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ABSTRACT

This paper presents the study of performance enhancement of heat transfer in a channel
by grooving the heating surfaces into 3 types: rectangular grooved channel, V-shaped
rectangular grooved channel and rectangular rib-grooved channel. The experiments are made by
varying air velocity in the test section to cover the range of laminar and turbulent flows
(Reynolds number from 500 to 20,000) at a constant heat flux condition. Experimental results
are compared with the results of the channel without grooves or smooth channel. In addition, the
array of grooves is placed in in-line and staggered arrangements.

The experimental result shows that the heat transfer rate and friction factor of the
channel with rectangular grooved upper and lower plates are higher than those of the smooth
channel. For the groove-depth-to-channel-height ratio (e/D) = 0.33, the V-shaped rectangular
grooved channel is found to provide higher enhancement efficiency but for e/D = 0.25 and e/D
= 0.20, the rib-grooved channel yields better enhancement efficiency. The staggered-groove
arrangement provides higher heat transfer rate than the in-line groove arrangement for the cases
of rectangular grooved and V-shaped rectangular grooved channel while the in-line arrangement

gives an efficient heat transfer rate only for the case of the rib-grooved channel.
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vV
g fin dasusuilosnnuse Iue 9, mss’
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3.3.1 M3 150U (Conduction)
' 9 A 1 9 aa ‘3 Y A a 1
NMSATINIOU AD MstIomanusouNnnavumeludinardielinuuanNA 199849
N v [ »
gaumgiiniensmismanudeuiifaiusznisdinaniidaduiiolnnuuandeiuves
a o 9 A a Yt 'Y o J ) 9
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dTl’
7, ¥ (3.5)
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EL)
* dx

4 v
e Q. fe dasimsmemanuieulaemniviuiuiniida A, W

g, feamdndanudou, wm®

k fis A1 23S ouveeIng (Thermal Conductivity), W/m °C

2 df a Y o :;o,l’ v a 9 2
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m3197 3.2 Aanmmsthnnuiey (Mgaungll 300K)

I819) MANMNNMFHIAINTOYU (W/m'C)

[y 429
nowWAILIINT 401
N9 317
pzglitton 237
min 80.2
Uson 8.54
A7 1.4
o3 0.72
H

iy 0.613
WINUUDIAY 0.37
miﬁmmmﬁu R-12 ' 0.072
o1l ‘ 0.026

' 'y o wa 1 & as 1 o
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o 4 ° as ad = d a
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3.3.2 MINANNSou (Convection)
b4 r- ] [ J = o ~
NISNINIINIBU AD NITOIVINAMINSBUTTHINAIVBILTINaZYDY Iva TaeNves
ﬂ 1Y 9 Y A 9 = <4 o s Ao Y a
Tnaszidludmnanudeumnidnsenanudouninitvewds dmiunalnfivldifans
) ) 14
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. 4 A ¥ toa <
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LY Y a v W @ oa I~ ] Y 4 o"
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Qco .= hA(]; _Tf) (3'7)
=]
130
qconv . = h(Ts - Tf) (3.8)
lag T, >T,
d'l & s 1 9 ] 4? P Y o
e Q,, fAodanmsnomanuioulagnmswiHuiufintda A, W
o
Qoon. 010 WandgnMSOU TROMSWI, W/m®
4
h Ao duisz@nimsminauiou, Wm’ °C
g ada <
T, o guugiindiveuds, °C
T, feguuguvesvesina,°C

) o 1w a LY J 9 P P o
ﬂ']ﬂi'l]ﬂ']ﬁllﬂ‘i%ﬁ'ﬂﬁﬂ'liW'lﬂ']'liJif)uﬁ"liﬂiﬂ'ﬂ']ﬂ'l'lﬂ%'lﬂﬂ'liﬂﬂﬁﬂ\i "lf\ivl,ﬂuﬂ'ﬁlﬂ‘ll

g

Y L] Q’r =y Q( H
15197 3.3 Mdulseaninismanudoumae
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dszianusamsmianudounasriavesiva

¢
maudszansmsmanuiou (Wm'’ 'C)

msmmm%’ammuﬁaiwmmmﬂ

5-25
mswanudounusaszuasi 20100
msmanuounuuifuyeteme 10 - 200
msWnnus ammuﬁqﬁmml{w 50 — 10,000

