1024
MODEL SCAILE: 0.0225 DRAWING NO.:
DIMENSIONS: FULL SCALE MODEL SCALE
TOTAL DATA
Area (Theo.), £t
Planform 250,00 1.362
Span (Theo.), in. Q35,68 21,075
Aspect Ratio 2,245 2,255
Rate of Taper 1,177 1.2.77
Taper Ratio .20 2,220
Dihedral Angle, degrees 3.500 3.30C
Incidence Angle, degrees 0.500 0.5C0
Aerodynamic Twist, degrees
Sweep Back Angles, degrees
Leading Edge ks 5
Trailing Edge 10,058 10,038
0.25 Element Line 35.209 35.20%
Chords: .
Root (Theo.) B.P.0.0. 589,242 15.500
Tip, (Theo.) B.P. 137.5Lo 3.102
MAC L7y, 812 10,533
Fus. Sta. of .25 MAC 1125.33L 22,572
W.P. of .25 MAC 250.357 C.5h4k
B.L. of .25 MAC 172,132 L.0%C
EXPOSED DATA
Area (Theo.), ft° 1751.50 0.587
-Span, (Theo.), in. BP108 720,65 135,215
Aspect Ratio T 2,080 2.080
Taper Ratio 0.2i5 2.2L5
Chords
Root BP108 582,099 i2.ch
Tip 1.00 b/2 137.84g 3,102
MAC 352,822 ¢.239
Fus. Sta. of .25 MAC 112£.50 25.29¢
W.P. of .25 MAC 293.&83 .60
B.L. of .25 MAC 251,789 5,685
Airfoil Section (Rockwell Mod NASA) XXXX-6L
Root b/2 = 0.1136 L1138
Tip b/2 = 2.129 2.120
Data for (1) of (2) Sides
Leading Edge Cuff
Planform Area, ft° 145 .k 2.07L
Leading Edge Intersects Fus M.L. @ Sta 300.0 11.25
lLeading Edge Intersects Wing @ Sta 108L.0 24,39
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TABLE III. MCDEL DLMENSICHAL DATA (Continued)
MCDEL CQPCNENT: 200STER SOLID RCCRET MCTCR - Sop

GENERAL DESCRIPTION: The BSRM is an extersal propulsi

]
et
o]
3

system wnhich is

jettiscned and recoverable after burnoui. Tie B3RM's can be refur-

o8

ist

o

and reusad after recovery.

-

O]
15

MODEL SCALE: 00,0225

DRAWING NUMBER: VCTT-00000Z2C VCT70-0000024) VCT2-000002C

DIMENSICNS: FULL SCALE MODEL SCALE
Lengsh, in. _ 1759.60 49,266
Max., Width Tank Dia., in. 142,00 3,225
Max. Depta, Aft Snroud Dia., in. 208.20 L,685
Fineness Ratio 5.566 £.52%

Area, It.

Max. Cross-Sectional 236,423 0.120
WP of BSRY centerline (Zp) 43,0 2,200
FZ of BSRY nose (¥Xm) 743,09 16.718
B2 of BSRM centerline (Yp) 250.5 5.636
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TABLE ITII.

MODEL CQMPONENT:

GENERAL DESCRIPTION:

MODEL SCALE: 0.0225
DRAWING NUMZBER: VCTT

DIMENSIONS:

SOLID RCCKET BCOSTER INICZZLES -

SRB nozzle to new lines to use with

-000002D

FULL SCALE

MODEL DIMENSIONAL DATA (Continued)

1106

MODEL SCALE

Dianeter, Doy - In. (I.D.) 145,24
Diameter, Dey ~ In. {C.D.) 1L7.5h
Diameter, DT - In. ~———
Diameter, Din - In. ————
"
Area, F5.° 115,483
Gimbal Point {Station) - In.
Left Nozzle
X3 - cold 1063.458
X3 - hot 1275.33€
o - - 250.39
a7 420.0
Rignt Nozzle
X3 - cold 13£3,L458
Xp - kot 1575.352
Yo - £250.50
Zo 130,0

Null Position, Deg.

Left Nozzle

Fiten

(@]

O
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, 1L

{TERNAL TAVE - Tz
-~

calculated to the outer mold lin= (CML).
MODEL SCALE: 0.0225

DRAWING NUMBER: VCT75-00CC0ZB Spike nose

Fineness Ratio
Area

Niasr
MaX

Cross-3Sectional

64

mxternal tenk witn spike

FULL SCAL

SrASST NN ECTITASTAT, YA o~ T A s
LODEL DDMEISICIAL DaTa (Concluded)
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TABLIs VI, INSTRUMENTATION CONFIGURATIONS

L9

CONFIGURATION OR SET-UP
! 1 2 3 h
PARAMETER PARAMETER | " R %
COMPONENT . DESCRIPTION | ors® | oTs w/GTP| oF " | or W/GTP |
NUMBER TYPE || DATASET 1-19, )
| tomwpemer | e | M (2028 ] 293h
1
9 Standard | X
Orbiter Side Gauze ;
i
10 4 : X
|
1h Standard | X
Orbiter Top Gauge |
15 * X
23 Standard | X
Gauge
W1Qg Qpper ol X X
sSurface
27 X
JR S i [ VS

