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TURBULENCE CHARACTERISTICS OF AN
AXISYMMETRIC REACTINCG FLOW

Richard D. Gould, Warren H. Stevenson
and H, Dcyle Thompson

Purdue University School of
Mechanical Engineering

Turbulent sudden expansion flows are of significant theoretical and practical
importance. Such flows have been the subject of extensive analytical and experi-
mental study for decades, but many issues are still unresolved. Detailed informa-
tion on reacting sudden expansion flows is very limited, since suitable measurement
techniques have only been available in recent years. The present study of reacting
flow in an axisymmetric sudden expansion was initiated under NASA support in
December 1983, It is an extension of a reacting flow program which has been carried
out with Air Force support under contract F33615-81-K-2003, Since the present
effort has just begun, results ar¢ not yet available. Therefore a br_ef overview
of results from the Air Force program will be presented to indicate the basis for
the work to be carried out. Details may be found in reference 1.

Laser velocimeter mecasurements of mean streamwise velocity and turbulence in-
tensity were made in the highly turbulent flow field following a sudden pipe ex-
pansion. Both isothermal and reacting flows were studied. A fused quartz test
section was used to permit laser velocimeter measurements throughout the flow field
for x/H values from 0.33 to 15. A lean partially premixed propane-air mixture
(¢ = 0.28) was used to keep the wall temperature low enough so that steady state
operation was possible, The inlet flow cundition was that of fully developed
turbulent pipe flow with a centerline velocity of 22 m/s. The corresponding
Reynold'z number based on step height H and inlet centerline velocity U1 was
5.5 x 104,

Three complete sets of LDV measurements were made. Two were in isothermal
flow (biased and unbiased) and one was made in the reacting flow (biased). The
biased and unbiased cold flow measurements were compared to determine the effects
of velocity bias on the measurements. The hot and ccld flow measurements were
compared to determine the effect of combustion on the structure of the flow field.
(Unbiased hot flow data could not be obtained because of particle seeder limita-
tions,)

The scope of the investigation is outlined in figure 1. The experimental
apparatus is shown in fiqures 2-4 and test parameters are presented in figure 5.
Examples of some of the data obtained are yiven in figures 6-15 and conclusions

which can be drawn are yiven in figure 16. A summary of the further rescarch
planned under the present NASA sponsored program is presented in figure 17.
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SCOPE OF T Tupy *

1. Megsured streamwise nmeadn velocitles and turbulence
Intensities,

2. % different megsurements were made at 2gch measurement
location to form 3 complete dota sets. They are

1dentified as:
+ blased
+ unbiased cold flow
+ Dlased hot flow

3, Reattachment point was located.

4, Integrated mass flux at each measurement plgone was
calculated gna was used as a continulty check.

5. Measured tempergture at a plane located 17 step helgnts
downstream of the sudden expansion. ° ant

6. Comparison of cold flow dotg with 2/E,FIX.

*AF Contract F33615-31-K-2003

Flgure 1
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Figure 3. Flow System

t
v
!

191

. —

e SR e

-~
o —



“

B - L

5

- o

ORIGINAL PAGE IS
OF POOR QUALITY

<= L=5969 ———— ~——»]

ET§§<<§<§§B5§QSQﬁiQQQQ&XVQQQ&S&QSSQNQ&?§§§§§

. ! Primary Recirculation Pid [Quqnz Test 1Asbestos

! ) Zone P Section Rope

. /L2127 72777 A7 70 70s —_———— \_ keattachment Gasket

: intet Flame Stabilization Point

. Flow

- ¥ — o — -

RI=38.1

' = _ _ R2=76.2 Exhaust

— = Duct
% \\ H‘= igi ~ . -
o ————r x >y —y— y —

BN NNN AN w\\&i\i&\\&\&\\\i‘ﬁ\\\\\\\

Ali Measurements in mm
Not to Scale

Frgure 4. Geometry of Axtsymmetric Test Section

TEST PARAMETERS

FLOW PARAMETCDG

Ug * 22.07 mis (PITOT TUBE MEASUREMENT)
%y = 10 x 10°

P 1

e, = 5.5 x 10

QVERALL F/A = 0 0183 (GASEQUS PROPANE)
OVERALL EQUIVALENCE RATI0, o = 0.23

[\ 3

BIASED HOT

500-~1500/sec

150,

GEOMETRY
Oy = 76.2mm {3
= Ogur * 152.4 mm (6 1)
* AREA RATIO, Ag + 8
STEP MEIGAT, n = 38.1 mm (1.5 1n)
DATA COLLECTIO
UNBIASED COLD BIASED COLD
PARTICLE ARRIVAL RATE: > 20,000 500- 1500, sec
SAMFLE RATE. 50/sec "FREE" (4700/sec) "FREE" (4700/sec)
SEED: DoP AT504
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figure 8. Measured Mean Streamwise velocity Profiles 1n Cold Flow
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Figure 9
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Frgure 10. Measured Medan Streamwise Velocity Profiles in Cold Flow and in Reacting Flow
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