suiloud W ludieduddmiums Ivapudgauundada 14

wieilgye Fundlwim

’mmﬁwuiifrfluthunﬁwmmsﬁnmm'umﬁ'nqmﬂ?o,;tuﬁmmmmﬂmumﬂ’mﬁn
s dvimnssuniosna medvdmnssweiesnn
vudininefy gooanseumiinedy
Ynsfinw 2541
ISBN 974-331-729-5

- J L -] . - L
fuiinveniudiainuds prnanssiuminndy

249649 A D2



A FINITE ELEMENT METHOD FOR HIGH SPEED COMPRESSIBLE FLOW

Mr, Panya Janphaisaeng

A Thesis Submitted in Partial Fulfiliment of the Requirements
for the Degree of Master of Engineering in Mechanical Engineering
Department of Mechanical Engineering

| Graduate School
Chulalongkomn University
Academic Year 1998
ISBN 974-331-729-5



o - =Y ’ - o o
- adeInerlinug r2diou3t I Tudofuuddmiuniy Tvannudags

uuudan 14
Taw wwilgegn fundwum
NN Iransruiniosnn
019178M/Tw maar1nd ardnlund wyedrn

¥
ar - - [ - o | L) = a -
vudiadnerde  ponsnsaiuminetdy  eyila Wiy inninusaruiidiudunil

voansAnymmAngaTTggnunninga

Gy ...

-l = oy
P £ B 30t R T YTY S LSANUAUNTNAITMUINY

(ﬂ'ltmﬂ\]'lﬂl U']Ull‘Y'l'ﬂtl qmmu ']jﬂ’Nﬁ)

AUSNTTUMINOLINNTHYT

MMMV}{’}‘W e drEEUNTTINTY

(I09FINATINTE AT nearzinTy)

L ies y
‘/"""‘""" ..... 91915 UT N1

(eramsnasd a1.Usalund wredrin

(@10138 Az.0f ygiangad)



-~ ¢ w “r ar . o~ = e' o g 4’ L ] ¢ ~t
‘VI3J’Wﬂ“iﬂllﬁl‘ﬂﬂﬂﬂﬂ']ﬂfﬂ“‘ﬂ“ﬁﬂ'\ﬂ1“ﬂ16ﬂﬁl'klf]')\-llﬂﬂd!.IN'W.F!EITJ

Ugryr Sundlnuss : 151T8uiTINIUACOR LA M Tun a9 Inanaaut Sageuuudnda 14
‘(A FINITE ELEMENT METHOD FOR HIGH SPEED COMPRESSIBLE FLOW)

o.#U3ne1 : A.ATT.UI1Tumd LatzenIn. 190 w1, ISBN 974-331-T29-5.

» »
e riwuflludgnedunoun 1 Tufdopana 1inena1ut 29 uuudaaa 1deiin Vaitina smiinda
2 UauITINIUAL OF L uuk uszUrsgnfistiiBuiTnasu furuant od LudTaodaTuldAur 190 aRu e

Auadnfiinrmgnfoandedu

sun 1710 uAL of LA nnando «iudman 11 Ina gl TR Eius an Tsuu AN 1T BeouRud
L Fed-alandTaen1rurzynfise 1 Tou5 TN U of Lanfvuuduiudi gat suined udr3qutussing
Torunsunouiatned 1 TusunTu Tusunsureuinino §éena12lgnwinasnTissoundugnde Tae

w1 duddyman191n80d14 4 16iTius LanpUILATS Aouut 1 ifToman 1 7 InsRTlE R vz dudaunntu

vz L ek He1Hue Laae vesTu Tun TunauR L Ao fin1uandoauantie@u ancaa1tuns
AMLINURE A RTUIAMIIE AT NN B0 9 L AT0 eRouRIL A TR TN T SelduTEgndTuTunTy
noufial o FmFun 190 fuauant o LA TnudnTuiman Tasldninna1he n1164190 08t uudournt fn

1uu1t1mmun11Luauuuanunquaaﬂiue tﬁnlwun11unnnuqﬂuqun1nnu uazn1T8d1qtaf L uATULIA

‘1ud1uu?l1mﬁ§n11tﬂiuuudnquiﬁaiﬁﬁnﬁ~tﬁnant1nqua:nﬁ1un11uqﬁun§tn?uqnnnﬁa1nnf

untasulasussntnm ifsnnrTuddoman17inan1en usne I RufiwuTeininanees
1'tuuu1u1ﬂ1uw1naluuﬁua~1~tuuuvun11U1u1u1nLnnLuuﬁTnunnTuunu1iiﬂunaunnu iqﬂ1u11n
uqunnanum.n111ﬂﬂuqu3ﬂu1qnﬂan n11ﬂtﬂ11q1uU11nnn11dunqnﬂ11nalﬁnu1wn.tnanuqnﬂu

gussur lugn170on uuuhing 1 Iuan 1u

mMAd . mn:.mmij.n.m.é. ......... A awiledonian .. 'I/ WA q“‘nﬂ'ﬂﬂ{

I .. AINLIMARTOAOR e S ﬁ'lUllD‘llDU'li)'l'J umJ‘mn ‘A BT,

&
ﬂﬂ'ﬁaﬂ\ﬂ ........ 2541 e, ﬁ'"ﬂlﬂ‘liﬂﬂ'li‘l'lﬂlﬂ'lﬁﬂ\-ﬂ'.f"nl



- £ ow at wooy N - 4 :l ‘f.‘f:‘_‘f':.'dlﬂ H:‘::_
TR TN AR IN DUV NS H IS R IER SN DA I i

w2 C816177 .MaoR MECHANICAL ENGINEERING
KEY WORD: FINITE ELEMENT

““PANYA JANPHAISAENG : A FINITE ELEMENT METHOD FOR HIGH SPEED
COMPRESSIBLE FLOW. THESIS ADVISOR : PROE. PRAMOTE DECHAUMPAI, PhiD.

190 pp. ISBN 974-331-729-5.

‘This ‘thesis presentsr a finiteselement computational method for
golving high epéed invigeid “compréseible: ‘flow problems-with the applicat ion

of an adaptive meshing technique to improve solution accuracy.

Finite element equations corresponding to these flow problems were
derived from the governing Navier-Stokes différential_equations using the
upwind cell-centered algorithm. These derived finite element equations were
used in the development of a computer ﬁrogram. The computer pProgram was
verified by solving flow problems that have exact solutions before applying

to solve more complex flow problems.

The-adaptive meshing technique was combined with the finite element
methed to 1ﬁprOVe the solution accuracy and to reduce the compu£ati§na1 time
as well as the computer memory. - The technique generates small elements in the
region of large change in the solution gradients to increase solution .aczuracy
and, at the same time, to piace the larger elements in the other reglons to

reduce the computational time and memory.

The flow solutions obtained from geveral examples demonstrate the
capability of the finite element method and the adaptive meshing technique

that can provide detailed flow behavior past complex geometries.
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