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Abstract: The local heat transfer of developed turbulent flows in the stationary ribbed divergent
rectangular channels has been experimentally checked out. The rectangular divergent channels with the
outlet hydraulic diameter(Dho) to inlet hydraulic diameter(Dhi) ratio of 1.49 have one-sided ribbed wall
or two-sided ribbed walls, at which the ribbed walls with the flow attack angle of 600 are manufactured
with a fixed rib height(e)=10 mm and the ratio of rib spacing(P) to rib height(e)=10. The measurements
of heat transfer for V-shaped continuous ribs(case A), parallel broken ribs(case B), and V-shaped broken
ribs(case C) have been conducted within the range of Re from 22,000 to 72,000.

The comparison indicates that among the three different rib arrangements of case A, case B, and case
C with two ribbed walls, the case A has the greatest Nusselt number, at which case A and case C
produce 158% and 122 higher than case B at Re of 54,000.
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Table 1 Measurements in ribbed channels
Authors Parameters  Channe 1
inclination
parallel, crossed,
) V/ A -angled .
Han et al. ribs, flow attack straight
angle
channel aspect
Park et al? ratio, flow straight
attack angle
number of
3) ribbed walls, .
Ahn et al. number of straight
heated walls
flow attack
Lee et al.? angle, parallel divergent
continuous ribs
flow attack
Lee & Ahn® | angle, V-shaped divergent
continuous ribs
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(a) Schematic diagram of experimental apparatus

(b) Rib

Fig. 2 Experimental setup
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Table 2 Experimental conditions

Room temp. | Relative humidity | Working fluid

21~30°CV 50~65% air
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Fig. 3 Local heat transfer coefficients for case A

56 U=FSH7IASHYR M22@ H2=, 2018'H 48

ot

A A
e - ot

rlor

o7} YT, *& HolE= 422,000, 32,000, L
23 43,0000 A% & HH HEIF 3 HE gB1
Bt EHD Algert 24304 1t Foh

ol FiAdelA 30° AA v-& AL B
Lee?} Ahn”9] A9t A AZE a1de] Ahn et
alVe] AFolME ZH dAG Aot glB AX
ol 7 F54E T4 Fhete AFE ROl
A= G2A YeEPGT o]& case AY V-§
ZBAAME Leedt AnYe AFHH 2B A
22k % A(eel)©] FAG= o gBIF X
o 7RAAE A E A FYRE Fte
7F A FdFoAE a7 AXE vk

Fole SAF7F 47 #Agt. ageg

2 1y

rir

1z

‘]

b o

Mo ooy W orE o JeoRorr
2 [T fo
1z
(g o
o
fru
o2t
ol
[z rr
_]\I

of Blu wel vt ges

a=60° —{3-22,000

300 |- Dho/Dni=1.49 —O— 32,000
one ribbed wall ~ —/\— 43,000

Case B —~/— 54,000

- 64,000

—> 75,000

200 |-

100 -

Heat transfer coefficient, h

0 2 4 6 8 10 12
x/Dh

a=60° —{122,000

300 - Dho/Dri=1.49 ~O- 32,000
two ribbed walls ~ —/\— 43,000

Case B —~/— 54,000

—<}- 64,000

—>- 75,000

200 -

100

Heat transfer coefficient, h

Fig. 4 Local heat transfer coefficients for case B
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Fig. 5 Local heat transfer coefficients for case C

th ol ¥wWel HX" A HEsE F &
(main stream)°l|] P& &37} 7 2] W&
o BE AE AR F vk RReA =5 d

AY A% sk ol Agrel Pol
=

K-
E=

[t

Hr

2

)

I

)

¥

=

Lo

®

b

N

N,

o}

J}i

O o 30

F AAE £AR Aste] W@ Lwsb shopyl]
w 2ol h,

Fig. 5& ©@=td V-3 2 H(case O)9 =5 &4
g Alelth A4 V-8 gl H(case A)ET HAH
S 2 FE o{ 24E A5t AUt ol ©=t
V-8 B9 A% gH ggoz Aste 23
T Ao A L dFVF AR do] ek
E 7tEA7IE @] EAshr] wEolth Y
28 W3 Y& ZHe case BEU case C7) A
Hog T =i AT AT hE BAth ol g
Bo] "l X7} case Bo| 79 BTl ZHulol], case C
o A5 HH A Fol] AHA HX|Ho] o] F
5o vXe= gB &7} case Co A7 37
ufj Zo] .

Fig. 62 case A, case B, 12|31l case C2| A
e FAE FNuy)olth. BE 4§ #olsx
7V 2545 Ad B FHE U Ao ole

PN
P
[e]
4
Lol 245 749 Wu L)% fA A 3
A
o

o _10[1]

0;

T 25(Ty)4 Akel7t #obA]7] o]t} Case
BT} case B9} case ColA & ®H gEHT
H gl Ad He FAE £ Xol7k ¢ F
T} ©]&= case B9} case CollA = AAF Bl HoA v
J5he 23k 5ol 28 2Yswirl)o) o} g H 7}
F frEdl vX = At A o]7] wEoltt.
Gl 2B} 3l Re = 54,00001 4= case A
2} case CY ANIH+F TFAE G+ case BET 7t
ZF 158%, 122% Zith. Fig. 72 Dittus®} Boelter?]

