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BUMMARY

Thiep report presents the resulte of asrodynsinlc heating investigations
conducted on 0,006 scale models of three Rockwell International S8V orbiter
configuretions in the NASA/IRC - Mach 8 Verisble Density Tunnel, During a
previous test in this freility (19 March - 28 March 1973), verious Rockwell
International S8V ocrbilter configurations were tested. It was estdblished
that lower surface modifications to one of these configurations (Model
S8-H-00326-4) would alleviate premature trensgition. Duta acguired in the
vieinity of these modlificeticns were inwalid since the patching epoxy used
was different from the cast model material. Therefore, the master pattern
of this configurstion was reworked to incorporate the modifications and
three identical models were cest. One of these (88-H-00326B-5) was striped
with a reference grid system and the remaining two used as test wmodels
{88-H~-003268-6 and -7). These three models, a new casting of model SS-H-00326-k,
end & model of an earlier Phase B configuration (NR 110 D) comprised the

five models ubtilized for these investigations.

Be-entry date were acquired on these models at angles of atback from 30
to 40 degrees for nominal Reynolds mumbers per foot of 1.0, 3.0, 6.0 and 8.0
wmillicn uwtilizing the phase change paint teelmique. A total of 17 orbiter
heating runs and 3 orbiter oll flow runs were completed from 8 May through

10 May 1973 on & L0 hour week basis.

Cognizant personnel included:
H. Gorowitz, Thermodynamics (Rockwell International), (213)922-1567
R. White, Model Design (GAC), (516)575-70uUk
M. Quan, Test Engineering {Rockwell International), (213)922-2695 <l

A. D'Errico, Test Engineering (GAC), (516)575-704k
4
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DESCRIPTION OF MCDEL

Five models were febricated for this test. The first (SS~H-00326-4)
was a previously tesi d model of the Rockwell International 2A Lightwelght
Configuration double delts wing orbiter as described on drawlngs VL 70-000089B,
YL 70-0000024A and VI 70-000093 with modificaetlions as shown in Pigures 1, &
and 3. The next three models were ldentical castings of & modification
made to the pattern from which model SS-H~00326-4 wes made. The modification
included filling the lower surface void at the wing/cuft intersection and
incressing the left hand planform radius between the wing/cuff leading edges
to be symetrical with the right side. (See photo 5). One of these models
(8S-H-00326B-5) wae striped with white paint as shown in Flgure Y%, and used
ag g reference grid wodel, The other two were used for testing and designgted

88-H-00326B-6 and -7.

The four sbove mentioned .pp593 scale models were cast around 3/%
inch steel stings coated with R.T.V. using meterial "G", & proprietary
Grunman Aerospace (orporgtion epoxy. Tt should be noted that the patierns
from which these models were cast were designed and febricated to 0.006
scale. Due to the shrinkege of the model material during cesting, the models

were measured to actually be 0.00593 szale.

In order to insure sufficient date acquisition time, the upper surface of
each wing was slabbed using two control sections, At B.IL, 199-045, the wing
was alabbed in a stralght line from the 40 percent chord to a trailing edge
thickness of 0.200 inches model. scale. The tip of the wing was slabbed from
the 40 percent chord to a trailing edge thickness of 0,060 inches model scale,
The rest of the wing was slebbed from the 40 percent chord to a straight line

5



DESCRIPTION OF MOPRL (CONTINUED)

between these two points on the tralling edge. In addition, the sterboard
gide of each wverticel tall was held teo contour while the port side was slabbed

frem the maximum thickness to the tradiling edrs.

The £1fth model used during this test was & 0.006 scale version of &
previcusly tested Rockwell International Phase B design orblter degignated
as NR 110 D. It was cast using Stycast 2762 and was equipped with a tteal
nose cup to prevent excesslve ablation and degradsbion of contour in the nose

region,
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CONFIGURATION DESCRIPIION

The basic orbiter tested was essentially tsken from the Roclkwell Imter-
netional ZA Configuration Idnes. However, due to the nabture of this testing,
Variations te the basle lines were iIncorporated into these modeis. Any
required gecmetric date can be obtained from Flgures, 1, 2 and 3 of thisz
report. Fach configuration has been designated by its model drawlng number

and 1s listed below with a brief description.

