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1.0 INTRODUCTION 

The work reported herein was conducted by the Arnold Engineering 
Development Center (AEDC), A~r Force System Command (AFSC), at the re- 
quest of the Space and Missile Systems Organization (SAMSO/RSSE) under 
Program Element 63311F. Mr. Elton Thompson of AEDC/DOTR was the project 
monitor. The results of the test were obtained by ARO, Inc., AEDC 
Division (a Sverdrup Corporation Company), contract operator of AEDC, 
AFSC, Arnold Air Force Station, Tennessee, under ARO Project Number 
V41F-56. 

The test were conducted in the Hypervelocity Wind Tunnel (F), von 
Karman Gas Dynamics Facility (VKF), AEDC from July 13, 1978 through 
Aug. 16, 1978. The test objective was to measure transition position 
on various configurations using several types of boundary layer trips. 
The tests were conducted at a nominal free-stream Mach number of 9 and 
over a free-stream Reynolds number range from 0.5 x 106/ft to 20 x 106/ft. 
Inquiries for copies of the test data should be directed to AEDC/DOTR, 
Arnold AFS, Tennessee, 37389. A microfilm record has been retained in 
the VKF at AEDC. 

2.0 APPARATUS 

2.1 WIND TUNNEL 

The Hypervelocity Wind Tunnel F (Fig. I) is an arc-driven wind tunnel 
of the hotshot type (Refs. I and 2) and capable of providing Mach numbers 
from about 7 to 13 over a Reynolds number per ft range from 0.2 x 10 u to 
50 x 106 . Tests are conducted in a family of three contoured nozzles. 
The three axisymmetric, contoured nozzles have 25-in., 40-in., and 48-in. 
exit diameters, which connect to the 54-in.-diam test station and provide 
a free-jet exhaust (Fig. 2). The test gas for aerodynamic and aerothermo- 
dynamic testing is nitrogen. Air is used for combustion tests. The test 
gas is confined in either a 1.0-cu-ft, 2.5-cu-ft, or a 4.0-cu-ft arc- 
chamber where it is heated and compressed by an electric arc discharge. 
The increase in pressure results in a diaphragm rupture with the subsequent 
flow expansion through the nozzle. Test times are typically from 50 to 
200 msec. Shadowgraph, schlieren, and holography coverage is available at 
the 54-in. diam test station. 

This test was conducted using the 40-in.-exit-diam contoured nozzle 
in the 54-in.-diam test section to obtain a nominal free-stream Mach number 
of 9. A tunnel installation sketch is presented in Fig. 3. Nitrogen was 
the test gas. The 4-cu-ft arc chamber was used, and useful test times up 
to approximately 100 msec were obtained. Because of the relatively short 
test times, the model wall temperature remained essentially invariant from 
the initial value of approximately 540°R, thus T /TO = 0.20 to 0.38 which 
approximates the condition of practical interestWfor re-entry vehicles. 

2.2 MODEL 

The test articles (existing VKF models) consisted of a 43.753 inch 
(blunt length) cone illustrated in Fig. 4 to which a 14-deg biconic nose 
could be added (Fig. 5) and a 5-deg cone illustrated in Fig. 6. Details 
of gage locations are presented in Tables I, 2, and 3 of Appendix B. The 



nominal surface roughness for all models was 32 microinches. Both dis- 
tributed roughness and spherical type boundary layer trips were used. 
Their application to the various models is shown in Table 4 and trip 
details are given in Table 5 of Appendix B. 

A small boundary layer survey rake was attached to the base of the 
7-deg model on all runs as shown in Fig. 7. The rake was not used on 
the 5-deg model. 

2.3 INSTRUMENTATION AND MEASUREMENT ACCURACY 

2.3.1 Test Conditions 

The test section was instrumented with various probes to monitor 
the tunnel conditions. These probes comprised two hemisphere cylinders 
instrumented with coaxial heat-transfer gages and two pitot pressures. 
The probes were mounted at an appropriate distance from the model to 
eliminate shock interference. In addition, four static pressure trans- 
ducers were installed at Sta 365 in the 40-inch diam nozzle. 

