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Analysis of Turbulent Flow using Pressure Gradient Method

Geun Jong Yoo

ABSTRACT

Applicability of the pressure gradient method which is formulated based on pressure
gradient is verified against turbulent flow analysis. In the pressure gradient method, pressure
gradient instead of pressure itself is obtained using continuity constraint. Since correct
pressure gradient is found only when mass conservation is satisfied, pressure gradient
method can reflect physics of flow field properly. The pressure gradient method is
formulated with semi-staggered grid system which locates each primitive variables on the
same grid point but evaluates pressure gradient in-between. This grid system ensures easy
programming and reflection of correct physics in analysis. For verifying applicability of this
method, the pressure gradient method is applied to turbulent flow analysis with low
Reynolds number k-& model. Turbulent flows include fully developed channel flow,
backward-facing step flow, and conical diffuser flow. Prediction results show that the
pressure gradient method can be applied to turbulent flow analysis. However, the pressure
gradient method requires somewhat long computation time. Proper way to find optimum
under-relaxation factor, 7, is also need to be developed.
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Fig. 1. Fluid flow in control volume

HHEE WA Ae]l AAAE didleEA
=58 + Utk

a9 13 2 HAARFAA A4 f5%e 55
2 9] FFe] Zolr} ek F

AA et flow) = F FEFF F FYFH

HYEY AEdAde ZAHIAHUS A4 fERe
2L ol TFE olFEE EAEA Ptk
5, A #3FE 00] Holop dch WA o] A
FEdo] 0] A gerhd ol AR ¢
gapol7t BEEE olFL e AoE /5%
Aot FFHAe] T2 4T Fo Uoletd &
FUFez 4Ye FE dvsiRE fEua
R e R fEo] AFYHE 2HE A
ot W2 4yt 9 2 Jehid 7%
Bge g fEol Frlshe E3%E UEhn. ole
A REF 27 wet deg gFHTuE ¥
T UAS Arisld o] AL e o] A
& <+ Sk

= P — y(net flow) 7a)

filo

P=P— y(v %) (7b)

o714, £ under-relaxation AFolt} &, P,
€ A fEEY 29 get ANED bgEy



a
o

r

59 23& WE= Afolle @50l 0] H
g 4¥e 2 #4549 44 ez dEd 5 o
o 4 (D2 AN FEHTHES AE4E I
g Aol AA e 78 5 =T A A
ovz FYF qYuigte 7 & e 50l
g+ Aok

3. Xbj 24
e, HYgSH dRAE Ay

Navier-Stokes 2]o] Reynolds ##'§& &H&3ln
AZE B 7k ¥ F sl

5 (pw) = 0 ®
0 (7 —y . _3dP
o, (P W) o, ©
d du; _ —
+ aX,' (ﬂ 3x,~ pu u j)
AN —pu B IR SERoEA o

TF371 $1g 7M. Aol ga7dnh B &
g Pl A% ol e dREde) =94
4 97|M= Boussinesq ZAPES A& T+
& k- e DS o] 83N

k- e EdMe 3R e T8 7HEsH
T3 AR, k, 9 o]e] g, £, & 9]
g3t B3I A7IMe HHdMREE W 99
9] o] JFIEE BF IFEES MHG
Chien®9] low Reynolds number k- ¢ Rel2 5|
g3}t

ou ;U 7 ( Iu; a;])
- iU ;g = Mt ] -
/ 0x, ox; (10)

- % aij ok

— o0k _ _0_ _dk
oU; axj = axj[(ll + /11/0',&) axj] an
= Pk - & — 'Zsz
X2
— 0 ad d
pU; axe,- = *gx*]_[(ﬂ + uilo. ﬁ]
2
+ chk% - Cezfz% (12)
- 205 exp(—0.5y")
X2
k2
py = C,,f,,p? (13)
du;
P, = — ',' A 14
k QU ;U ; axj ( )
f. = 1 — exp(—0.0115y") (15)
- 1 _ _K
£=1 o.zzexp( 6%) (16)

x & HEoeRH $AAYE odvlsn mdd Ab
£3 29 ASEE ¥ 19 AN} ok

Table 1. Model constants of the low Reynolds
number model
Cu Cc1 CeZ dk o [
0.09 1.35 1.8 1.0 1.3
4. XI5