* o5 is Cirst stage shuttle confipus hion (orbiter, external tank, SKRB)
*E G 15 sccound stage shuttle conlizuraivion (orbiter, extecal tauh)
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* 073 is Tirst stage shutile confijuration (orbiter, cxlernal tank, L)

* . L O - , )
K on 4 second slage shuttle conliguration (orbiter, external uel)

ABLE VI. THSTRUMEIPATION CONFIGURATIONS (Continued)
i CONFIGURATION OR SET-UP
! 1 2 3 4
PARAMETER PARAMETER | - P P
COMPONENT . DESCRIPTICH ors ors w/eTp{ OT _om wore |
NW{BER TYPE ||  DATASET 1-19,
25 -l - Y-
| rommmerer | he | 3 [20-28 1 29-3h
30 Standard | X
Gauge
i
31 : X
Vertical Teil |
32 - X X
{
33 X
3k Y R X
e l ——— — —_ - NN R -— _—
35 Standard %o X
Gauge i
!
36 X X
Body Il ‘
ody 1p 37 < )4
33 X e
39 ! | X %
I i
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TABLE VI.

INSTRUMENTATION CONFIGURATIONS

Continued)

CONFIGURATION OR SHI-UP

* K

ek

¥ s is Cirst stage shuttle confipuration (orbiter, external

fiar
O is sccond stage shiuttle contiguration (orbiler, extern:l tunk)

J, LRB)

1 2 3 4
PARMETER PARAMETER | o % | *x ] -
COMPONENT | pwocwarrIon | oors® | ors w/ere| or or w/on
NUMBER TYPL i DATAGET 1-19, -
‘ : 5 =1il 20- a2l
| mommrem | e | P 1 20°R8 | BSh
!
L3 Standard ; X p
Gauge :
I
L5 i X X X X
Body Flap L6 : X
(Continued) |
125 Radiative ; X X hid
Gauge !
139 Pressure i X X X
55 Standard X
Left (MS Pod Gauge
56 Y X
Left OMS/RCS - 57 Standard X X X
Inside Gauge
Surfaces 58 X X X
59 Y , ¥ X X
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TABLE VI. INSTRUMENTATION CONFICURATIONS (Continued)
o e e
CONFIGURATION OR SET-UP
1 2 3 h
PARAMETER PARAMETER - A
COMPONENT DESCRIPTION oL ors w/GTe | OT oT \r.’/(f;f]_.'i’
NUMBER TYPR DATASET 1-19, - _
: -1 - 29213l
TDENTIFIER T | 30 20 28 93
Left OMS/RCS - 60 Standard X X
Inside Gauge
Surfaces
(Continued) 61 ‘ X X
62 Standard X
Gauge
63 X X
Left OMS/RCS - )
Aft Surfaces 64 pe X X
65 X X X
66 % X X
o7 Y X X X
Orbiter Base 68 Standard b4 X X
Heat Shield Gauge
69 X X

* Oopg is first stage shuttle configuration (orbiter, external tunk, SRB)

*¥

O 1s sccond stage

shuttle configuration (orbjter, external tunk)
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TABLE VI. INSTRUMEIFMATION CONFIGURATIONS (Continued)

CONFIGURATION OR SET-UP
1 2 3 h
PARAMETER PARAMETER 3 " peyy
COMPONENT DESCRIPTION | ors™ | ors w/ere| oOT or W/Gre
NUMBER TYPE DATASET 1-19, e \
-1 - 241!
IDENTIFIER ye | 35-W | 20-28 93
70 Standard X X X X
Gauge
T1 X X X X
72 X X X X
T3 X X X X
Th X
Orbiter Base
Heat Shield T5 X
(Continuead)
76 X X
7 X X
78 X X X
T9 X X
80 / X
I

* 15 is First stage shuttle configuration (orbiter, external tunk, GRB)
0P is sccond stage shuttle confliguration (orbiter, external tunk)
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TABLE VI. INSTRUMENTATION CONFIGURATIONS (Continued)
CONFIGURATION OR SET-UP
1 2 3 [
PARAMETER PARAMETER % e
COMPONENT DESORIPTTION ors ors v/ate| oT or w/(;jxfp |
NUMBER TYPE DATALED 1-19, _ A ne_ 2l
| IDERITFIER 2 35-41 ) 20-28 | 29-3h
81 Gtandard X X X
Gauge
3o % X X X
33 ¥ X X X
8h py X X X
35 X X X
_ 06 ¥ X

Orbiter Bace

Heat Shield a7 e X ¥

(Continued)
88 ¥ X i
&9 b4 X X X
90 ¥ X
91 ] X % X X

¥ ors is first stage shuttle confipguration (orbiter, external tank,

i

5HB)

¥ g 15 second stage shuttle configuratior (orbiter, external tunk)




TABLE VI. INSTRUMENTATION CONFIGURATIONS (Continued)

€L

' CONFIGURATTON CR SET-UP
1 2 3 Y
PARAMETER PARAMETER v * K
COMPONENT : DESCRIPTION ors ors W/atp| or or M_I/ aTe
NURHFR TYPE DATAGET 1-19, ] ]
IDENTIFIER | 1;2* 3 35-41 20-28— $ 29-3'&
92 Standard X X X
Gauge ‘

93 | X X X

9h X

95 A

96 X

Orbiter Base
Heat shield 97 X X X X
(Continued)