CONFIAURATION DESCRIPIICN

88-H-00326-4 Basic 2A Configuration with exceptions
as noted on fMgures 1, 2, 3 and in

Desceription of Model section of this report.

88-H-003268-5, ~6, =7 Same as ebove with modification as
described in Description of Model section

of this repor:.

NR 110D Previously tested model of & Rockwell

International Phase B design crbiter.
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DATA REDUCIION

The phase chunge paint method, as developed by Jones and Hunt (Refer-
ence 1), makes use of tempersture gensitive paint which changes phese from
an opague solld to o clear liquid at known temperstures., Sudden exposure of
the model, thinly ccoated with this paint, to a hypersonic airsteam initlates
gerodynamic heating, and melting of the paint ensues as local surface temper-
aturss reach the prescribed phase-chanpge temperature, The propagatlion of
these isctherms was recordsd on motion pleture film. This information was
uged in conjunction with the seml-infinite slab solution of the transient one-
dimensional heat conduction equation to compute local hest transfer coefficients,
which depend on the time reguired for phase-change to occur, the time conditions
and the thermal properties of the model wall materisl. A reference grid system
was applled to one of the test models - ulch was photographed et ecach test
attitude. These grid photos can be ussd as overlays to elmplify data anslyais.

Phase change paint dats reductlon was based on the solution of the
trangient one-dimensional neat transfer equgtion:

3T = o %1 (Eqn 1)
ot ox®
where: temperature
time

thermal diffusivity
distence of heat penetration measursd normal to model surface,

nona

T
t
o
X

The solution to this edquation was used to compubte local £ilm heat
transfer coefficients with the following assumpiicns which describe the
boundary conditions:

(a) ‘The depth of heat penetration inte the wall was small compered with

the wall thickness and surface radius of curvature so that the wall

acted like & semi-infinite slab.
Ty t ) = Ty (Ean 2)

(b} The model was iscthermal before injection intc the airstream.

3ec

T(X,0) = Ty (Egn 3)

{¢) The surface experienced an instentanecus step in asrodynsmic heat
transfer coefficient and this coefficlent was invarient with time.

OMO0sbeee) =y [1, T(0,55,,)] (Eqn 4)
—ox | K
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L (d) The thermol diffusivity of the well, = u k/pCp, was invarient with
temperature,

“he solubtion of equation (1) ms given in Reference (2) is:

¢ — 82
: T=1-€ erfep (Egn 5)
where T and B ere paramcters glven as;
i R (Eqn 6)
Taw = Loy

g =:l£jﬂ££,
1[1?7??%: {(Ean 7)

Phase change paint tempersture {(OF)

initial wodel temperature (OF)

Adigbatic wall temperature (9F)

Film hest trensfer cosfficient (Btu/ft?-sec-OF)

time (sec)

Density of model materisl {Ib/£t3)

Specific heat of model material (Btu/ib-CF)

Thermel conduetivity and wodel wuterisl (Btu/ft-sec-OF)

5
&
S
28
e

j=3
B noun

t
p
p
k

0 Bn

. For each test run, the paremeter T was caculated by using Bquation
J {6}, Por each T, a f was deternined from Eguation {5}. 8ince the thermo-
rhysical properties, k, p and Cp of the model were known and the time reguired
far the phase change to cceur was read from the date £ilm, the hest tranefer
coefficient, h, was calculabed for each isotherm by using Equation (7).

