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Abstract

This research studied numerical investigation on laminar flow and heat transfer behaviors in a
rectangular channel duct heat exchanger with air being fluid. The paper is aimed at finding geometries of U-
shape baffles that increase the thermal performance of the heat exchanger by using finite volume analysis as a
means for Computational Fluid Dynamics (CFD) design. The design parameters include baffle height and pitch
ratios while the performance indicators are Nusselt number and friction with respect to a square smooth
rectangular duct. Numerical experiment was conducted and the results were compared.
Keywords: Heat exchangers, Thermal performance, Periodic channel flow, Computational Fluid Dynamics.
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MasunasuanuatlazAta
A area of absorber plate (m?)

C, specific heat of air (J kg*K™)

Dy, hydraulic diameter of duct (m)

e high of roughness element (m)

BR relative roughness high (-)

f average friction factor of roughened duct (-)
fo average friction factor of smooth duct (-)

H height of the duct (m)

h convective heat transfer coefficient (W m?2 K1)
k thermal conductivity of air (W m™ K1)

L test length (m)

m mass flow rate of air (kg s™)

Nu average Nusselt number of roughened duct (-)
Nup,  average Nusselt number of smooth duct (-)

P pitch length (m)

PR relative roughness pitch (-)

q rate of heat transfer to air (W)

Re Reynolds number (-)

t; average inlet temperature of air (°C)
to average outlet temperature of air (°C)
tr average temperature of fluid (°C)

ts average temperature of plate (°C)

u velocity of air in the duct (m s™)

W width of the duct (m)
Fyanwoinin

Ap pressure drop in the test length (Pa)
p density of air (kg m™)

U viscosity (kgm™.s™)
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Sripattanapipat L8z Promvonge [2] Ansmslrawuy
USRI FIa T U diamond  baffles
LLazagﬂvLﬁiw‘i'aa%’nmmﬁuﬂammu diamond baffles
ﬁﬁquﬁanma‘ﬁ' 5-10 peenTildANMTENEIANL oL
AANILUULHUI WAL Promvonge WazAtwe [3]
dananuusiassmylwauuussuluramnioy
Tapferatronnutiudn 45° baffle J1calanars
fauladaninadraeanututiuuuy 90°  baffle.
Promvonge uazame [4] lavinnsainsuuudnassns
Inatiadnsnmsiolaunnufousznitoununm 45°
0 90° baffle Tapfiaasliumisnisuwuazans wuin
wruis 45° Fnnsenslananuionlddnit 0o baffe
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Vlﬁﬁﬁé'@mummgwaa@“’aa‘fﬁdmmﬁuﬂm IGREY!
LRZHARI pitch @‘i’] Promvonge L8e Kwankaomeng
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dromnaausonld 100-1,100% Llatisunusie
T NG T T TR YL YRR e PP RIT- e
mMuRNAREs 90 i lwdszansmwnsanuiosn
gdgﬂagﬁl 2.75 Kwankaomeng LR Promvonge [7]
Lauagmmwaoﬁaa‘?ﬂamwﬁuﬂammuLmuﬁf’ﬂuﬁﬁw
Ry 30° FUMIETNUUWREILABHIWINSUDDS88INNT
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100-923%. Wei Peng Wazatue [8] NAaaINIIENLN
AMUTOULLLNITWA (Convection) uvioFinasufidl
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gaq@ﬁ'gu 45°. Sriromreun WATATL [10] LEUWONANTT
na8asvaIeIaTI9nNTulIuLUL Z-shaped baffles
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a_xi (pu]T) = a—x] (F a—x]) (3)

o

W I @a Thermal diffusivity I31/aunn3aats
r=— (4)

aumiwé’amm:gﬂ’l%mmﬁaum'iu,‘uu QUICK
scheme LLAZRUNINT governing equations azlgmsun
WULU second order upwind W®INNU SIMPLE
algorithm wazswImlasding finite volume (ANSYS
Fluent) [16] ammnmq@ﬁnmmfﬂam normalized
residual value Sdrénn 10” fwIunnauM NG
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Quir = Qconw )

mwmmsﬂumiwwmmﬁ”awuaqmmﬂﬁaumilﬂu
Qauir = MCpgir(to — t;) = VI — heat losses 6)

I@] YRUNIINIICNYLN ﬂ’)’]&l%ﬁ]‘lﬂ.@] HNNIWINNHIIYID

£
a

WRZRUNNT Nusselt number §A1IOLDU LA AI7

Qconv = hA(ts — tf) (7)
Nu = hDy/k (8)

e t; fia guanpiivesvednalade &

ANMVFUNUTAIINANT

tr = (t, +t)/2 9)

6 o

&UMT Reynolds number 1 ldaNNANNRUNUTAIH

Re = —”“fh (10)

Friction factor, f @éNW38kaN Pressure drop, 4P @y

o

[P EJ’I’J?IEIG“IJ'EIG‘Y]'IGﬂ'IivL%ﬂ L a3t

AP , Dy

f=2—,-0G2 (11)

pu?

unnaIM RN RUITOULLTIANUTEW (1)) AaFasIk

o A ¢ o & a &
PoIFulsEANEMIwIANTawLwALAIgUN IOk
NAFaU h NUNWALIDL, hy, th GILAIIN pumping
power JALYINNK aNNTOEBDwENNNIAI

Qair — ﬁ

Wpump ho

Nu __ Nu/Nu,

T (12)
PP (f/fo)?

pp

Nu,

18 Nu, uaz fo Ao Nusselt number uag friction factor
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(b)

07 f=62/Re
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Nuy, = 3.39 (13)
fo = 62/Re (14)
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qﬂmniuamﬂﬁwmm%”au \§a PR = 2 BR = 03
wazddn Reynolds number L4 1200 lae PR uaz BR
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Model Nu/Nu, A, TEF % Error
Laminar 6.12674 | 553325 | 3.46393 0

Turbulent (k- @) 6.35372 | 5.94742 | 3.50686 | 1.23936
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