90 X X X

99 X X X

100 | : . X

130 Radiative X
Gauge
131 f X

* 5 1s first stage shuttle configuration (orbiter, external tauk, LKB)
* O 18 sceond sltage shuttle contiguration (orbiter, external teuik )
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TABLE VI. INSTRUMENTATION CONFIGURATICNS (Continucd)
CONFIGURATICH OR SET-UP
1 2 3 h
PARAMETER PARAMETER _ * , %
COMP ONENT DESCIEI?’I’L[ON ors ors W, G’l‘Pﬁ or or V{/GTP_
NQJBER TYPE DATASET 1-19, l
mwwerpmer_ | he | 3W | 20-20 | 293
133 Radiative X
Gagge
13h Y X
145 Pressure X X X %
146 X X X X
148 p4 X X %
Orbiter Base
Heat Shield 149 X X
(Continued)
150 pid X X X
155 X X X
158 [ X X
162 Standard I
Gawze
103 ] % X X

* ors is first stage shuttle configuration (orbiter, external tunk, LIB)
** gr 18 second slage shuttle conlijuration (orbiter, external tunk)
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TABLE VI, INSTRUMENTATION CONFIGURATIONS (Continued)
COHFIGURATICHN OR SEP-UP
1 2 3 L
PARAMETER PARAMETER " - o
CCMPONENT ) DESCRIPTION | ors” | oTs W/GTP| or OT W/GTP
& VA Y -
NIMEER TIPE IDE%;;;;ER 1h;9, 35-41 20-28 29-34
s S—
164 Standard X X X
Gauge
165 | X X
622 GTP Thermo- X A
couple
623 X X
Orbiter Base
Heat Shield 62l b4 X
(Continued)
79525 GIP (Short X X
Wire)
521 (Long X X
Wire)
7535 (Short X X
Wire)
T53L (Long P4 pie
iire)
G (chort X X
Vlire)
75U, { (Long X X
Wire)

* 05 1s first stage shuttle configuration (orbiter, external tanhk, S1B)

* R

gr 18 sceond slage shuttle contiguration (orbiter, exteraul tunk )
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TABLE VI. INSTRUMENTATION CONFIGURATIONS (Contlnued)

' CONFIGURATION OR SET-UP
: 1 2 3 A
PARAMETER PARAMETER = " _— "
COMPONENT |- | DESCRIPTION | OTS™ | OTS W/GTP| OT oT W/GTP _|
NO{BER TYPE DATASET 1-19, ]
TDENTIFIER n2 35-h1 20'_?8 29-3}1;
Nozzle |1
101 Standard h4 X X X
Gauge l
102 X X X
103 e X X
104 X X X X
GSME Firing 105 ¥ X X X
Nozzles
106 p X X X
107 X X X X
108 X X X ¥
109 X X X ¢
110 [ e X X X

*  ors is first stuge shuttle confipuration (orbiter, external tanik, SHB)
*¥ o0 15 second slage shuttle contigurution (crbiter, externnl tunk)
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TABLE VI. INSTRUMENTATION CONFIGURATIONS (Contlinued)
CONFIGURATION GR SLKP-UP
1 2 3 h
' PARAMETER PARAMEFER ) " ) o
CCOMPONENT DESCRIPTION ors ors Ww/aTe | or or »i/_qfr_zj__~
NUMBER TYPE DATASET 1-19, ,
- - -2l
TDENTIFIER Ry 35-h1 20 _'2.8 29 37+ ”
Nozzle #2
111 Standard x X X X
Gauge

112 X X X X

113 X X X X

SYME Firing 114 X X X b

Nozzles

115 X X X X

116 X b X X

117 X X X X

118 P % X %

119 | X X pe Y

Hatband 166 Standard ¥ X

Nozzle Gauvge

167 Y A L X X

*  gps 4s rirst stoge shuttle configurution (orbiter, external tunk, SKB)
** Ur 18 sccond stage shuttle contijurution (orviter, external tunk)




TABLE VI. INSTRUMENTATION CONFIGURATTONS (Continued)

8L

CONFIGURATION OR SET-UP
1 2 3 L
PARAMETER PARAMETER " vew
COMPONENT | DESCRIPTION | OPs* | OTS W/GTP| OT OT W/QaTP
NRMBER TYPR DATASET 1-19, '
- - 23!
momerFiEr | ke | 35-W | 20-20 | 29-3h
168 Standard X %
] Gauge |
169 i X X
170 X ¥
171 X X
172 X X
Hatband
Nozzle 173 ) X X
(Continued)
17k X X
175 £ {
176 X X
177 X X
175 [ X X

* ors is first stage shuttle configuration (orbiter, external tunk, SHB)
¥*  op 18 sccond stage shuttle conlijuration (orbiter, external tunk)
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TABLE VI, INSTRUMENTATION CONFIGURATIONS (Continued)
CONFIGURATICN OR SLT-UP
1 2 3 L
PARAMETER PARAMETER x p %
CCMPONENT DESCRIPTION ors oTS W/GTP| oOT oT W/aTP
NUMBER TYPE DATASET 1-19,
-1 - -
mvTeTeR | ke | 35-W | 20-28 | 29-3h
Hatband 179 Standard X X
Nozzle Gauge
(Continued) 130 Y X X
210 Standard X
Gauge
211 X X X X
212 ; X X
213 X
Iixternal Tank :
Aft Dome 21l : X
215 X
2106 X X
217 ¥ X
210 , X

