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Effects of Rib Angles on Heat Transfer in a Square

Convergent Channel with Ribs on One Wall
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Abstract: The local heat transfer and pressure drops of developed turbulent flows in the convergent
channels with square cross-sectional areas along the streamwise distance have been investigated
experimentally. Four different parallel angled ribs (a = 30°, 45°, 60°, and 90°) are placed to the one
sided wall only, respectively. The ribbed walls are manufactured with a fixed rib height (e)=10 mm and
the ratio of rib spacing (p) to height (¢) = 10. The measurement was run within the range of Reynolds
numbers from 22,000 to 79,000. The result shows that the increases in the Nusselt numbers for the

flow attack angles can be seen in the order of 30°, 45°, 60° and 90°.

Key Words : Rib angle of attack, Heat transfer, Convergent channel, Total friction factor

1. M &2 el ZEE A 45 ddes v@As 5

Aol #F AF7E @i o]FojAa gloem

AT JhzENe 292 ZUA7L dg 4n  EA] ATE Han’F Lau §V°] HE@FoR
2 a7 98 YTLEES Zolx ZAo]  TEAS /I FxIF £F gr FxiEng d4d
. 1A% slzEne] A9 HY ezt g 2 A%l vsislen, Ad SN =2 A
& 3 RIS AFEE 17000 o)o g slxaE EEU W2 A At ddD Aol v
Hlo] AFEEE YEAe] g AAS AN 43 T2 BT Han 92 A4 AR AdelA g
s 9t wakA AAe §XEy] Y8 &y B FEZ 300~ 4504 W Ho A< FFa
Al Bl Wzhr)%e) A7yt Besith =g F  F HATh A S92 4¥de SHHo= Jtd
O BalzAoM SAEHE 7laEE Q40 ww SRl 90° FEF=7e] 2EVF AA"E A A
LEE 10K BFE AS 7 F9o) 2uizka = EolA BB WY e vkl HHe 5rh I
JlEE Aoz Rusm Quk) AzbAdold ¥ B3 fdEAst Al 9% 2ASY.

et Qb A A AN, AR - AU SR S FAFd AT #*+T Soo-Whan Ahn (corresponding author), Beom-Soo Kim :
EAY PAES= - Dpt of Mechanical & System Engineering, Gyeongsang National
University.

E-mail : ahn9294@gnu.ac.kr, Tel : +82-55-772-9105
*Myung-Sung Lee : Gyeongnam Institute for Regional Program
Evaluation.

E-mail : ahn929%4@gnu.ac.kr, Tel : 055-772-9105
*ol 4 : A AR, A

St SHY|AISHRX| HM20d M1z, 2016'H 2€ 69



stHoll 2/27F X 48 5 ARZIAHE0IM 2/2e] =7t S0 0jX|= FE

3 g Adelx HHe BV dxdel v
AE ATE Wang 592 Az dolA @ F o
Hlo] W3l & A4y 5 Z gyt rAe= 9
T AR Ay Ad @i e W) Ad 3
o g F dFE o AEs dSSTh
Lee 5/& #2407} 116011 FEZ o] 30
45°, 60° 1l 90°91 Fof zdel tha) X

=90 Azlel trEA 60°0)

o
o
2
?j
% A .
EF Lee TV AZEAA FHol 5 o 3
Wehs Aok RE Wol 4% 9 s A4
A5 MaF Ay ZE o] 5% 2 sy
£ 497 o 5e 945 dElE AL e
o oolel ¥ ATE AZde BE W] 43
& o el A8 gHe] A4Er} nAE 4
2 5 ZH &
%

Fig. 12 £ d70lA Agd dFZA 7=

ojth™ A A2 Aol 4,000 mmolIL AP

Honeycomb

t %

Test section Flexibe tube Blower

= 1,000 mmZ 3IATH AlFE 4Tl
52 THE7] Y8 300 mm Aol 3

st 47 EFdE R FEFTFS Hag
st7] fa) &9 2] 7tRYolEE 22 200 mm
9} 100 mmE AAsIHTE #E FAZRE AWF
718 AR BT AER ET S XA
H FF71 o8] AFRE FAUEAT AR
ST $ZF7] Aoldle 98 §54%Y] FEE
Fol £Z71d % 249 a3E H4F YT
AR F7] FHe AEE FHo Axd 49

FHOA JEAS ARGste] dBFAANA HH

o

Ad NPRe] AHWT w5 AUk AYR
At HYE =Y HEE ¢l AL 4

3t dHdde gdo] HEE Y.

g He & Wolwt AXsta By dX" o
€ 10 mm x 100 mm x 5 mm(t)e YBES d&
oz mA = 2B FE 72 Fig 29
2ol 30° 45° 60° ]I 90°E WILE FUATh
AT ZE Fig 37 2] 48H BF FALF S
2 FFHY dETe Y AAY FEH
(Dyi/ Dy)= 0672 AZSIAT. o714 D,
D, 44 Ad AEE 279 47y €34

olth. B IX|(p)Eol(e)e] vl 1002, E

* Valve‘

(c) ribbed side
Fig. 1 Schematic layout of experimental setup and test section

70 U=FH7IASHUYR H203 H1=Z, 20161 2¢



015y, 2

o, O

o Eolo} A HF FHEAAu(e/D,)E 0.1

stdn TR gre sldua o
a4 9e Aasdr) 8
sk AdRe ATeh EPEe] RS A
osta 2t TRl TY Fel-Tavg dHUE

214 AAslel MEeEE THG AT &
ze 18 dAsad. ddde B F
Z

Eolo ¥7¢ =799E ALt 50 mm Tt
THE e O o
=1 3 F F EANE IHANA
o 47 27992 75 mm (HES FAES
o}, @Zdl= Yokogawa DA100o| HAZAst HF
Elo] AXE DAQ32 Plus Data Acquisition
Software o] &3} AFE FHSSIATE 3F|E A
IEHE @AEEQ-Q) oty dF dxdZ

o8 HAsA
Q— Q@ =mc,(T,,— T;;) 1)
A7 me &7 AH, 1,9 T, NE R

F79 A7 AF Y@ Lxolk
Aol dolmz o) Hole ofeish L.

AN
§

s :
] 400 ]

W ¢
/ 00

Fig. 2 Rib angle

ro
4>
rlor

A
o,

_ umehm
R@—f (2)
AN M w,e A drek T Ax e A
7 folth, FH AAD A ol 2ol
cEETES

h=1Q-Q)/A(T,,_T,) 3)

a8 AL HE FAE F(NVu)S obieh 2
o] Aejstitt.

N hDhm 4
‘e k(lil ()
D, & AR A B2 Y AP0l k2
379 dA==olth FX Y HA(D)e A
o 2R s (P)% BREHU MR A (5)
sh o] Aelaksit.
D 4x A, S
P )]

e

AP A7 BTN 8 7o) wetuz
473

olelsl o] Hsle] Sel WAL TahATh
‘Dho+Dh7',
Dy =5 ©)

A g™ Asiaryel 4
(8)% #o] T3t

(< o183k 4

1 1
APT:PfPo+§Pu§*§PU§O ™
D, | APy
fT: 2 AL (8)
2pu,

)

Fig. 3 Diagram for derivation of effective pressure
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Fig. 4 Spanwise distribution of Nu/Nug
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