The diameter of the hemisphere cylinder heat probes was selected as 
the maximum size that would maintain a laminar boundary layer at the 
shoulder gage locations. This criterion dictated I/2-in-diam probes at 
the Mach 9 test condition. The hemisphere cylinders were instrumented 
with coaxial surface thermocouples to measure the heat transfer rate at 
the stagnation and shoulder location. The reference stagnation heat 
transfer rate QREF on a sphere~ms obtained by inferring the shoulder 
readings to the stagnation point. 

Pressure measurements were obtained using standard AEDC-VKF strain- 
gage transducers. The free-stream pitot pressure POP~s measured with 
15-, 100-, or 300-psld transducers featuring a sealed reference port. 
The nozzle static pressure measurements were obtained with I- or 15-psid 
transducers referenced to vacuum or atmosphere, respectively. These 
pltot and static measurements are used to determine free stream Mach 
number (see Section 3.2). 

Transducer accuracy is defined as a bandwidth which includes 95 
percent of the calibration residuals, i.e. 2~ deviations. Based on 
periodic comparisons with secondary standards, the accuracy of the 
pressure transducers is estimated to be ±7 percent of their reading. 
Likewise, coaxial thermocouple accuracy is estimated to be ±3 percent 
of their reading based upon laboratory calibrations and comparison with 
a working standard. 

2.3.2 Model Instrumentation 

Model pressures were measured with internally mounted pressure 
transducers built and installed by AEDC-VKF. For pressures greater than 
I psid, a wafer style semiconductor strain gage transducer with a sealed 
reference port was used. For pressures less than I psid, a similar 
wafer transducer was used with the reference port at near vacuum pressure. 
The wafer transducer is nominally 0.56 in. dlam by 0.25 in. thick. 
Application of a differential pressure produces a force on the metal 



diaphragm. The diaphragm is instrumented with two semiconductor strain 
gages which sense the deflection. Based on periodic comparisons with 
secondary standards, the accuracy of these transducers is estimated to 
be ±I percent of reading. 

Coaxial surface thermocouple gages built and installed by AEDC-VKF 
were used to measure the surface heating rate distributions. The coaxial 
gage consists of an electrically insulated Chromel ® center conductor en- 
closed in a cylindrical constantan jacket. After assembly and installation 
in the model, the gage materials are blended together with a Jeweler's file. 
This results in thermal and electrical contact between the two materials 
in a thin layer at the surface of the gage; i.e., a surface thermocouple. 
A second result of filing the gage surface is the opportunity for "perfect" 
contouring of the gage to the model surface, a fact that is important for 
transition studies since no measurable steps or gaps are introduced by 
the gages. 

In practical measurement applications, the surface thermocouple be- 
haves as a homogeneous, one-dlmensional, semi-inflnite solid. The instru- 
ment provides an electromotive force (E.M.F.) directly proportional to 
surface temperature which may be related by theory to the incident heat 
flux. All heat-transfer gages were bench calibrated prior to their 
installation into the model. Based on periodic comparisons with the 
working standard, the accuracy of the gage is estimated to be ±3 per- 
cent of reading. 

All instrumentation discussed was developed at AEDC specifically for 
Tunnel F applications. Further description and discussion can be found in 
Refs. 2, 3, and 4. 

3.0 PROCEDURES 

3.1 TEST PROCEDURES 

The primary test variables were model cone angle, trip configuration, 
and Reynolds number. Angle-of-attack was held at zero. The minature 
boundary layer survey rake was installed at the aft end of the 7-deg cone 
and biconic model, but not used on the 5-deg cone. The objective of each 
run was to establish the "effective point" of each trip configuration; i.e. 
the Reynolds number at which the trip produces fully turbulent flow over 
the entire model. A complete listing of pertinent variables is presented 
in the Run Summary (Table 4, Appendix B). 