* ors is first stage shuttle configuration (orbiter, external tunk, ShB)
** o1 18 second stage shuttle configuration (orbiter, external tunk )



TABLE VI. INSTRUMEIITATION CONFIGURATIONS (Continued)

08

CONFIGURATICN OR SET-UP
1 2 3 L
PARAMETER | PARAMETER ~ — o
COMPONENT DESCRIPTION | OTS” | OTS W/GTP} Of Or W/GTP |
NOMBER TYPE DATASET 1-19, ]
IDENTTFIER | b2 35-41 20-28 29-3h
i oo e TO ST TTIIITIIT == — T — — oy
231 Radiative X
Gauge
233 Y X .
234 Pressure X X X X
235 l X
230 X X X X
Ixternal Tank 626 GTP Thermo- X
ATt Dome’ couple
(Continued) . GaT X
626 l y
7565 GIre (short X
Wire)
7501, (Long X
fHire) :
7575 (Short ¥
Wire)

% ¢ps 4s first stage shuttle configuration (orbiter, cxternal tank, SKB)
*¥ 14 second stage shuttle contlgurution (orbiter, externul teak)




18

TABLE VI. INSTRUMENTATION CONFIGURATIONS (Continued)

CONFIGURATICN OR SET-UP

1 2 3 L
PARAMETER PARAMETER * ; K
CCMPONENT DESCRIPTION | OIS™ | OTS W/GTP| oOT OT W/GTP
NUMHER TYPE DATASET 1-19,
meerrren | he | B | 2020 | 93
T57L GTP (Long X
Wire)
lixternal Tank 7585 (short X
Aft Dome Wire)
(Continued) 758L Y (lLong X
Wire)
External Tank 221 Standard X
Hardware Gauvge
228 Y X
302 Standard X
Gauge
303 X
Lef't ORB ,
Sidewall 305 X
306 X
307 J X

* ors is first stage shuttle configuration (orbiter, external tanlk, SRB)
¢l 18 sccond stsge shuttle configuration (orbiter, external tunk)
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TABLE VI. INSTRUMENTATION CONFIGURATIONS (Continued)
CONFIGURATION OR SET-UP
1 2 3 N
PARAMETER PARAMETER - vy
COMP ONENT DESCRIPTION | Ors™ | oTs W/GTP| OT or W/eTP
NQMBER TYPE DATASET 1-19, ] )
IDENTIFIER | A2 35-4 20'2,{,3 23
327 Standard £
Left SRB ) Gauvge
Sidewall 328 X
(Continued)
329 X X
308 Standard X
Gauge
310 X
312 X X
313 X X
Left SRB Nozzlg
and Shroud 31h X
315 X
316 \ %
320 Pressure X X
325 | ! X X L

* OPs is first stage shuttle configuration (orbiter, external tank, SRB)

#¥

Ol is second stage shuttle configuration (orbiter, external tunk)
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TABLE VI. INSTRUMENTATION CONFIGURATIONS (Continued)

CONFIGURATICN OR SET-UP

2 3 h
PARAMETER PARAMETER - — S prym
CCMPONENT DESCRIPTION ors ors wW/ate| OT oT W/GTP
NUMBER TYPE NATASETD 1-19, ] A 3.2l
TDENTIFIER h2 3501 | 20-28 | 29-3h
317 Standard X
Gauge
310 X X
319 X X
Left SRB Skirt
Curtain 320 X
629 GTP Thermo- X
couple
7593 GTr (Short X
Wire)
T59L (Long ¥
Wire)
Standard 43 69 &7 TO
Gauges
Summary Radiative T 1 1
Gauges
Pressures 9 10 10 10

* 0Ors is first stage shuttle configuration (orbiter, external tunk, SKB)
¥ on 15 second stage shuttle configuration (orbiter, external tunk)
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TABIE VI. INSTRUMENTATION CONFIGURATIONS (Concluded)

CONFIGURATICN OR SET-UP

1 2 3 L
.PARAMETER PARAMETER * * K
CQMPONENT DESCRIPTION | OTS” | OTS W/GIP| OFT OF W/0TP
NMBER TYPR DATASET 1-19,
ToENTIFIER | b | 35-M f20-20 ] 29-3h
GTP 'Irerrio- 7 3
couples
GrP (Short T 3
Wire)
Summary GTP (Long T 3
(Continued) Wire)
Data 99 100 98 G0
Channcls

* Oors 1s first stage shuttle configuration (orbiter, external tuank, SHB)
®* or 18 sccond slege shuttle configurution (orbiter, external tuuk)



m \
*nfemocouple oeation . e
Humber e ==
gz - Gas Temperature Probe (GTP) 752 (COrbiter) :Iron-Constantan
(Type J)
€23 a2 753 5
‘. |
62k GTP 754 : ;
626 GT? 756 (Externzl Tenk) !
€27 GT® 757 '
i
§28 TP 758 |
£29 GTP 759 (Left SRB 3kirt Curiain) I Y ‘
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TABLE VIII, MAXDMUM MCDEL 19-075 CPERATING CCIDITICHS
I THE CALSPAN LUDWIEG TUBE WIID TUNNEL

SRB CHAMBER HAYTHIR
\ D STMUTATED ALTITUDE

290 psia 13,000 ft,
200 psisa 140,000 1%,
100 psia 150,000 ft.
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MARTT TV —~AimAa A f"r'—'x"f\" [l ¥
TADLE T, DTATA ACTUZEZITT STNEIARY

