
I -Alig 449- ITmOATING TURBULENT REACTING RLOUS(U) GEORGIA INST OF i
I TECH ATLANTA SCHOOL OF AEROSPACE ENGINEERING

W C STRAI4LE 15 JAN 88 ARO-20658 5-EG DAAG29-84-K-8143

UNCLASSIFIED F/G 2B/4 NtlllEllllEEI



11111 I.1O112.2

111125 11111 1.4 111.

S.z..



I NCT.A-' TFTFD

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE I BEFORE COMPLETING FORM

I. REPORT NUMBER 2. GOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMBER

496 0; N/A N/A
D4. TITLE (ad Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

Stagnating Turbulent Reacting Flows Final 10/1183 - 11/30/87

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(&) 8. CONTRACT OR GRANT NUMBER()

Warren C. Strahle DAAG29-83-K-0143

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

School of Aerospace Engineering 
AREA & WORK UNIT NUMBERS

Georgia Institute of Technology

*Atlanta, GA 30332

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U. S. Army Research Office 1/15/88

Post Office Box 12211 13. NUMBER OF PAGES

Re'Pirh TriAplr Pork 'R 7709

14. MONITORING AGENCY"dAME & A~dRESS(If diflfereI from Controlllni Office) 15. SECURITY CLASS, (of this report)

Unclassified

1Sa. DECL ASSI FIC ATION/DOWN GRADIN G
SCHEDULE

1W. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited. -N

APR 1 2 188

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If different from Report)

NA -D

IS. SUPPLEMENTARY NOTES

The view, opinions, and/or findings contained in this report are

those of the author(s) and should not be construed as an official

Department of the Army position, policy, or decision, unless so
c ignin~t~d hy other doc|iment.inn-

19. KEY WORDS (Continue on reverse side If necessary ad Identify by block number)

Turbulence, Stagnation Point, Reacting Flows, Heat Transfer

20L ABST l4ACr VC-aurvee *.lif Ff mwy and fdentify by block number)

Theoretical and experimental results are reported concerning the problem

of heat transfer to bodies when there is turbulence imbedded in the

freestream. Both velocity and temperature turbulence are considered and a

fully variable density theory is developed. Experiments were conducted in

collaboration with NASA/Lewis. Excellent closure of theory and experiment was

achieved for the case of no freestream temperature fluctuations. With no data

JAN7317 EDloO oMOV6$,SOUSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (WRt.rn Dae Entered)

' %" " % % -" r=#. "*"," 'n %4 %, % %- d," I ,1' .-.",%'..4=
'

/.- 4" 4%=. %-. '.¢ -%" % % % % % % -. %.%" -%-%-



C- - -- 4 -".( WV-WW W V C I r w~ - 4-W -N. %7

['NCI-A-STFTFPD
SECURITY CLASSIFICATION OF THIS PAGE(Wba, Data Entered)

available for comparison, no closure could be achieved for the case of
temperature fluctuations, but the theory indicates that the heat transfer
effect of this phenomenon is strong. -

UNCLASSIFIED

I SECURITY CLASSIFICATION OF THI4S PAGE(W?,en Date Entered)

% eVV-. 'W. F-



Final Report

STAGNATING TURBULENT REACTING FLOWS

School of Aerospace Engineering
Georgia Institute of Technology

Atlanta, GA 30332

prepared for

U. S. Army Research Office
Research Triangle Park, NC 27709

Contract No. DAAG29-83-K-0143

C, R. A,. . A:

41-

i l / / i l,, ,.,P, L?

Warren C. Strahle
Principal Investigator ..

LA- . . :.. - .

-- - - - - - - - - - - ---- - ---- -"

I A

% %



Problem Statement

Stagnating flows of a turbulent fluid occur in many reacting flow

applications. Included are turbine stagnation regions in gas turbines,

several regions in diesel engines and near reattachment points in ramjets.

Prior to this program, however, there was no good analytical method for

prediction of heat transfer in such regions and there certainly were no

adequate data for comparison with prediction.

The problem studied, both theoretically and experimentally, was the

problem of stagnation point heat transfer for a flow that contained imbedded

free stream turbulence. The goals were a) construction of an analytical model

* of the stagnation process b) comparison of the model with available

experiments, c) experimentation to fill voids in the experimental data, and

d) determination of voids of understanding for future work.

All goals of the program were achieved.

Summary of Results

Analytical

1. A new model of turbulent stagnating flows was constructed which matched,

in a manner superior to prior theories, prior experimental results and

experimental results attained under this program. These results were

*obtained for heat transfer under conditions of arbitrary free stream

turbulence intensity and scale for low Mach number, constant mean

density flows.

2. A unique discovery was made that a two parameter (intensity and scale)

freestream turbulence degenerates into a one-parameter (intensity

becomes related to scale) turbulence problem during the inviscid

stagnation process, before flow entry into the viscous stagnation zone.
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3. This flow was found to have unique properties of normal stress

domination over shear stresses that required a new viscous - inviscid

ma-ching procedure to be developed.

4. Anisotropy development during the inviscid part of the stagnation

process was found to not be large, justifying the use of a two equation

(k-E) model of turbulence to be employed in the analysis.

5. The general model developed was for the variable mean and fluctuating

density case, although no tests could be made against experiment because

- no data were available. Calculations show, however, that the effect of

temperature (density) fluctuations in the freestream have an important

* effect upon heat transfer and experiments are required to verify this

effect.

Experimental

1. In cooperation with NASA/Lewis, experiments were conducted to

specifically isolate a) anisotropy development during stagnation and b)

the independent effects of freestream intensity and scale on heat

transfer to cylinders.

- 2. The experiments were matched by theory in all respects and showed small

anisotropy development and clear evidence that both scale and intensity

* are important variables in stagnation point heat transfer.

General

The two most important summary graphs are shown in Figs. 1 and 2. In

O Fig. 1, comparison of theory and experiment is shown for the data of this

orogram and some older data (Ref. [4] from Smith and Kuethe). Reynolds

numbers are shown based on cylinder diameter, and only high Reynolds number

results are shown since both theory and experiment show little effect of

*£. turbulence at low Reynolds number (Re0 < 100,000).
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The solid lines and closed dots on Fig. 1 show the agreement between

theory and experiment for the older data. The squares and triangles show

agreement between theory and experiment for the data of this program. In

general, it may be stated that the agreement is for superior to any prior

theory and that the essential physics are contained in the theory.

Figure 2 shows a theoretical output of the program which does not,

however, have any experimental data as back-up. Figure 2 shows an

extraordinary effect of freestream turbulence levels in temperature, for

fixed velocity turbulence, on stagnation point heat transfer. These

calculations were done for a cooled wall case typical of turbine cooling

4 (Twall / T_ 0.67). It is strongly recommended that an experimental program

be initiated to verify this effect.
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Note to Program Manager

This program has shown unique cooperation between Georgia Tech. and

NASA/Lewis. A follow-on proposal has been submitted to continue this

collaboration on the important problem of temperature fluctuation effects

0 upon heat transfer.
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Figure i. Nusselt number for stagnating turbulun. flows as
a function of laminar Reynolds for cli!nders is
a function of freestrean turbulence level and
turbulence generating g rid.

-I..5

0*%



1. 10

1 " Dia.
NUD

Nu D(q"=O)

3" Dia,

1.05

ReYD =120000

U' 10%

9w 0.67

1. 00 V

0 5 10

Freestreamn Temperature Fluctuations, q'", I n Percent

Figure 2. Rates of heat transfer to heat transfer
without temperature fluctuations as a function
of freestream temperature fluctuation level.
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