3.2 TEST CONDITIONS 

The method of determining the tunnel flow conditions is briefly 
summarized as follows: instantaneous values of nozzle static pressure 
and pitot pressure POP are measured, and an instantaneous value of the 
stagnation heat transfer rate QREF is inferred from a direct measurement 
of shoulder heat rates on the hemisphere cylinder heat probes. Total 
enthalpy(HO) is calculated from POP and QREF and the heat probe radius, 
using fay-Riddell theory, Ref. 5. The free-stream static pressure is 



obtained from the nozzle static pressures in a correlation determined 
from previous detail tunnel calibrations. The Mach number is ca]cnh, ted 
from the isentropic relationship using the test section pltot pressure 
and static pressure. 

The centerline pitot pressure on the test model, the Mach number and 
HO are then used to calculate the free-stream conditions from isentropic 
flow equations and the normal shock relationships. The isentropic res- 
ervoir conditions are read from tabulated thermodynamic data for nitrogen 
(Ref. 6) using HO and s /R. The equations for this procedure are contained 
in Refs. 7 and 8. 

Test conditions for this test were 

Condition ~M-INF ~TO °R 

9 

%(RE/FT x 10-6)Range 

1800 18 to 8 
2000 12 to 5 
2200 5 to 3 
2500 3 to 0.5 

3.3 DATA ACQUISITION AND REDUCTION 

The model data (pressure and heat transfer rate) and the 
tunnel monitor probe data were recorded on the Tunnel F Transient Data 
System (TDS). The TDS is capable of scanning the 100 available data 
channels at preselected rates (normally 100,000 samples/sec). Data for 
an entire run were stored on the disk unit of a PDP 11/40 Computer which 
is an integral part of the TDS. The run data plus calibration results 
and model constants are transmitted to an off line digital computer for 
final data reduction. 

Since Tunnel F operates with a constant volume reservoir with an 
initial charge density, the reservoir conditions decay with time. As a 
result, all tunnel conditions and model data results vary with time during 
the useful data range. Nondimensional values such as M-INF and model 
pressure/POP are relatively constant with time. Timewise variations in 
Reynolds number permit acquisition of data at different Reynolds numbers 
for the same run. 

4.0 DATA UNCERTAINTY 

4.1 TEST CONDITIONS 

The accuracy of the transducer output (pressure and heat trans- 
fer rate) under laboratory conditions was discussed in Section 2.3. The 
uncertainties of measured data, however, are higher due to the dynamics of 
the measurements and system errors. The uncertainties in the monitor probe 
measurements (POP and QO) were estimated considering both the static load 
calibrations and the repeatability of the test section pitot profiles. The 
uncertainty in the pressure data (POP) is estimated to be ±4 percent for a 
single measurement and ±3 percent based on an average of two measurements. 
The heat transfer rate (QO) uncertainty is ±9 percent based on a single 
measurement and ±5 percent based on an average of four measurements. The 
uncertainty in the Mach number (M-IN-F) determined from the nozzle static pres- 
sure correlation is ±3 percent. 



The accuracy (based on 2o deviation) of the basic tunnel parameters, 
POP, QO and M-INF (see Section 2.3) was combined by the Taylor series method 
of error propagation to estimate uncertainties in the other free-stream 
parameters using Eq. (I). 

(AF)2 = ~Y AX| + AX 2 + AX 3 .... + AX n (I) 

where AF is the absolute uncertainty in the dependent parameter 

F = f(X I, X 2, X 3, .... X n) and Xn are the independent parameters (or basic 

measurements). AX are the uncertainties (errors) in the independent 
n 

measurements (or variables). Representative uncertainties are given below: 

UNCERTAINTY ±~ PERCENT 

P-INF T-INF RE/FT 

7 8 11 

4.2 MODEL DATA 

The uncertainty estimates for the model heat-transfer rate and pres- 
sure data are given below in terms of the absolute level measured. The 
reference heat transfer rate, QO, uncertainty is ±5 percent and POP is ±3 
percent. Therefore, the uncertainty of the nondimensional ratio Q/QO and 
P/POP by the Taylor series method of error propagation (Eq. I) yields the 
following: 