TUSTRUMENTATICH CONFIGURATION |
DATA ACGUISITICN SYSTEMS 3 | 2 3, &
; 0TS | CTS W/GT® | ¢T . OT W/GTD
MODEL DATA: -
VIDAR:

Heat-Transfer Gauge Channels €5 Lz . 53 Ll

Gas-Temperature Probe Channels -- cl -- G

Total Channels Used 65 €3 83 53

0SCILLCGRAPHS: |

Pressure Caannels ! 9 10 .10 12

Heat-Trensfer Gauge Channels 23 27 25 27

Total Channels Used 3k 37 35 37
?(1) TCTAL MODEL DATA CHAINNELS g9 100 - 958 a0
TUNNEL AND MODEL CPERATING DATA: |
| Vidar Channels 1 -- 1 1

Oscillograph Channels 28 2k 25 25
(2) TOTAL OPERATING DATA CHANNELS 2T 2L 26 2e
UNUSED CHANWELS: :

Vidar _ 3 , 2 12

Oscillogreph - ' 1 2 --
(3) TOTAL UNUSED CHANINELS 2 b 4 12
TOTAL TEST DATA CHAWMELS [(1) + (2) + (3)]] 120 123 128 1 129

87



NOTES:

+Y

1.

W N
. 8

Gixbal angle deflection 1s away from null.

Positive pitch is nozzle treiling edge down.

Positive yaw.1s nozzle trailing edge left.

(P) 1s the atsolute magnitude of the angle.

(Y) is measured counterclockwise from the positive yew zxis,

1
l 1 “ Zg = hOO

xP ! \

|

!

(

|
Left
SRB Zr = Tale)

Ig =0

56
[ ]
OO

VIEW LOCKING FORWART

Ev

Tigure 1. Gimbal anzle definition.
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Figure 2. Croiter venicle.
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2. Orbiter Side
Figure 4. Instrumentation.



6

/\
_‘(

b.
Figure

o ‘Potal
1 Radiation

Orhiter Top
Y, Coentinuved.



£6

Y/o/o = .bO.

C.

i e

Wing Lover sordaeo
oo Continuad.

T Total
1l Radiation



%6

X/C =

015

Lo

d‘

viing Upper Suriace
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%X/L LOCATICHKS MATCH THCSE OF
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Fizure L. Continued,

95



96

TRAILING EDGE
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Continued.
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5 TPotal

h. Left GS/RCS - Inside iurfaces
Foure B, Continued.
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Figure 4. Continued.
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a. First Stage Configuration: Front View
Figure 8. Model 19-0TS installation in the Ludwieg
Tube Wind Tunnel.
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b. First Stage Configuration: Rear View
' Figure 8. Continued.
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Second Stage Configuration:
Figure 8. Continued.
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d. Second Stage Configuration: Rear View
. Figure 8. Concluded.
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Table Bl, IHTS5 Data Gas Recovery Temperature (°K)
Literal Data

HND - No Data DNC - Did lot Converge
Alt. | Run Fos Pos Pos Pos Pos Pos Pos Comments
ML | 77 |752/185 |753/146 |754/148 756/ 234 [757/235 [758/236 | 750
130 | 39 | onc |2931 | 2890 [ o ND ND w |
140 40 | 1544 2180 3016 ND ND ND ND
150 | 41 o2 [371 | 3419 | o D ND | 2nd Stage Config.
160 | 42 | 1384 | 1192 | 2223 | o ND D ND r
170 | 43 | 1137 917 | 2027 | o ND ND o |
140 | 44 | 1440 909 | 1675 | o D HD N | 4
190 | 45 | sn 447 701 | 615 N | onc | 435
100 | 46 | 808 829 842 | 863 | 816 | 948 ND
120 | 47 | 646 684 625 | 1065 | ONC | 1373 ND
130 | 48 | 690 617 931 | onc | 588 | 812 | |
140 | 49 | 453 635 | 818 | 624 | 529 N D _
130 | 50 | 744 639 | 1072 | 735 | 596 | 1071 | 341 Repeat of Run 48
(120 | 51 | 711 | 876 | 1023 | 1311 | 987 | 1870 | 467 ;
100 | 52 D 882 |10 | 9a4 | 929 | 1068 | 563 !
R S _ L .

PR S P O B 2 M P A V)

~—
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B2 Test IHT5 Heat Transfer Coefficient (Cal/cm2-sec-9K)

