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Computation of Compressible Turbulent Subsonic Flow towards a Numerical Wind Tunnel

2. Anzd3ouasdadiuithendse %)
Dr.Ekachai Juntasaro (100%)
Lecturer,

School of Mechanical Engineering,
Institute of Engineering,

Suranaree University of Technology.
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Mechanical Engineering
o o @ d‘i o o X" q’/‘ @
7. AMAIAYYDAUTINNINTGTINY (mn1m"lwa11azﬂ1mmﬂqy)
Computation, Compressible, Turbulent, Subsonic, Numerical wind tunnel

8. ANNT ALY ﬁnwm‘ﬂﬂ;mﬁﬁmﬁ%%ﬂuazmwwamanmiﬁsﬁm%a

- Fluid flow involves in many engineering applications, not only in mechanicallengineering,- but

also in other branches of science, engineering and technology. Understanding of the flow behaviour is

significant for the design and development of scientific and engineering innovations. Incompressible

turbulent flow, where the Mach number is smaller than 0.3, has been studied extensively and by now
- very well established. In contrast, the knowledge of compressible turbu}ent flow, where the Mach
: number is larger than 0.3, is limited as mentioned in the recent reviews by ‘[9 10]. -

j‘}n ggxd dyna:mcs the behaviour of the flow is generally govermned by the continuity; Navier-
Stokeswan‘cli energry'equatlons together w:th the equatlon of state [1]. Those govemmg equations can ‘
be solved directly by the numerical method or the so-called direct numerlcal sunulatlon (DNS) to
study the flow behaviour. However, such a computation requires the hlgh speed and largc storage

compurer like a supercomputer that is limited for use. Although the supercomputer is available, the
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computation is time-consuming. Moreover, the flow can be simulated only at low Reynolds number
that is far below the Reynolds number of the flow encountered in engineering applications [2, 3].
Thus, instead of the study of the instantaneous flow behaviour, all the governing equations are time-
averaged to study the behaviour of the mean flow that is adequate for engineering applications [4].
Unfortunately, after time-averaging, there exists the closure problem in which the number of the
unknowns is larger than the number of the equations. The solution is to introduce the turbulence
model into the equations in order to close the equations.

In general, the turbulence model is developed and tested in incompressible flow. It has been
reviewed in [5, 6] that the two-equation model is widely used and capable of simulating the flow over
the variety of conditions. For compressible flow, the computation is a lot more complicated because
there are the effects of compressibility on the flow. To account for such effects and simplify the
problem, the governing equations are mass-averaged [4). Like incompressible turbulent flow, there is
the closure problem. Thus, the turbulence model is required to close the equations. The present work
is to find out the mrbulence model that is capable of simulating the compressible turbulent flow and
implement it into the computer program. This computer program is the first step of the development
of a numerical wind tunnel.

Since the physical wind tunnel and the highly accurate instruments for flow measurement are
very expensive, the numerical wind tunnel becomes an alternative way to study the flow behaviour.
As a long-term research and development project, the numerical wind tunnel is aimed to be able to
simulate the internal and external flows at all speeds. For internal flow, the cross-sectional area of the
numerical tunnel can be made to any shape to suit the applications. On the other hand, the effects of
the external flow on the object of any shape can be investigated when the fluid flows past the object.
Unlike the physical wind tunnel, any kind of fluids can be studied within this numerical tunnel since
there is no limitation of study in any dangerous situation. One of those circumstances is when the

finid is contaminated by radioactivity or other dangerous substances.

as . [
9. Janiszasnvatlnsams

To develop a numerical wind tunnel to simulate compressible turbulent subsonic flow.

10. Y5z Tomifinmites 185y .
The numerical wind tunnel which can be used to study the behaviour of the high-speed flow and
its effects.

11 nisauiithramsise T 1 se Tomnd
11.1 Universities: For engineering education at undergraduate and postgraduate levels

11.2 Industries: For research, design and development of engineering applications

12. MIFeNRLIToazAd AR AU ITERIL
The literature reviews have been proposed recently by Bradshaw (1977), Lele (1994), Spina et al

(1994), and Shyy and Krishnamurty (1997). Physical aspects of compressible turbulent flow:. were
reviewed thoroughly by Bradshaw [7]. Lele [8] identified the effects of compressibility on the

turbulence. Spina and his colleagues [9] updated the knowledge on the physics of compressible turbulent

flow well after Bradshaw. Shyy and his co-workers [10] focused on the review of how to model the

compressibility effects on the turbulent flow.
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[11 Schlichting, H. (1979) “Boundary-Layer Theory,” McGraw-Hill.