UNCERTAINTY (±)~ PERCENT 

Q Range 

Btu/ft2-sec Q Q/QO 

> 1 . 0  9 10 

0 . 2  ÷ 1 .0  14 15 

P Range 
psia P P/POP 

>0.5 4 5 

<0.5 9 10 

5.0 DATA PACKAGE PRESENTATION 

A sample of the test results in the form of tabulated timewise data 
and computer generated plots is presented in Appendix C. The timewise 
variation of Reynolds number during a typical Tunnel F run makes it 
particulary attractive for transition type testing. Sufficient time- 
points were provided on all runs such that variations in transition 
location can be observed. 



Experimental results are shown in Fig. 8 for the case of run 6010. 
Comparison of these results with laminar and turbulent theory shows 
excellent agreement which is considered adequate validation of the data 
quality. 

These data represent an expansion of earlier work by Boudreau (Ref. 
9) and may be compared directly with those results. 
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TABLE I 

S, S/R N for ?-deg Cone 

Gage S S/R N Gage 
Nam e i n ch e s Name 

S 

inches 
S/R N 

OQ6 1 . 9 5  3 . 3 1  0Q27 
OQ7 2 . 9 5  5 .01  0Q28 
OQ8 4 . 0 6  6 . 8 9  0Q29 
OQ9 5 . 0 8  8 . 6 2  OQ30 
OQ10 6 . 0 9  1 0 . 3 3  0Q31 
OQl l  7 . 1 0  1 2 . 0 5  0Q32 
OQ12 8 . 1 1  13 .77  0Q33 
0Q13 9 . 1 3  1 5 . 5 0  0Q34 
0Q14 1 0 . 1 4  1 7 . 2 2  0Q35 
OQ15 1 1 . 1 5  1 8 . 9 3  0Q37 
OQ16 1 2 . 1 6  2 0 . 6 5  CQ39 
OQ17 13 .17  2 2 . 3 6  OQ41 
OQ18 1 4 . 1 8  2 4 . 0 7  0Q43 
OQ19 1 5 . 1 9  2 5 . 7 9  0Q45 
OQ20 1 6 . 2 0  2 7 . 5 0  0Q47 
0Q21 17 .21  2 9 . 2 2  90P47 
0Q22 18.22 30.93 27p47 
0Q23 1 9 . 2 2  3 2 . 6 3  
0Q24 2 0 . 2 3  3 4 . 3 5  
0Q25 2 1 . 2 4  3 6 . 0 6  
0Q26 2 2 . 2 4  3 7 . 7 6  

2 3 . 2 5  
2 4 . 2 6  
2 5 . 2 7  
2 6 . 2 8  
2 7 . 2 9  
2 8 . 3 0  
2 9 . 3 1  
3 0 . 3 2  
3 1 . 3 2  
3 3 . 3 4  
3 5 . 3 6  
3 7 . 3 9  
3 9 . 3 9  
4 1 . 4 1  
4 3 . 4 4  
4 3 . 4 4  
4 3 . 4 4  

3 9 . 4 7  
4 1 . 1 9  
4 2 . 9 0  
4 4 . 6 2  
4 6 . 3 3  
4 8 . 0 5  
4 9 . 7 6  
5 1 . 4 8  
5 3 . 1 7  
56.6O 
6 0 . 0 3  
6 3 . 4 8  
6 6 . 8 9  
7O .31 
7 3 . 7 5  
7 3 . 7 5  
7 3 . 7 5  