Table
Iiteral Data
BD - BAD DATA ND - NO DATA
Alt. Run Pos Pos Pos Pos Pos Pos Pos Comments
Kft. | & 752/155 | 753/146 75471481 756/234 757/235| 758/236| 759 |{—=+—GTP/PRESS (POS)
130 | 39 | 1.53-03]6.97-034.21-03| ND 1D ND ND \
140 | 40 | 4.30-03 5.32-0:41.63-02 HD ND 1o ND
150 | 41 | 2.18-03{6.09-031.06-02] 1D Ho HO ND | 2nd Stage Confia.
160 | 42 | 8.98-04]5.12-049.17-03| ND ND ND ND
170 | 43 | 1.43-03|6.09-039.23-03|ND ND HD HY)
140 | 44 | 2.41-03)1.14-047.53-03| HD HD ND ND
140 | 45 | 1.67-02|1.76-041.59-02}2.37-02] HD ND 1.05-02
100 | 46 | 4.74-02]1.66-041.02-02|8.58-02| 4.40-02]2.09-02|ND
120 | 47 | 5.42-02]1.55-041.71-02}1.66-02IND 6.36-03| ND
130 | 48 | 9.61-03| 2.38-038.55-03|BD €.02-02| 7.23-03|ND
140 | 49 | 2.26-02}1.12-046.63-032.52-02 | 6.75-02| ND HD
130 | 50 | 7.69-03]1.94-049.67-03] 2.46-02! 2.00-01{ 3.62-03{4.43-03]  Repeat of Run 48
120 | 5] 2.72-0111.15-09 4.99-03) 2.68-02}1.32-01}1.20-02!7.54-03
100 52 ND 4.62-04 ND 7.67-02] 7.34-01] 2.79-02]1.07-01




Table B3 IHT5 Data Gas Recovery Temperature (°K)

(Input Data + 2)

HD - No Data DNC - Did Not Converge

AMt. | Rkun Fos Pos Pos Pos Pos Pos Pos Comments

Kft. e 752/155 |753/146|754/148[756/234]1757/235'758/2361 759

130 | 39 | 1369 |1093 | ws1 | to Ho ND o | )

140 40 831 967 1091 ND 1D ND ND

150 | 41 759 772 . | 1148 ND MWD ] KD | ND ,_2nd Stage Configq.

160 42 740 713 970 ND ND D ND i —

170 43 687 603 931 ND HD ND ND

140 44 791 597 850 ND D ND ND j

140 45 421 368 500 431 ND _DNC 353

100 | 46 560 565 556 | 549 581 593 ND -

120 | 47 | 484 | 485 | 448 | 648 | pyc | 752 ND ;
1%0| 48 | we | aso | 605 | onc |4z | ses | w0 |

]4g_| 49 DNC 320 | 472 HD 1 527 _Np. ND___. _ —J‘

130 50 499 469 | 672 | 507 454 701 303 Repeat of Run 48 j

120 51 494 587 670 755 633 893 383

100 52 1D 590 _ND | 607 | pnc 657 434
- e . _ i d
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Teble Bt. Test IHTS Heat Transfer Coefficient (Cal/cm®-sec-OK)
(Input Data =+ 2)

BD - BAD DATA DNC - Did Not Converge ND - NO DATA
Alt. Run Pcs Pos Pos Pos Pos Pos Pos Comments
Kft. | # | 752 155 |753/146 [758/14¢8 | 756/234{757/235 |758/236 | 759 |~=—GTP/PRESS (POS)
120 | g [2.25-03 |7.81-0314.81-03 |ND ND ND ND |
140 | 4o [4-55-03 |6.91-03 [1.89-02 |ND HD ND oo
150 | 41 12-33-03 16.43-031.22-02 1D ND ND HD | 2nd Stage Config.
160 | ap [1-14-03 [5.41-G3{1.01-02 [ND ND HD ND [
170 | 43 |1-70-03 [6.31-03]1.02-02 [ND | KD 1D ND
146 | a4 [2-£4-03 [1.16-028.19-03 |ND HD ND ND
149 | 45 |1.26-02 |1.02-011.62-G2 }1.12-01) KD ND 1.10-02
| 100 | ag  |3-96-02 |1.54-021.06-02 |8.32-01] 3.06-02 2.84-02| ND
20|47 |3.37-92 1 .57-02 |2.41-02 2.25-02| ND 7.88-03f ND
| 130 | 4a {}-32-02 |2,47-02)8.95-03 |BD 8.31-04 1.11-02| ND
140 | ag |DNC 1.47-02{1.41-03 {nD 2.31-04 ND ND
130 | 5q [1.14-02 [1.85-02]9.89-03 |3.84-02 3.76-01 3.19-03/4.52-0  Repeat of Run 48
120 | 51 |7-88-01 [1.18-02]4.82-03 |3.€7-02| 2.28-01 1.32-02} 6.85-03 '
100 | s |ND 4.49-02 IND 1.25-01] DNC 3.10-02] 1.03-01 ji
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APPENDIX C

FM DATA TAFPE CORRECTICH



Fi TAPE DATA CORRECTION

The Rockwell-supplied FM-Multiplex

record heat-transfer gauge and zas temperature probe data. The outputs of the

thin-film heat transfer gauges (which are proportional to the surface -empera
ture of the gauge) were recorded on the EM tape. After a test run, the tape
was played back through an analog g-meter and the signals oroportiznal <o hea

transfer rate were recorded on an oscillograph. It was noted, that the heat

,_A
p—

transfer data exhibited a droop that implisd a sever imiZed 2C response

y

0f the system. Only after a careful review of the antire daza ac uisition
3 ) q

system was it discovered that the cause of the droop was not in the cabli ng,

tem, but rather in the circuitry power-

by

the amplifiers or the FM Multiplex sy

s
wv

ing the heat transfer auges deing recorded on FM tape.