(2] Kim, J., Moin, P., and Moser, R. (1987) “Turbulence statistics in fully developed channel flow
at low Reynolds number,” Journal of Fluid Mechanics, Volume 177, pp. 133-166. .

* [3] Spalart, P. (1988) “Direct simulation of a turbulent boundary layer up to Rg = 1410,” Journal

of Fluid Mechanics, Volume 187, pp. 61-98. '

[4] Hinze, J. Q. (1975) “Turbulence,” McGraw-Hill. ‘ .

[5] Patel, V. C., Rodi, W., and Scheuerer, G. (1985) “Turbulence models for near-wall and low
Reynolds number flows: a review,” AIAA Journal, Volume 23, Number 9, pp. 1308-1319.

[6] Lang, N. J, and Shih, T. H. (1991) “A critical comparison of two-equation turbulence models.”
NASA Technical Memorandum 105237, ICOMP-91-15; CMOTT-91-05.

{71 Bradshaw, P. (1977) “Compressible turbulent shear layers Annual Review of Fluid
Mechanics, Volume 9, pp. 33-54.

[8] Lele, S. K. (1994) “Compresmb!hty effects on turbulence Annual Review of Fluid Mechanics,
Volume 26, pp. 211-254. _ ,

[9] Spina, E. F., Smits, A. J., and Robinson, S. K. (1994} “The physics of supersonic turbulent
boundary layers,” Annual Review of Fluid Mechanics, Volume 26, pp. 287-319. 4

[10] Shyy, W., and Krishnamurty, V. S. (1997) “Compressibility effects in modeling complex
turbulent flows,” Prog. Aerospace Sci., Volume 33, pp. 587 645.

14. 52100035310
14.1 LUUMTIVY
Develop a computer program and validate the program using the selected test cases.
14.2 wmauuanﬁmﬂumimmana ﬂ13ﬂ1ﬁuﬂWUﬂ ‘llﬁm‘lﬂﬂi A70879 19
® Do the literature survey to make a collection of turbulence models and to find suitable:
test cases for compressiblé flow. '
® Implement those turbulence models into the computer program to simulate the flow of ‘
interest.
® Validate the computer program by comparing the computed results against the
experimental data.
14.3 ﬂuucﬂauuﬂx‘mn"lsaluﬂ"isamsummua
The turbulence model that can give the best agreement with the experimental data will be
adopted into the numerical wind tunnel for further use and development.

15. YDUIYAVBINITIY
The research is focused on compressible turbulent subsonic flow where the Mach number is less
than one. Since there are several kinds of turbulence models and the period of time to conduct the

research is limited, the two-equation model is of interest only.
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2. Write the computer program x x

3. Validate the computer program

against the experimental data

3. Write up the report
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The research room in F1 of the Center for Scientific and Technological Equipment, SUT.
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Dr.Ekachai Juntasaro

2. fumisuazandfivhailegiu
Lecturer,
School of Mechanical Engineering,
Institute of Engineering,

Suranaree University of Technology.

3.5z i@nsfAne (Gzy aad medn ol uazilssme)
~ BEng (Mechanical Engineering) - King Mongkut’s Institute of Technology, Ladkrabang, Thailand.
7 MSc (Mechanical Engineering) Imperial College, University of London, England.
PhD (Mechanical Engineering) Imperial College, University of London, England,

4. maninidanuiung ey (eana199ndinIsAng1) sEyeuTin
1) Computational Fluid Dynamics ' '
2) Turbulence Modelling
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5, Uszaumasnmeitestunuisevanelunaznmousnszme Gryaniunmtuasidoiuiy
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5.1 audsufiviadeuds : Feifes TiRuiuazaaunmlumshise
During the peﬁod of MSc: | ’
1) “Periodic flow with and without heat transfer,” (1992)
During the period of PhD:
1) “Calculation of osciilating boundary layers with the q-C turbulence modet,” (1996)
2) “Computations of peri;)dic turbulent boundary layers with moderate adverse pressure
gradient,” (1997)

3) “Numerical investigation of periodic turbulent shear flows,” (1997)
Aaw Ao w u'll"e!'l & 6 aw
5.2 umﬂmﬂmmm'_:f:fmsmuazamumwlumsmaam

Compressible Laminar Flow towards a Numerical Wind Tunnel (To be submitted to the 13"
National Mechanical Engineering Conference which will be held on 2-3 December 1999).