2 479 Arrze vidEd 24 2 A2y
ARAY AHe st n¢d & gy AR
A st E€ AEHFES AR AA
AA HRZY ARAY FREE FASHAT 2
U @AY HEHE BE3] st A
FHe £=8 s Zdey ddsia g2 FAl

’

tio



A3 M2%, 1999. 6

A THI|HE 0|88 LHF FEE MY §

AH FAol ;g shi dey ddsinzy dAg
dH AzAY AEE Aok ol2H 2 A6l
© viglZgd Azl HaAn AZd AxA 9
S A ARk & AZY AAE A
2ol AAF At Y T A8Sl o A
$4& A5k

ARG 51X41E 71E0 2 o] B3 f-50
AMe QAR 1 & FVMA S 33
ot Axee 2R Ui o] oE:Ao] EAlst
A BEE AT IR AAzRPezs
Yuldoz ALEE= AL 7BoZ sk
B A= no-slip, no-penetration £33 7
9F 532 09 21L& A3 FAdAMe
HYZAL a8l EFNME Neumann ZAS
ARgBIAT

5. sz

AAE AT e FF /5ol dE HeA
< oln] AZHJUP?Y. FulrHe Al |
Adtd FAEHAL o] A& FE [FEIAINA
HEHojol 3= B o|mg old 7)x3le A
Al HEFHIIHe dE-R5e sidds Fgo)
7Fssitt. AAE ETure] H84 HAEL ¢
3o o GRA5S HIRslY 7EldtE 3o g9¢
ol o3 B3 AE ¥ 7Y B
giAsl g NS A= A WA g3
e Ad oA @3] 2g9 g dRRse
2 YoM Ade YRRy s wad
FA7HNE A FYezn HANT. 28 2a)e
freol ¢ wEd Aee £E2Y FAAE RBo|
I glon #As] 2gd FHolM Clark'”e] 49
A7ete] vEE  AEsIYck  Low  Reynolds
number k- e Edo] 9§ sjdz= HPTAY
BAF WRE HRsl A YoM f5EE A
#apn d¥drielel T2 vimE Holn Yok 2
F 2(b)ollME dF-FoNUX9 vnE AAEde
o 3R-A5Ee 548 2 dkgdsln glon HEn
£ Adr siyzead? PN 78 £ e 23
o] A el S-S Holxm ok YA W

y/H

kU 02

(b)

Fig. 2. (@) Mean velocity and (b) turbulent
kinetic energy distributions of channel
flow(® ; Clark{10])

she el dieiMz siMe st o s
el G A 5ol AdREH Akt
22 A7)Ne AN gslc

¥ 4= O8 3904 B F3AdelMe) s4



6 F 2 B BREUBEER
ANNUSNNNNANAN NN N NN SN N NN NN Agjolct, IFAGGENAE 7I81EE 8214 9
3
h=508c¢c 3t ERAZe] FAHR EABATHAE Ae
BR7E LR FE AN ot TABAT
Un =326 mis H=12.7cm of AFARE B FFANE UEs Yok
° T meb oled H5S gt sk e YY)
y Yol 458 7heE e FL 7IRC] HA &
WLT&WWWQFT\\ o ¥ d@els #E4E FEH HRE Boln
glon) of7IM AeBF 49 % ARl 5L
Fig. 3. Schematics of backward-facing step BrlE B 4 ok AAHY £5EY vlae T3
x/h
2.00 4.00 5.33 6.00 6.67 7.33 8.00 10.00 12.00

1.00

(a)
4.00 6.00 6.67 8.00 10.00 12.00
L] L ] \ ..
. e .
- R a4
0.0 0.0 0.0 0.05

Fig. 4.

step flow (+ ; Eaton and Johnston[11])

v}/ U}

(b}

(@) Mean velocity and (b) streamwise turbulent normal stress distributions of backward-facing



H3d H2%, 1999. 6

AHTFUIIYE OB R FET AN 7

pipe flow

Fig. 5. Schematics of conical diffuser
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