The particular bank of heat transfer gauge conditioning circuits
used with the FM tape system were originally intended ¢
tube tunnel. However, they were first used on Test OH-

sonic Shock Tunnel. The circuits have a 1 pfd coupling capacitor in the out-

put and were intended to be used with the amplifiers having a 1 Megobn input
impedance. This would yield a time constant of 1 second, which would have
been adequate. However, in order to meet the data acquisition requirements o

Test IH-73, a large number of amplifiers were borrowed from the hvpersonic
shock tunnel. These amplifiers had an imput impedance of 120 Xohms and re-
sulted in a system time constant of 0.10 seconds.

An analysis of the circuit response for a constant heat transfer
rate has been made in order to determine the corrections to be appiiad to the

data. For a constant heating rate §, the thin film gauge surface temperature

is
29—
T(t) = == Y1
Vrtec=
* Seymour, D.C., "IH-75 Shuttle Base Heating Test Analvsis,” NASA MSFEC

Memorandum ED 53-73-16, May 3, 1978,

t



Analysis of the RC circuit to such an input was made using Laplace transforms.

The output (as recorded on FM tape) was rfound to be

: V4
| 2947 "7 A
T (t) = === e e JdA
vitpc®
(=]
. "‘t/t /\ t/T 2
where 7 = RC, the time constant, and & k/ € o A 1is Dawson's
*
[+ .

Integral and is tabulated.

The correction factors for the recorded heat transfer rate were

found from the general relationship between g, and surface temperature T, (t).

-
i

t
. 2 T.(t) T () = T (A} _
R A e A
Q

vz (+-2)"

This integral relation has been evaluated numerically, using the technique

Y Je
of Cook and Felderman . The relationship can be expressed as

. ock D T () - T,(¢;_,)
(t,)) = 24— 2. s .
q-o " T =1 (tn- t‘:)h + (t_,,-t;-,)h

Since 3, represents the recorded heat transfer rate, whereas q is
the true heat transfer rate, the correction factor q/q. has been evaluated
for 0% ¢t/ £ 08 ( or O £t £ 80 msec). the enclosed figures show T./T
and 3/q. as functions of t/ 7. The curve for T./T compares very well with
that given by Seymour; however, the correction q/q. found here is signifi-
cantly different than obtained by Seymour using a linear approximation to

the To/T curve. Seymour's correction is also shown.

* Gautschi, W. "Error Function and Fresnel Integrals,'” Chap. 7,
Handbook of Mathematical Functions, NBS Appl. Math Series 55, June 1964.

** Cook, W.J. and Felderman, E.J., ''Reduction of Data from Thin-Film Heat-
Transfer Gages: A Concise Numerical Technique,” AIAA Journal Vol. +,
No. 3, pp. 561, 562, March 1966.



During Test IH-75, the Calspan amplifiers were used with Channels 1
thru 41 for the FM-Multiplex Tape Recorder System. Incor amplifiers having
an input impedance of 1 Megohm were used for Channels 42 thru 66. The latter
channels have a time constant of 1 sec. The heat transfer data correction
factors for each group of channels are listed in the following table, along

with the time during which the data were read on each run.

C-4



Heat Transfer Rate Correction Factors.

RUN . TIME CHANNELS CHANNELS
NO. (Msec) 1-41 12-66
4 67 1.94 1.06
S 58 1.77 1.03
6 50 1.64 1.05
7 60 ' 1.81 1.05
8 60 1.81 1.05
9 48 1.61 1.04

10 45 1.36 1.04

11 S0 1.64 . 1.08

12 70 2.00 1.06

13 60 1.81 1.05

14 63 1.86 1.06

15 63 1.36 1.06

16 63 1.86 1.06

17 59 1.79 1.05

18 68 1.96 1.06

19 66 1.92 1.06

20 69 1.98 1.06

21 67 1.94 1.06

22 63 1.86 1.06

23 63 1.86 1.06

24 60 1.81 1.05

25 58 1.77 1.05

26 54 1.70 1.05

27 54 1.70 1.05

28 66 1.92 1.06

25 70 2.00 1.06

30 70 2.00 1.06

31 75 2.10 1.07

32 71 2.02 1.07

33 66 1.92 1.06

34 66 1.92 1.06

33 70 2.00 1.06

36 72 2.04 1.07

37 70 2.00 1.06

38 76 2.13 1.07

39 76 2.13 1.07

40 76 2.13 1.07

41 73 2.06 1.07

42 70 2.00 1.06

43 70 2.00 1.06

14 79 2.19 1.07

45 66 1.92 1.06

46 66 1.92 1.06



Cont'd. Heat Transfer Rate Correction Factors.

RUN TIME CHANNELS CHANNELS
NO., (Msec) 1-41 42-66
47 64 1.88 1.06
48 73 2.06 1.07
49 73 2.06 1.07
50 72 2.04 1.07
51 58 1.77 1.03
52 64 1.38 1.06
55 52 1.67 « 1.05
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APPHIIDIX D

FLCW CALIBRATION CF MACH 3.3 FIBERGLASS
- -~ aracia / - - - LT > —— -
NOZZLIE I MASA/CALSPAN LUDVWIEG TUBE TUMIEL



FLCUW CALIBRATICH COF HACE 3.2 ?:u LSCQ NC"Z'E
Iil TASA/CALSPAYN LUDWIEG TUSE TUR

A series of cslibration

+'A
il

Test THT5 to determine

ag

)

€3]

upply tube operating condit

o : e
300°F) at pressures (PO) approximating

tests were periormed orior
e airflow charzacter
iberglass nozzle for the HWAS A/Calspan

ions consisted

S

¢cO obace

istics of the contoured Mach

Iudwieg Tube Wind Tunnel.
of heated nitrozgen (nominally

Tl
LB

range reduired during

test program of the 19-0TS Space Snuttle xodel.

