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ABSTRACT
This report presents turbulence measurements for a turbulent
boundary laver flow over two concavely curved wall models at a
Mach number of 2.9. The turning angle for each model was BC,

and the radius of curvature was 254 mm fTor Medel I and 12980 mm

for Model II. A constant—-temperature hot-wire anemomelter was
used throughout. The data include normal wire and inclined wire
meagsurements.

1. INTRODUCTION

The interaction between turbulent boundary lavers and shock
wavez has been studied extensively at the Gas Dynamics Labora-
tory. The present investigation was designed to isclate the
effects of compression and curvature. Instead of turnimg the
flow suddenly, as in a compresgsion cormer, the turning is
accomplished more gradually, through a short region of concavely
curved wall. By spreading the pressure rise over several
boundary layer thicknesses, the shock wave forms outside the
boundary layer, and it has no direct effect on the boundary
laver behavior.

Tavylor, et al {Ref. 1) have reported mean flow measurements
at Mach 2.9 for curved wall models with turning angles of 8°
and 169, We have performed normal and inclined hot-wire measure-
ments in the 8° curved wall flow fields using the same models

and Tlow conditions used by Tayler (Refs. 1,6). Here, we



present turbulence data for the 8° curved wall model; profiles

of rms mass-flow fluctuations, rms velocity fluctuations  u'? and

profiles of (pu)'v' and p u'v' are tabulated. The velocity
filuctuations were deduced from the mass-flow data using the
Strong Reynclds Analogy (for further details see Refs. Z,3,4,7).
Figures 1 and 2 {(from Ref. 7) compave the 8° curved wall model
results with those of an B° compression ramp {alsc at Mach 2.9).

This report has been prepared to give other researchers
ready anccess te our data, and for reasons of congistency we
follow the general layout and notation used by Fernhelz and
Finley (Ref. 5). This data compilation is companion to the
compilations of turbulence data for 8°, 16° and 20° compression
corners at Mach 2.9 (Refs. 2,3,4). These data are available on
tape from the Gas Dynamics Laboratory upon request. Inquiries
about the tape should be directed to A. Smits, c/o Gas Dynamics
Laborateory, Forrestal Campus, Princeton University, Princeton,
NF 08544,

Before presenting the data, the experimental apparatus and
test conditions are described in Sections 2 and 3. The coordi-
nate svstem is defined in Section 4. 4 thorough discussion of
the data analvsis and uncertainties can be found in any one of

the cited compression corner data compilations (Refs. 2,3,4).

2. APPARATUS

iinless stated oetherwise, all experimental conditions were

identical to those used in the mean flow study (Ref. 1}). These



conditions are briefly summarized below.

2.1 Wind Tunnpel {(sece Fig. 3)

The measurements were made in the Princeton University 203
mm x 203 mm (8" x 8") supersonic wind tunnel. The tunnel is of
the blow-down type and consists of three constant area sections.
A typical run time for & single profile was about one minute.
During a single run the tunnel stagnation temperature usually
fell by 5-8°K. The rms freestream mass-flow fluctuation level,
expregsed as a fraction of the mean freestream mass-flow rate,
was about one percent.

2.2 Tezt Models {see Fig. 4)

The medels shown in Fig., 4 were ingstalled on the tunnel
Tloor in the second section, 1149 mm from the nozzle exit. Hach
model had a curved region with an overall turning angle of 8°
followed by a short, flat plate recovery sectiom. The curved
portions had radii of curvature R = 254 mm and R = 1270 mm
giving So/R = 0.10 {Model I) and So/R = 0.02 (Model II}, respec-—
tively. The width of each model was 152 mm, allowing a 25 m&
gap on each side for the passage of the tunnel sidewall boundary
layers. Aerodynamic fences were fitted to improve the two-

dimensionality of the flow.



3. TEST CONDITIONS

The incoming boundary laver wag fully turbulent and in
equilibrium, and it was the same ag the incoming boundary layer
used for the compression ramp studies (Hefs. 9,10,11). The
nominal flow parameters for the undisturbed incoming boundary
laver taken at % = -38.0 mm are given in Table I. These para-
meters are reproduced from Hef. 7. The conditions at » = -38.0
mnm are designated as reference conditions.

The wall static presure and skin-friction distributions
taken frem Ref. 1 are given in Tables 2 and 3. SBirecamwise
distributions of various boundary laver length scalesr are given
in Figs. 5, 6 and 7 {from Ref. 1). The skin-friction was
measured with & Preston tube, using Hopkins and Keener’s svalu-
atioen scheme (Ref. 8). The local skin~friction ceoefficients
have been defined using the reference conditions to avoid
ambiguity within the interaction region. The wall conditions

were near—adiabatic.

4. CGCORDINATE DEFINITION AND MEASUREMENT EOCATIONS

The x—coordinate is defined in the streamwise direction
along the surface of the wind tunnel and the curved wall model.
The origin of % is at the base of the model; all locations
upstream of the curved wall have negative ¥ valueg, while all
those on the wall have positive values. The y-coordinate is

measured normal to the test surface at all x-locations. Both




normal and inclined wire measurements were made at the following

w—locations (in mm):

Model I: Model II:

-12.7 -12.7
8.0 G.0
12.% 12.7
25.4 25,4
50.8 50.8
76.2 76.2
114.3 1¢1.86
152.4 127.0
177.8 i52.4
203.2
£228.6
254 .0
27g.4
317.5

B, DATA ANALYSIS AND UNCERTAINTIES

Details of the data reduction and estimates of uncertainiies

can be Tound in the compression ramp studies by Muck,

(Refs. 2,3,4).
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o

6.3 x 107/m
2.87

6.3 x 105 N/m®
2.3 x 10¢ N/m®
B75 m/s

0.8 kg/ms

25 mm

Table 1. Incoming Tlow parameters at

4

-~38 mm.



Model I Moedel It

X {mm} PuiFred 4 (mm} Fuw/Praof
~ 38 1 & 999 -~ 38, 1 1.013
- 25 4 i, 009 - 25 4 . 996
- 2.7 G O8R5 - 182 7 i. 004
G0 i. 024 O, 0 1. 023

& 4 1. 078 12 7 I.035
2.7 i.1i58 =5, 4 i.074
19,3 1. 255 341 i.113
25, 4 i35y 50. 8 1. 147
3i.8 i. 489 &3. 5 1,173
5408 1. 576 T 2 1. G409
&3.5 1. &49 88. 9 i. 2681
T & i. &7 101. 4 i.348
igi 4 i. 749 1i14. 3 1. 447
i27.0 i. 732 127.0 i.437
182 4 i, 764 139, 7 1. 506
177. 8 1. 805 132 4 1. 57%
165, 4 i. &80

177. 8 i. 780

190, 8 i. 783

203, 2 i, 831

215 9 i.8%%

228. & 1,909

241. 3 I. 926

2348 0 i. 848

264, T i.827

29 4 i. 810

292, 1 1.814

Pref = 2. 031 EO04 N/MsaD

Table 2! Wall Static Pregsures
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Fig. 3. Sketch of the 203 mm x 203 mm wind tunnel and
test model installation.
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MODEL 1

Normal and inclined wire turbulence data
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MODEL II

Normal and inclined wire turbulence data
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