19 



TABLE 2 

S, S/R N f o r  B i c o n i c  Model  

Ga g e  S S / R  N Ga g e  
Name i n c h e s  Name 

S 
i n c h e s  

S/R N 

14Q1 
14Q2 
14Q3 
14Q4 
14Q5 
14Q6 
14Q7 
14Q8 
14Q9 
14QlO 
14Qll 
14Q12 
14Q13 
14Q14 
14Q15 
14Q16 
14Q17 
14Q18 
14Q19 
14Q2O 
14Q21 
14Q22 
14Q23 
14Q24 
14Q25 
14Q26 

1 . 4 2  
2 . 4 5  
3 . 4 8  
4 . 5 1  
5 . 5 4  
6 . 5 7  
7 . 6 0  
8 . 6 3  
9 . 6 6  

1 0 . 6 9  
1 1 . 7 2  
1 2 . 7 5  
1 3 . 7 8  

1 . 4 2  
2 . 4 5  
3 . 4 8  
4 . 5 1  
5 . 5 4  
6 . 5 7  
7 . 6 0  
8 . 6 3  
9 . 6 6  

1 0 . 6 9  
1 1 . 7 2  
1 2 . 7 5  
1 3 . 7 8  

2 . 4 1  
4 . 1 6  
5 . 9 1  
7 . 6 6  
9 . 4 1  

1 1 . 1 5  
1 2 . 9 0  
1 4 . 6 5  
1 6 . 4 0  
1 8 . 1 5  
1 9 . 9 0  
2 1 . 6 5  
2 3 . 4 0  

2 . 4 1  
4 . 1 6  
5 . 9 1  
7 . 6 6  
9 . 4 1  

1 1 . 1 5  
1 2 . 9 o  
1 4 . 6 5  
1 6 . 4 0  
]8.15 
19.90 
21.65 
23.40 

OQ32 
oQ33 
OQ34 
OQ35 
OQ36 
OQ37 
OQ38 
OQ39 
OQ4O 
OQ41 
0Q42 
0Q43 
OQ44 
0Q45 
0Q46 
0Q47 

18Q32 
18Q34 
18Q36 
18Q38 
18Q39 
18Q4O 
18Q41 
18Q42 
18Q43 
18Q44 
18Q46 
18Q47 
9oP47 
27p47  

1 4 . 8 1  
1 5 . 8 2  
1 6 . 8 3  
1 7 . 8 4  
1 8 . 8 4  
1 9 . 8 5  
2 0 . 8 5  
2 1 . 8 6  
2 2 . 8 7  
2 3 . 8 8  
2 4 . 8 9  
2 5 . 9 0  
2 6 . 9 0  
2 7 . 9 1  
2 8 . 9 2  
2 9 . 9 2  

1 4 . 8 1  
1 6 . 8 3  
1 8 . 8 4  
2 0 . 8 5  
2 1 . 8 6  
2 2 . 8 7  
2 3 . 8 8  
2 4 . 8 9  
25.90 
26.90 
28.92 
29.92 
29.92 
29.92 

2 5 . 1 4  
2 6 . 8 6  
2 8 . 5 7  
3 0 . 2 9  
3 1 . 9 9  
3 3 . 7 0  
3 5 . 4 0  
3 7 . 1 1  
3 8 . 8 3  
40.54 
42.26 
43.97 
45.67 
47.39 
49. I0 
5 0 . 8 0  

2 5 . 1 4  
2 8 . 5 7  
3 1 . 9 9  
3 5 . 4 0  
3 7 . 1 1  
3 8 . 8 3  
4 0 . 5 4  
4 2 . 2 6  
4 3 . 9 7  
4 5 . 6 7  
4 9 . 1 0  
5 0 . 8 0  
5 0 . 8 0  
5 0 . 8 0  
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TABLE 3 

