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Effects of Vaned Diffuser Shapes on the Flowfields of a
Small-Size Turbo-Compressor

H.-S. Kim, K. Cha, Youn J. Kim~

Key Words: Small-~size Turbo-compressor(£3 EJH¢F27]), Rectangular diffuser( F%% t#F4), Conical

diffuser( 27F 7 4)

ABSTRACT:

The effects of diffuser shapes on the flowfields of a small-size turbo-compressor have been investigated
by numerically and experimentally. It is important to optimal design of each elements for developing the
small-size turbo-compressor. Typical range of rotating speed of a small-size turbo-compressor is
40,000-70,000rpm. Numerical analyses are conducted to the rectangular and conical shapes of diffusers.
Three-dimensional, steady, viscous governing equations are solved by SIMPLE algorithm. To prove the
numerical results, experimental studies for the measurements of static pressure and temperature at the inlet
and outlet boundaries are performed. Comparisons of these results are executed, and reasonable agreements

are acquired.

1.M B

283 ERE Aoy To2 olFoA dx, 1 7%
4 4829 dFA5 83 4ES @9stn o
AT 37 g 1EEE ZE YEV
F2 e biFAst AEsHn
ZE S dAFgezA FAhge &5 2
AFIL oJRALR A AEEFo] FasH F2Y 2
ol FY2EN £AE TAaANIA e Hejth
w1l o FAE At oz wglo] gli(vaneless) U
Ao e &i&(divergence rate)o] Eol £7 A

»  AFwvosta yetel
s R 7)Ao

E-mail : kimyj@me.skku.ac.kr

Al

X
=
_3_\!‘

Ir
»

ol 7Fsdte nhEEdS Y 4 A
t)EAol HF go] AEsld g
Fol 7bsshA FaMeAst Fohe vde

LN
> rp{t fﬁi 4
Mo_g‘
o 12
OT;-EF

[»

o X
2
&

4 K
)
Lo
oX,
ol
At
s
rlo

fu o @ o
Ry
=]
R
=
dz
K3
2
o
e
i)
&
ok
i)
oxl
o
&

Strawn & Kline'’& sd T & o) Zo|7} g,

gure F7hgel & zlol AIHAL Vo,

-187 -



Moore?= Ad tFAoA Z-5 % (bell-shaped) o2
gd=e g4 OFHE 47 FAE FAN gL
4 5ol Ui PdEdE ARE 2¥&9r) Dolan
& Runstadler®s -2 (bell-shaped), EH -2 ok
(trumpet~shaped), ¥5%(conical) HFHE wlwslo,
Y7 blockage?t A& B4 F-2Yo] ¢4, o
BwEoz A U3y OFAs $43 J)8Ey g§a
olg Yoldlity Swamy & Agrawal?e 9%¥ R
e gzt Wzl wet AFs Ay o)F Fze
ZE 939 oFA(double divergence type conical
diffuser)7t 4% °] £&& Bt

E d7dgAe 3 SAeA AEE g 3 o)
A, BAS 40,000~70,000pme] 29 43 EHRGE7)
of AHEEHE AWy 959 dFde g4 2
Ml WE OFA 45% 554 sy,

2. 0|2 sy

2.1 Kbl 9Ea

A4 AU dRAFEFE e AL A
7 Bod |9 FEE 88 oen g
_a%"(PiZ) =0 )
f;(p%%—rg)=—3‘2ﬁ @
7 H
Lok ~Fu;— wity) = 0 )
ox; P % hi T WiTy) = @
_ (0% 0w\ 2 Ou
% ﬂ( an + 3x,) 3 # axk aij
(4)
—pu U
aT >
F"-/:"axi —ouh (5)
A7IN, ;&8 BAE, F, e dux S 8
g, 2da xe RAEAFI
Reynolds €3&2 Astr] 93 drEdzs

k—e 2EE AN, BAY A4 &g
TF317]1 Y3 #8AHY(finite volume method) S A&
st ojitglsigied, oiF 2 #}idky Ay B
T4 (hybrid scheme) AM&-3199t} T3 A4 B4y
I FEF WA 2% 98 SIMPLE ¢xeElEg
ALEEET. AN AgE ZAFERFAY Ay
9] etz HduE Ade g AL o] &Eg
)

b= uR—Tb +
- (V}_b),(A,"i'B,T‘*" C,'e_XT/TC) (6)
C,= ZIG;T‘"‘—R )

471X, RE 71A,
B, C, G %ol

TC—E Ot];;ﬂ_‘Q__E’ v, b, X, Ay

2.2 M 2E W HXHA

FAY d9e JAdHE AT dFAY oHA
& ooz 9o 449 AgEdsl gdeg &
3 71, 4EE ¥ OFA) EdREES A P29
o} 4 oS Fig. 13} Zo] 1= Felel w4 o
FAHE UFEAT A dA 2de Augow iR
HrolM B REAANE 93(arc)E wel AL o
HHo| F713le YHolu, BHEH YFA FPAAE
A¥Hoz Ay gumo] e 7HAY F7t
e Feoith F A 2de 9459 wygow OF
A AT B REAXE 4EE ue ¥ gy
(semi-elliptical) @B F o] F7lste FEoln, ZHE
HqFA E37txle guoe] w oA dyor
dz& 7Hx T F718ke Yot