.'orm/proposal/IRD-1/1998



ENAITUNIURY 6

mstlatdRuehnlnssmaide

wnasUsznoudyguaun 3572542

Tnsamsvoises madwnums nafidniudesuniuliuuazdads14

s /s TusdauFeduay

t
: . o !
rovuy an&.Txesms Ao miluss F11: 8

2 Yoy V09~ &~ 09¥48-9

SUIAG Ingwigiad $1iie msy)  mandes umiInmaumn Tulatigsuis

vt o PR
FTHHINFNOIUIVTIY

o a =
1. 799fNANT10158 A3. 10BN Y510T1Age AMUA
2. $93NEN3IN30 A5, NIy Tasauysel Wandan sy
o o e o aa
3. 219130 A3, 19AFY Funals Wi Insamsive
4 Gy
Faulumsdoy

e

Aiidnedesw 2Tu3

an v Fanslr

(@10138 a3, 0¥ Junals)
Hiunu




vy ~ o 4 o &9
uumslyDIedueanyunside Ussaitlaudszana wa. 2542

: 5 o ) d R
Tnsinsidases mxmmaxmnu:\m{‘i néﬂ(i'ﬁb o Vi \‘bu 107 ‘.5)»1::\’970‘ iﬁa a;‘.zb’J% me &m% ﬂm,cj@ w)ﬂcl%&,q\ anfoan

NamImivon avdsvane (1)
10 1 * 3701 2 3G
1. Arhatn i vsnewhu(hisucnasazton)
$IMMB TN —_ _ -
2. Mneuumy 5Ty uaring ﬂsmmmu{?ﬂmmmmm}
e ! e S
i
1mmﬂauu'nu Hmmm ﬂﬁ'ﬁa - 5 -
3. magau Unnovdu hismucnasuazion)
DA a0 e R N L S el O
(‘ﬁ:a?mxjudﬂ{ﬁﬂ“( Ve |‘3n w;u).!é\?l.;o?ﬁm*l o1 Dy nu w\”a?(dws'r ______
‘ /m«?li/ qdh fJF
AN
FIUNITU (142+3) 1
15
: (nade) . iealy_dunslr wmthTasans
m lw.n, 2z (Loaendy Runsl )
A S L
winemg * nesmanuavesnai 1 dnlalinuiesa: 60 vesmldTimialnssntshunazd andunsdli .

1) ‘1Jﬂ‘311ﬁ]'llﬂ'LIFI'E’]iﬂﬂl‘l.lﬂl.ﬂ‘llﬂ‘)'I'U.'I'H‘ﬂ'IUUTIH'IEIIﬂQlHP]Nﬂﬂ'ﬂHi}1l§‘]ulﬁUB'IJfJE}1,|‘11FIﬂ'Iﬂf;jf}“-l'JUﬂT'iﬂﬂ}ﬂuﬁﬂﬂllﬂuwwu1!luﬂu1ﬂ’lﬂ
2} H51Uﬂ1iﬂ1ﬂjﬂﬂlfﬂ :l‘u‘l'Hﬂﬂ1ﬂi.ﬂE'II’Hﬂiﬁnﬂﬂﬂﬂﬂlﬂﬂuﬂﬂ“quﬂﬁ]ﬂU'ﬂﬁf‘liQﬂ'liﬂi]'u ﬁ‘}\N‘lJ“lﬂmﬁﬂ:l'l"lmﬂmf]clllﬁﬂﬂﬁﬂWN‘U’J’HH

f1AB LN 1‘ﬂﬁﬂUl1‘ﬁ:ﬂnﬂ'ﬁ] smnuum'lmnumuaz 60 ferm /plankudg #1/104 1



r MR
ﬂﬁ(z} H_‘% e
h

.-11

2Tt

% tiM:m

IR:
2098 ‘8*::eq

. i ,,;q‘.z:.

T

w
: S L e -Thrqmr%u'mmﬂmmmmﬁt'me
z  TOULT . .ol etrereaeseara rereereneas vevreeas .
o
g NAME e
: g Su ASEwTias 91in (NWI%)
‘E THE i:AM COMMERCIAL BANK PUBLIC COMPANY L,IMITED
Q
- [
a5 = A2 .-.,,_ + 4 '5,1,1’\5
S 3 guanyny aMMAEAnTR: 1""‘1. M .
z AT 70772-0%04C-9
; 2 ACZOUNT NO.
o€
; v a s “w
; = UL TWUHINBENNTHE
& SAYINGS ACCOUNT