The merodynamic heating rate, 4 (Btu/ft®-sec), was then caleulsted as:
g = h(Ty-T,) (Equ 8)

v, Hemt transfer coefflcients, h, were reduced to non-dimensional form

o us the ratio of h/hg, were hy ia the theoretical heat transfer coefficient
L at the stegnation point of a l-foot radius sphere ab model scale., This

vy coeff@cient was determined by first calculating the stagration point heabing
R rete gy, given by Fey-Riddel ae: .



'} = I 01‘!"'
q, = 008575 Too' Tyt 198.6
‘V N
R
Ty ¥ L 0028871 Fao' 0.5
Pe Tpo’y *y »C02LCTL Prg - Fo Hpg Hy (Zqn 9)
Ty + 198, P
where: Np = Nose radiue (£t)
Tro = Tuanel totel tewpsrature (OF)
Ty = Well temperature (OF)
pw = Tunnel static density (1b/ft3)
Ppo = Punnel totel pressure lb f‘t‘f)z
Pw = Tunnel stetic pressure {1b/£%°)
HpgHy = Enthualpy difference between wall and free stream (Btu)

By substituting gy into Equation (8), we caleulated the stagnation peint
heat transfer coefficient, hs‘

The data were reduced for the recovery factors listed in Table 1,
These recovery factors, RT, which are a measure of the fraction of the
free stream dynamle temperature rise recovered at the wall, are defined as:
Bp = Tay (Eqn 10)
Iro
vhere: LAW = Adiebatic wall tewperature (CF)
Ipo = Tunnel totel tempersture (OF)

For various tunnel conditions and recovery factors, we solve for Taw which in
turn is substituted into Eguations {6) and (8).

o
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TEST FACILITY DESCRIPTION

The Lengley Mach 8 Varlable-Density Hypersonlc Tunnel ls located in
Building 1247D end is under the directicn of the Aero-Physics Division.
This tunnel is used for fundamental aerodynamic and fluid dynamie invesw
tigetions over large Reynolds number ranges using pressure and heat trans-
fer measurements. 'The test modium is air and is heated by & combination
of Dowtherm and elecitrical resistance., Model mounting consists of sting
mount with injection mechenisw. The tunnel hasg an exielly symmetric con-
toured nozzle. The test section diameter is 18 inches with a core of b
to 1 inches depending on pressure. It exhausts into a vacuum tank or the
atmosphere.

Exemples of operabting conditions are as follows:

Stagnation pressure (PSIA) . . . . . 15 to 2930

Stagnation temperature (°R) . . . . . 1160 to 1510

Mach NtwbeX . o o o ¢ o o v = & o « » 7.5 to 8.0

Reynolds number per foot (1/ft) , . . 0.1 x 10% %0 12.0 x 100

Running time (SEC), for

Exhausting into vacuunm tank 90

Exhausting into atmosphere 600



PHASE CHANGE PAINT DATA

The test results are shown in Figures 11 through 41 in the form of
heating contours. The contours ere correlated to heat transfer coefficilent
ratice (h/hg), the ratio of local heat transfer coefficient on the model
surface to the heat transfer coefficlent at the stagnation point of & one~
foot raedius sphere at model scele. A 1liat of the tunnel conditions for each

run is presented as Table 3 in the order in which they we%'e mede .
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TABLE 1: DATA REDUCTION RECOVERY FACTORS

RECOVERY FACTOR, ~aw/Imo

ANGLE OF ATTACK, o (DEG) WINDWARD VIEW PROFILE VIEW

30 .910 .900
Lo .932

g m T L em s e s e e 2

g
s T e i e

: -

[ o e
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TARLE 2:; MODEL MATERIAL PRuv.ATIES, ¥ k p C

p
Tpe (°F) ¥k op c, (BYU/FI®-g .0 O-5 . Op)

125 LOh80

150 . OLG6

200 .0478

250 .oﬁgg

300 .0

350 0500

Loo L0503
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FIGURE 3 ORBITER MODEL GRID SYSTEM
(PLAN VIEW)
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