AAE 93283 72 2dq Yy fFAdE 4
AE el goldl=E AA VA FHFEA(bodyfitted
coordinates)& ©]&-8led ALY AR A (staggered
grid € AMESIa, 8 IAMY AAFE Zo)7)
A8 "eE ALY

Fig. 25 XA AR AA ARA(GB0x20%
807h)el, Fig. 3& CFAe AAA(AEY 10x8x
5471, A3¥ 16x10x58/MWE ez ok U

b‘ Il

-188-



G= P2A2 V/l (11)

t
Vtz—_: 4 Uz tan 2 BZ (12)

tana,ttan B,

A NI, RS WER EE uaARY AuA, ok
)l Adslip factor)olw, 334 1, 2, 3& 474 &
42 Q7 - 27, 290 OFA 378 Gean
YFEARAA DFLFAUA 28EE T
dad S47elt dTE0lY 110002 UG 27
AARANE AnHo FEUF] HIARE D7)
7} ojgr) WEd BE FFUSS) e} HagTe
) ) . = a7 29 Newmamn £U& AHgRgon, B
5 7aNIBL Y LY oA B2 7 no-slip condition)® AF&-SHATh

A
/f/ / // //A Volute
View A-A  View B-B  View C-C

(Throat) (Semi-Vaned
Space)

Fig. 1 Schematic diagram of vaned diffusers
a) rectangular, b) conical.

Qutlet

A Q7E Jde 7E Yepu O9F E7E 8
#E 978 yshin,

Inlet Diffuser

2.3 AA=A Fig. 2 Grid systems(48,000 cells).

Fig. 291 & % Xl 9FA 97 #del 97 LKL
= = LR
AARelD, AR E7 27 AARD. 9T B KL
Adelde ZE 5 Wogel A4deior ¥tk 9
gy E7olAe 4 LxE a7 Sstd 4
(®)-(100& Argagi, HAwEn FALs £5s

242} A (DT (1208 o148t Fahgich Outiet
a) reclanguiar(4,320 cells)

tan 8 5
tan 2 ;+ tan 8 ,

=1 c,,r,[(fl)(y‘m—l] (8)

0'(}22

7 ad

R= 35 9 Inlst

b} conical(9,280 cells)

(W~ TIR=T T (0 Fig. 3 Oiffuser grid systems.

-189 -



3. eEEA A iy

AFAAE Fig. 49 =AF AAHE Jops) grgd
712 fddEe] 458 ¥ 94 A% daz f98
=& Tk WlE Ayl A9 Aol A
AR e o 3AES 10%0]8e) ATE §4)
AR

HEYgE7= At gol F7IWolg s A8}
7] &Y £z A9 FAsHoT, ¢y 2
€ pipedl AYT L wHEC] EAsAY AAHNA
o] £ 98 FEvle fEAojdrg Aolstyrt
dlo|e] ¥ E#x|(data acquisition system; [/O Tech)
2 A¥FARE Agstged, 4949 209 489
FEFE LN TEHYY Fosg Wi
AE71Y HHrE ZHIEE 93, dA4E 14
& F 72+ go] we FHE s 2dsiic

FHE FUP AXNE edIdx FBAZ 245
A, 25E FH37] A8 TE (copper-constantan)

A AYOMEGA)S AHedlgon gae 2487 9
# #HYst 0~10kg/em™ SHAPDCR 130W/C,
Druck)& AM&-3tuch

4. g3 9 1

o

FRAMA S AFE AP YT 274404

ZFE utyrbe T JEA gl sl Saeiqr

Fig. 5+ s144& 53 73 4% 29 g
g&FA, Aeldd dis] FAsez F4% %}%‘4%
tio}ai o] & APA g Hlaﬂﬂ ATRBA AL

2 YAHGAN i &
e

Fig. 6& €8 &72RE tFAd 774 H%
Hat] g HIEASFE Jehdn ¢gEEA S

_>,L
rir
-i
ol
o
fé
M g
i & rl
o2

e 7 &3 AHgHE dFA A% 85EA, OFA
g AUY 48 FYAE 47 FHeE vy go
Z Aot é OFA Gl The] dFEe] o
FAel o8 Aoz uHE AL 7}3]71\:}‘5)
a-AAN Hole AAMH dHIEASE UFYol
AYFERG GHIEAF gho] F2 Zﬂ% ¢+ 9
D} 98 STAXRE E-8d 99 dFAAY T

r\l
ol

e 49 S5 olale 4ds 9ZE ouy

© :Sight glass
== : Flowmeter

> : Valve

Fig. 4 Schematic diagram of test apparatus.

05
045
04 "\l\“__ -~
035
———————
E 03
S 035
5 02
015
o1 —*—TESTT_
005 ——CFD |
0 ,
50 60 70 80 90 100 110
Qlg/s)

Fig. 5 Comparison of pressure difference between
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Fig. 9 Distibution of pressure at rectangular and
conical diffusers.
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