The average value of the Mazch number determined Ircm the calidbrztion
tests is 3.L8L., There was no discernivle wvariziion in Mach nunber wizh
Reynolds nunber over the range of the tesis.

4 three-armed rake instrumented

T0 survey the Ilow.

witi piiotT-nressure

Figure DLl depicis the r&l

Q

conTiguration and define

the prove positions. The Tlow surveys were made with the odrobes located
2t the exit plene of the nozzle, at a location 12 inchss into tie nozzle,
and 12 inches downmstrezm of the rnozzle exi®t, In =2ddéition, at tae nozzle
exit plane location, the rake was rotated fQOO from 1ts nominal pesition

tc check flow symmetiry.

The pitot~pressure proves were

pressure transducers navizg a nomingl

0-3 psi. The nozzle flow stag

range of
two probes instrumented with

sensitivity of SO mv/psi

PZT-37-23

and a2 range O0-100 psi., A

seasitivity of 1.%5 v/psi and a

snation pressure was measured with

FRN
924

transducers thst have a noxminal

11 transducers were

D-2



FLCW CALIBRATION CF MACH 3.5 FIZERCLASS NCZZLE
TN HASA/CAISPAN LUDWIEG TUBE TUNNEL (Continued)

alivrated teifore snd sfter nozzle Tlow calibvrations.

Calibration Tests

The nominal test conditions For the calibrations were z stzgnation
temperature of 300°F and a nozzle exit static pressure equal to 1/2 ihre

ambient vressure 2t altitudes of 100, 110, 130 and 140 XFT., Most of tue

(@V]

calibration tests were made at tie hignest znd lowest z2ltitude conditicns
with only one run at each of the two intermadiate altitudes. Tre zest
conditions For all runs are surmarized in Tavle IZT,

Tne cglibration results for the lcwest altitude condition zre swane-
rized in Figure D2, which shows the radial distrivuticn oI corii pizcet

sressure normalized oy stagnation pressure =nd iLizch number. Because no

Ilow asymmetry was detectarle, the data froxm all three arms cf The raxe

are plotted versus radial distance from tne centerline. The ldentificazion

numsers of the proves are shown along the radial distance scale.
The calibrations for Ihe nighest aliitude zre summarized in Figure
D3. The presantation of the datz is the same as in Figure D2, =

average Mach number of all the data showa in Figure D3 is 3.493, wiereas

b

the average value for the data in Figure D2 is 3.477. Because the
difTerence is much less than the scatter 2T the data, =z variztion wita

itude (or Reynolds number) can not ve datected. This is also eviden:

l_J

in Pigures D4 througn DE. TFigure DL shows data 2t eaca of the four test

)

conditicns with the rake in fixed posiiion. Figures DS througn TS cou-

pare data at the Two exirems zliitudes for varicus rake orientasions and
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TT O AT TTEDAMTAN AT YA 2 Ttk
FLOW CALISRATICK OF l[ACH 3., H0ZZLm

=

s
e mes o r T st vr - — —- R - R
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ct
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zlane., TFigure DS, which is for the lowest altitude test conditicn, shovs
ekceptionally little scatter., Figure D10 is for the hizhest altitude.
The scatter in the dzta measured by & ziven prote os the ralke iz rotated
is rnuchh less than the variation witn radial distzance,

Tre data from the individual runs are sheown in Figures D11l zhroush
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TARIE DI
SUMMARY OF CALIBRATION TESTS
M = 3.5 NOZZLE, NITROGEN

Run P, T, Rake Position Po To
Number (psia) (°F) X (in.) #1 Arm (psia) (°F)
18 7.80 358 "0 Up 5.95 329
2 4.25 363 0 Up 3.37 314
3 2.18 362 0 Up 1.76 315
4 7.70 354 0 South 5.99 317
6 7.83 362 0 North 6.12 328
7 1.50 353 0 North 1.24 508
8 1.40 356 0 Up 1.23 308
9 1.38 362 0 South 1.17 303
10 7.95 349 +12 Up 6.19 322
11 1.56 317 +12 Up 1.29 280
12 7.78 319 -12 Up 6.06 298
13 1.38 311 -12 Up 1.15 271
14 7.70 325 0 Up 5.88 301
15 7.68 320 0 Up 5.87 300
16 1.38 341 0 Up 1.13 280
1. P4 and T4 are static conditions in the supply tube prior to diaphragm rupture.
2. X = +#12" is into ithe nozzle, X = -12" is downstream of the nozzle exit.

#1 Arm of the rake is identified in Figure Dl1.

(9]

4. No data were obtained on Run 5 because of a premature diaphragm rupture.



Frses Mo, [ ARM #y
| =T

!
2 /l
3="T

4

57-/‘/-’ &

~— /;f‘/é’/‘// 4;-3

PITOT ARM RADIAL
PROBE NO. DIST. (IN)
1 1 27.5
2 1 27.0
3 1 ! 18.5
4 1 14.0
S 1 9.0
6 1 4.5
7 2 9.0
! 3 3 3.0
1 9 3 12.0
; 10 ; 3 ' 22.5
| U
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