¥
W luseniemssaine

3,000 — 100,000

Ed
i lusgrnamsauudy

5,000 - 100,000

3.3.3 MUATIEA1u5BU (Radiation)

Tt A 8/ 2 ' v aa A v g d’ Y-
NITUHIITAAITIUIOU A1D ﬂ'lﬁﬁ\?ﬂﬂﬂ‘\la\?iQﬁ'ﬂl‘]f@?']l‘].luﬂ'lill]aUuﬂ’]ﬁ%ﬂﬁU\‘l

ad '3 as te A 3 o
Bianaseuvesesfilsznouszasunie luanalasndsuvesnmisukiiiiinesgniieen 1u

4 ] o a J
arwafuiman I (Blectromagnetic Wave) n3oTWaou luanudussenisaromany

1o dd” a .3 A . a A o & 1o & A )
Tasmsuniadfivsfatuedefiss@nsamunigaluanmgaainiadge lisuduiesdes

. ’ o
msmnm\um‘lummz'ﬁmsmummm%’ﬂuTﬂUmsﬁ1mm%’auw%’amammm%’auﬁu
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HUH (Stefan-Boltzmann) fail

qrad = O-Ts4 (39)

q w o Tar
e g, 0o ddndgegavesmsunseianudou, wm’
1 $ ¢ o I'd .
c Ao ananvesmarhu-Tuaawsiueg = 5.67x10°, W/m’ K*
T, Ao QUVQNAIMASIE, K

- o

auns 3.9 1¥iunsdlvesdunssdlugaund (Ideal Radiator) M3p3nQA1 (Black

b4
o o =3 Y ~ v ¢ T a 1 =t
Body) 115 UNINUDINUAITE (Real Surface) Wanansedauiousziiooniinstives

¥
-3 o @

q’: dyél as e oA 4 —. a o Jd 1w a .: o a
1A Hedvunuan wlassed (Emissivity) ﬂlmﬁ'umuu NANFUNTITUUNUAITTS

€

AUINUIIN
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T p C, L x 10’ v kx10° | o x10° .
K | kegm) | kIkgK) | Nom)) | ) | WmK) | (%) '
91N Ift

100 | 3.5562 | 1.032 71.1 2 934 254 | 0786
150 | 23364 1.012 103.4 4.426 13.8 584 | 0.758
200 | 1.7458 1.007 132.5 7.59 18.1 103 0.737
250 | 13947 1.006 159.6 11.44 23 25 0.707
300 | 1.1614 1.007 184.6 1589 | 263 225 0.707
350 | 0.990 1.009 208.2 20.92 30.0 299 | 0.700
400 | 0.8711 1.014 230.1 26.41 33.8 383 | 0.690
450 | 0.7740 1.021 250.7 3239 37.3 472 | 0.686
500 | 0.6964 | 1.030 270.1 38.79 40.7 567 | 0.684
550 | 0.6329 1.040 288.4 45.57 43.9 667 | 0.683
600 | 0.5804 1051 305.8 52.69 46.9 769 | 0.685
650 | 0.5356 1.063 322.5 60.21 49.7 87.3 0.690
700 | 0.4975 1.075 338.8 68.10 52.4 980 | 0.695
750 | 0.4643 1.087 354.6 76.37 54.9 109 0.702
800 | 0.4354 1.099 369.8 84.93 573 120 0.709
850 | 0.4097 1.110 384.3 93.80 59.6 131 0.716
900 | 0.3868 1.121 398.1 102.9 62.0 143 0.720
950 | 0.3666 1.131 4113 112.2 643 155 0.723
1000 | 03482 | 1.141 424.4 121.9 6.7 168 0.726
1100 | 03166 1.159 449.0 141.8 715 195 0.728
1200 | 0.2902 1.175 4730 | 1629 763 224 0.728
1300 | 0.2679 1.189 496.0 185.1 82 238 0.719
1400 | 0.2488 1.207 530 213 91 303 0.703
1500 | 0.2322 1.230 557 240 100 350 0.685
1600 | 02177 1.248 584 268 106 390 0.688
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Abstract

This paper presents the study of performance enhancement
of heat transfer in a channel by grooving the heating surface. The
experiments were conducted by varying air velocity in the test
section to cover the range of turbulent flow (Reynolds number
from 5,000 to 20,000) at a constant heat flux tube-wall condition.
Experimental results were compared with the results of which
without grooving. In addition, the grooved-surface arrangements

were placed in in-line and stagger fashions.

The experimental result revealed that the heat transfer rate
and the friction factor in the channel with grooved surfaces-are
higher than the channel with smooth surface and the stagger

arrangement yields greater heat transfer rate than the in-line one.
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