S, S/R N f o r  5 - d e g  Cone 

Ga g e  S S / R  N Ga g e  
Name i n c h e s  Name 

S 
i n c h e s  

S/R N 

OQ1 5 . 0 0  1 0 . 0 0  Opl  
OQ2 6 . 2 5  1 2 . 5 0  Op2 
OQ3 7 . 5 0  1 5 . 0 0  Op3 
OQ4 1 0 . 0 0  2 0 . 0 0  Op4 
OQ5 1 2 . 9 0  2 5 . 8 0  Op5 
OQ6 1 5 . 9 0  3 1 . 8 0  Op6 
OQ7 1 8 . 9 0  3 7 . 8 0  Op7 
OQ8 2 1 . 9 0  4 3 . 8 0  
OQ9 2 4 . 5 0  4 9 . 0 0  
OQIO 2 7 . 9 0  5 5 . 8 0  

12.50 
15.00 
17.50 
20.00 
22.50 
25.00 
27.50 

25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 

18Q1 
18Q2 
18Q3 
18Q4 
18Q5 
18Q6 
18Q7 
18Q8 
18Q9 
18QlO 

5 . 0 0  
6 . 2 5  
7 . 5 0  

1 0 . 0 0  
1 2 . 9 0  
1 5 . 9 0  
1 8 . 9 0  
2 1 . 9 0  
2 4 . 9 0  
2 7 . 9 0  

i0.00 
12.50 
15.00 
20.00 
25.80 
31.80 
37.80 
43.80 
4 9 . 8 0  
5 5 . 8 0  

18Pl 
18P3 
18P5 
18P7 

12.50 
17.50 
22.50 
27.50 

2 5 . 0 0  
2 5 . 0 0  
4 5 . 0 0  
5 5 . 0 0  
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SAHSO/DOTR TURB. 8 .L .  TEST 
RUH 6816 
ALPHA 8. 

, V41F-56 

T I I ~  P-IHF T-IHF V-IHF 
HSEC PSIR DEG R FTSSEC 

66 8.4585 181.8 4441. 
69 8.4391 185.8 454~. 
83 8.3748 " 115.2 4867. 
188 8.3319 138.5 5824. 
I17 8.2939 138,4 5856. 
132. ~.2574 132.2 4936. 

S%l~RORLIP-RRO. ~C. RE1)C DIVISION 
VOH KRRI'~tN G~ JYHAHICS FRCZLIIY 

HYPERVELOCX'WMIHD TUNNEL F 
ARNOLD AIR FORCE STATIOHo TH. 

H--IHF O-XNF RE,/FT 
PSIR X!8-6  

8.88 25.21 28.78 
8.87 24.15 18.57 
9,89 21,64 14,27 
8.82 18.87 18.19 
8.62 15.28 8.87 
8.61 13.35 ?.56 

DATE 23-RUG-78 PROJECT EHGIHEER R.H.BOUDRERU 

08oST ,BASED ON ,589 INCH RADIUS 
HODEL LENGTH - 48.80 IHCHES 

PO TO HO 08 ST POP PREF 
PSIR DEG R B'RI/LBH BTU/FT2-SEC PSIR PS1R 

7414. 1584. 4.196+82 84.68 9.126÷82 46 .? !  46.71 
7219. 1656. 4.39E÷82 89.88 9.536+02 44.27 44.?7 
7485. 1872. 5.82E÷82 182.82 1.886+83 49.15 48.15 
5758. 2089. 5.36E÷82 183.53 1.156+83 33.55. 33.55 
4521. 2858. 5.456+02 97.31 1.166+83 ~28.38 28.38 
3936. 1967. 5.196+82 85.88 1.116+83 24.78 24.78 

I J !  
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SAMSO,~)OTRTURB. B.L, TEST 
RUH 6818 
ALPHA 8. 