AP A Po] BE FAE 5F T2

&
H
offl
J n
N
N
of
&
&
Ral
>
~
N
i
>
~
o
N
=
©
[
N
e
Ul
~



800

Onerib Two ribs Dro/Dni=1.49
—M- —{J-channel A 60°

—@— —O-—channel B

—A— /A channel

@
=]
S

N

o

S
T

Average Nusselt number, Nuav
N
o
o
T

1 1 1 1
20000 40000 60000 80000

Re

Fig. 6 Channel average Nummselt number

Han et al.(1997) Dro/Dri=1.49, 60°
Dno/Dni=1.00 Onerib Two ribs
-+ A
8 - —{I 60° v-shaped - o ggzz B
—A—60° v-discrete  _A A Case C
6+
8
3
£
Uy @—Qg ;
2+
1 1 1 1
20000 40000 60000 80000
Re

Fig. 7 Dimensionless Nusselt number

Aol A58 EAYs=
FoAE A G
AsEY. ol 3R
o HX= FFL HolEzx vt
Ao FIhgo] AtteE AL vt Fakd
TAE 9] F7] &A= case A, case C, 18|AL
case Colth. BIwE s A AAE 22 A
gro {5 FTEZC] 60°d V- A& ZE
(V-shaped)®} V-8 - (V-discrete) /B H3k
Han 5" A7E st & A9 o x|
Jo] A AEhro T FHAE 7} Zith
ol Fdf Ade A5 o] waEF A wat )
g @i o] A A W A 5ol EAs)
o 37 AF H 259 7FE gHH2Ee 2o
7 £o157] WEolgt AsET

277h A B dolaz
E3ol W] wRolet
ool x Purt FAE 5

[e]
w52 A

58 TEFHI|AFR|X| M22A M2z, 20184 4%

32,000, LI 43,000)0 A% oF A
g Ed glEREg dAdY ASrt 2asA ozt
Zitt.

2) oFdol 2lHB7} Al Re = 54,0009 A= case
A%} case Co AE HHF FAHE 4+ case BETH
Z+7t 158%, 122% ZiTh.

3) S Ade A9 Zo] Wk Aol wet )|
g gHZo] ARy WiEel Ad W AeF 75

o5 Astel F7) A FFemsh g ¥A 2
o] Aol7h ol gl Aol A4 Adu ¥
A9 FAE 57h Hoa AsE,

References

1. J. C. Han, Y. M. Zhang and C. P. Lee, 1991,

"Augmented heat transfer in square channels with

parallel, crossed, and V-shaped angled ribs",
ASME J. of Heat Transfer, Vol. 113, pp.
590-596.

2. J. S. Park, J. C. Han, Y. Huang and S. Ou,
1992, "Heat transfer performance comparisons of
five different rectangular channels with parallel
angled ribs", Int. J. of Heat Mass Transfer, Vol.
35, pp. 2891-2903.

3. S. W. Ahn, H. K. Kang, S. T. Baec and D. H.
Lee, 2008, "Heat transfer and friction factor in a
square channel with one, two, or four inclined
ribbed walls", ASME J. of Turbomachinery, Vol.
130, No. 3, pp. 034501-5.

4. M. S. Lee, S. S. Jeong, S. W. Ahn and J. C.
Han, 2014, "Effects of angled ribs on turbulent



2271 A= 2t AZE MEollM =8 SHE

heat transfer and friction factors in a rectangular
divergent channel", Int. J. of Thermal Sciences,
Vol. 84, pp. 1-8.

. M. S. Lee and S. W. Ahn, 2015, "Heat transfer
in a two wall divergent rectangular channel with
V-shaped ribs on one wall", J. of Korean Society
for Power System Engineering, Vol. 19, pp.
32-37. (in Korean).

6. S. J. Kline and F. A. McClintock, 1953,

"uncertainty in a single sample experiment",

Mechanical Engineering, Vol. 75, pp. 3-5.

. M. S. Lee and S. W. Ahn, 2017, "Heat transfer

enhancement in a divergent passage with 30°
inclined ribs", Korean J. of Air-Cond. and Refrig.
Eng., Vol. 29, pp. 401-407.

. F. W. Dittus and L. M. Boelter, 1930 "University

of California(Berkeley) Publications in Engineering
2", Berkeley, pp. 443-461.

S=FHIIASHYA] M22# M2%, 2018'F 43 59



	리브가 있는 확대 사각 채널에서 국부 열전달
	Abstract
	1. 서론
	2. 실험장치
	3. 실험결과 및 고찰
	4. 결론
	References