, V4IF-SG 

SVERDRUP-ARO, IC. REDCDIVISION 
VOH KARHRH GR. DYNAMICS FACILITY 

HYPERVELOC!TYMIHD TUNNEL F 
ARNOLD AIR FORCE ST~T]ONo 11t, 

DATE 23-AUG-78 PROJECT ENGINEER A.H.BOUDRERU 

PRESSURE, PSI 

PRESSURE DATA 

T I I ~  27P47 PRI PR2 PR3 PR4 PR5 PR7 PRO PR9 PRI8 
66 1.8889E+88 1.3881E+8! 2.24528+81 3.88838+8! 4.7393E+8! 6.8292E+8! 8.73898+8! 8.63588+8! 8.45968+81 ?.2!228+81 

• 69 1.84S58+88" 1.41258+8! 2.3386E-H~1 3.1387E+8! 4.8298E+0! 6.6645E-P3! 8.2593E+8! 8.1719E+61 8.8883E+8! 6.83888+8! 
83 9.9899E-61 1.3430E+81 2.1831E+81 2.8454E+81 4.3292E+81 5.9165E+81 ?.85B2E-H~l ?.BiBlE+el 8.8593E-~1 5.8Sa?E-eOl 

180 8.738~E-8! 1.13598+81 1.85418+01 2.3714E+81 3.5954E+81 4.8387E+81 5,7681E+8| 5;7563E+8! 5.6488E+81 4.8823E+8! 
117 ?,473~E-0! 9.8419E+88 1.6283E+81 2.8557E+81 3.8547E+81 4.87BSE+01 4.8582E~!  4.8724E+8! 4.?SI4E+Ol 4.2BOBE+~I 
132 6.48928-01 8.78942+e0 1.4553E+81 1.84958+81 2.7349E+81 3.5887E+ei 4.2726E+81 4.2813E-I-01 4.1982E+61 3.2333E+81 

TIME 98P47 
6G 1.1887E+80 
69 I.e?I~E+88 
83 1.8224E+88 

188 8.S487E-01 
l l~  7.6058E-81 

' N  132 6.6327E-81 

J 

P / PREF 
J 

: TIME 27P47 PR! PR2 PR3 PR4 PR5 PR? PRO PR9 PR!8 
66 2.3141E-82 2.95478-8! 4.88918-8! 6.812!E-8! 1.81478+88 |.462!E+88 1.8893E-H~8 1.8488E.1-88 |.81128.1-88 1.5441E+88 
G9 2.3442E-82 3.1558E-81 5.2856E-81 6.9926E-8! 1.8788E+88 1.4886E+88 1.844SE-H~8 1.8252E+88 1.7887E+88 1.5255E-H88 
83 2.4G84E-82 3.34528-81 5.4379E-8! r.mE??E-Ol 1.8784E+88 !.4737E+88 1.75GIE-Ha8 1.7413]E-I-88 1.7886E-H~8 ].4G48E-H]8 

188 2.6839E-82 3.3853E-8! 5.52688-81 7.8677E-81 1.8716E+08 1~4421E-!-88 1.?I�IE+e8 1.71568+88 1.68358-1-08 1.4551E+88 
117 2.6336E-82 3.4684E-81 5.7182E-81 ?.2446E-81 1.8888E+08 1.43;~'3E+88 1.7121E+88 l .?I?lE+88 1.6886E-H~8 1.4838E+88 
132 2.G1858-82 3.5145E-81 5.87248-81 7.4632E-81 1.1B36E+88 1.44498+08 1,72418-1-88 1.7276E+88 .1,6941E+88 1.S8S5E+88 

TI lE 98P47 
6S 2.3737E-82 
G9 2.39378-82 
83 2.5467E-82 
leo 2.6372E-82 
117 2.6881E-82 

I :32 2.67658-82 
f 
; 

I 
i 



SRHSO/DOTR TURB. B.L.  TEST 
RUN 6816 
RLPHA 8. 

HEAT TRRNSFER RRTE, B'III,'FTS-SEC 

TII~ 1401 1492 
66 8.9699 ?.1682 
69 9.3591 ?.4741 
83 18.3689 8.2856 
188 9.9982 ?.9279 
117 9.8155 7.1649 
132 7.4158 5,9166 

TII~ 14011 14012 
66 6.1332 ?.3288 
69 5.7837 6.5421 
83 6.1389 6.8?73 
188 5.8285 6.4218 
!17 5.8889 5.6858 
132 3.9?88 4.3532 

TIME 14022 14023 
66 6.885? 5.1348 
69 6.86?6 5.8538 
83 6.3286 5.3886 
108 5.824? 4.8163 
II? 5.1238 4.1468 
132 4.2239 3.5373 

TIr~  003? 0039 
66 5.2114 5.7678 
69 5.2512 5.9187 
83 5.6988 6.2508 
188 4.6311 5.2452 
lip 3.5635 4.1037 
132 2.4575 2.9175 

,V41F-5(i 

SVERDRUP-RRO, C. REDC DIVISIOH 
VOH KRRt"RN G~. JYI',IRrlICS FACILITY 

HYPERVELOCrFY MIHD TUHHEL F 
RRHOLD AIR FORCE STATION° "IN. 

. . - '% 

DATE 23-RUG-78 PROJECT ENGINEER R.H, BOLIDRERU 

HERT-TRRHFER ])ATR 

\ 

1493 1494 1405 1496 149"/' 1498 1499 14918 
5.436? 5.3??4 4.8336 4.68?8 5,5219 5.5822 5.8458 5.7771 
5.6?91 5.6298 5.8321 4.8386 5.6671 5.5699 5.596? 5.7216 
6.4526 6.4217 5.7852 5.4231 6.2863 6.1515 6.8897 6.1927 
6.378? 6,3483 5.8153 5.3514 6.8599 6.8279 5.9242 5.9835 
5.8433 5.8121 5.3371 4.7618 5.4424 5.3576 5.2888 5.2953 
4.8285 4.8762 4.3694 3.944? 4.42?3 4.34?6 4.2852 4.1838 

14013 14014 14015 14017 14018 14019 14028 14021 
8.8128 9.1829 6.5298 4.9949 5.63?2 5.63?2 5.55?9 5.8989 
?.9514 9.5394 6.?773 5.2982 5.8776 5.8526 5.6868 5.2265 
8.2312 18.6710 ?.2677 5.982? 6.5911 6.5169 6.4198 5.8323 
?.2511 18.3438 6.87~8 5.7828 6.3585 6.2154 5.9183 5.4214 
6.5834 9.39?8 6.88?4 5.8683 5.5698 5.4839 5.1389 4.5482 
5.8852 ?.5?8? 4.8755 4.8599 4.5804 . 4,4885 4.2889 3.7668 

14024 14025 14026 0032 0033 0034 0035 0036 
6.6249 ?.1844 9.9322 6.1856 5,8916 4.6818 4.6942 4.9481 
6.2032 6.7919 9.899? 5~5884 4.6613 4.5644 4.6625 5.8183 
6.2132 6.645? 8.7468 6.1896 4.93?9 4.8466 5.1143 5.4549 
5.7894 5.9553 ?,5712 5.1196 4.2?73 4.1439 4.2812 4.5171 
4.7691 4.6327 6.29?0 4.5817 3.7181 3.5245 3.4856 3.6825 
3.825~ 3.8426 5.2468 3.5266 2.8138 2.5426 2.5596 2.5511 

0048 0041 0042 0043 0044 0045 0046 004? 
5.8286 8.4225 6.4183 6.4384 7.8884 ?.399~ ?.5768 8.2175 
5.9983 6.6682 6.6985 6.7622 7,3811 ?.8868 ?.9424 8.6814 
6.4728 7.3832 2.4581 7.7398 8.3921 8.8139 9.1433 9.8463 
5.5885 6.5?86 6.5861 ?.I765 ?.8554 8.5?58 8.8993 9.2919 
4.2853 4.7996 4.?899 5.5135 5.7388 6.4313 6.7119 6,7450 
2.8819 3.5543 3.468? 4.1898 4.4681 5.2894 5.5634 5.4168 

. . . . .  % ~ B I ~ I . . . . . . . . . . .  f i = • = 4m ~ qlle~ Im ~v ~ q ~ i  ~ w . . . . . . . . . . . . . . . . . . . . . . . . .  
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