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Evaluation of Heat Transfer Performance Depending on
Air Flow Conditions and Semicircular Turbulence Promoter

Shape Conditions in the Air-Type PV/T Collector

Jun Yeop Kim

Department of Refrigeration and Air-conditioning Engineering

The Graduate School, Pukyong National University

Abstract

Today, our convenient lives are based on the abundant energy produced by
various machines and fossil fuels. However, the exhaustion of fossil fuels is
just around the corner, and the transition to renewable energy is taking
place. Among them, photovoltaic(PV) power generation has improved costs
from hundreds to thousands of times since 1970, compared with the
underlying energy industry of all other resources. PV power generation
emerges as a representative player for new and renewable energy, and its
demand also tends to increase. However, in the existing PV modules, natural
heat generated during the power generation process causes a rise in module
temperature, which also lowers power generation efficiency. Research was

conducted on photovoltaic/thermal(PV/T) collectors that use waste heat by



using heat generated during power generation as heating and hot water while
increasing power generation efficiency. The PV/T collector is divided into an
air-type PV/T and a liquid-type PV/T collector depending on the type of heat
fluid. Air-type PV/T collectors have a lower heat recovery rate than liquid-
type collectors. Therefore, in this study, semicircular turbulence promoters
were attached to the back of the PV cell to improve the heat recovery rate.
Based on computational fluid dynamics, the heat-transfer performance and
pressure drop were evaluated by changing the Reynolds number (Re) and
semicircular turbulence promoter shape conditions. The turbulence
promoter shape conditions include the relative height and relative pitch of
the turbulence promoter. In addition, the increasing ratio, which means an
increase in height of the turbulence promoter in the direction of flowing air,
the length of the turbulence promoter, and the distance between the
turbulence promoters were considered as design parameters. Consequently,
the heat transfer performance increased with a decrease in relative height of
turbulence promoter, while the pressure drop increased with an increase in
relative height of turbulence promoter. Also, both the heat transfer
performance and pressure drop show better performance as the increasing
ratio of turbulence promoter decreased. The thermos-hydraulic
performance parameter considering both the heat transfer performance and
pressure drop presented the maximum value of 1.92 for the relative height of

0.02, increasing ratio of 1.
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NOMENCLATURES

SYMBOLS

W : Duct Width [mm]

H : Duct Height [mm]

L : Duct Length [mm]

e : Height of Turbulence Promoter [mm]
P : Pitch of Turbulence Promoter [mm]
|1 : Length of Turbulence Promoter [mm]
Dy @ Hydraulic Diameter [m]

V. i Air Velocity [m/s]

[ : Turbulence Intensity [%]

Nu : Nusselt Number [—]

Pr : Prandtl Number [—]

Re : Reynolds Number [—]

n : Number of Times [—]

f : Friction Factor [—]

h : Heat Transfer Coefficient [W/m2 - K]
k : Thermal Conductivity [W/m - K]

AP : Pressure Drop [Pal

Cp : Specific Heat [J/kg - K]

T : Temperature [TC]
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GREEK SYMBOLS

a : Increase Ratio [—]

B : Decrease Ratio [—]

o : Density [kg/m®]

v : Kinetic Viscosity [m?/s]

¢ - Dynamic Viscosity [kg/m - s]

SUBSCRIPTS

a: Air

s : Smooth Duct
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Fig. 1 Side view of Air—type PV/T for turbulent promoter condition
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(b) Simulation model

Fig. 3 Schematic view and simulation model of air—type PV/T
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Table 1 Properties of air

Parameter Value
Temperature [K] 300
Prandtl number [—] 0.71432
Specific heat [J/kg - K] 1006.3
Thermal conductivity [W/m - K] 2.6107 e—02
Density [kg/m’] 1.1771
Dynamic viscosity [kg/m - s] 1.8531 e—05
Kinematic viscosity [m?/s] 1.57429 e—05

2.2 NEHld BAZEA

Fusted'Y 93 A fez

o

2 divexe A &

s

800W/m%E PV 2% xde] AL3+9th Hydraulic diameter (Dn) &= 2
el

(D& AH&3al 0.18189 #k= Atk &714 PV/T AlEdold Rd=

Aeg - =7 HEoe dixdes T3, 27 5 dE2 dVIe

101.325Pa® 435t 7 5 &7 F52 22l 93 fojAH
Re=3000, 8000, 13000, 18000°] we} 7}7+ 5.8814, 5.2028, 4.8964,
4.70129 & 7t 97 F dF AEE 2@ g8 dojAH
Re=3000, 8000, 13000, 18000l w&} 7+7} 0.2598, 0.6927, 1.1256,
1.55859 #< 7Hvh f% 21 T ATES wger® HdAs)
A1, 25 1A AL No Slip Condition®. 2 243}t Table 2+

13



Aol AR

tlo

Table 2 Simulation boundary conditions

LHERA S

Parameter

Value

Inlet side 1581

Duct Length [mm] Test section 1600
Outlet side 791

Duct Width [mm] 1000
Duct height [mm] 100
Heat flux [W/m®] 800

Reynolds number [~]
Inlet velocity [m/s]
Turbulence intensity [%]
Outlet side pressure [Pal

Hydraulic diameter [m]

3000, 8000, 13000, 18000
0.2598, 0.6927, 1.1256, 1.5585
5.8814, 5.2028, 4.8964, 4.7012

101325

0.181818

2WH
Dh =
W+H
URe
V=—
pPDp

[ =0.16Re™ %125

14

(1)

(2)

(3)



2.3 A A A

o) &2l AujA)y, wak, AAAE HAEA dE $E pd Fae o)

Transport equation for the Realizable k— e model(7)?? 0] A}-g%t}.

Continuity equation

d(puj)
dx;

(4)

Momentum equation

d(pujuj) A £ [,Ll (% h %) + U, (% ik %)] - o7 (5)

0x; 0x; 0x; 0x; ax; 0x; 0x;

Energy equation

a(pu]T)

ox [( T+ t)_: (6)

Transport equation for the Realizable k— & model

a(pk)_l_a(pkuj) :i[(

ot 9%; o, ) ] + Gk + Gb PE — YM + Sk (7)

Ok
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Nug, = 0.023Re%8pro4 (8)
Nu = 212 9
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16mm 96mm 19.2mm

(," 80mm |8mm 9.6mm

1=57.33mm

(b) Schematic view

Fig. 5 Side and schematic view of turbulence promoters(e/H=8,

P/e=10, a=1.2)

Table 3 Turbulence promoter shape conditions

Parameter Value
e/H [—] 0.02, 0.04, 0.08
Ple [—] 10, 15, 20
a [—] 1,1.1,1.2
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Fig. 6 Mesh generation of PV/T simulation model with turbulence

promoters

Table 4 Changes in the number of cells and Nusselt number using

Adaptation Growth

Number of cells

Nusselt number

No Adaptation

Temperature
Pressure
Velocity Magnitude
Wall Shear Stress

Turbulence Intensity

400,127

558,376

572,554

612,497
1,146,248
1,376,357

58.15

60.83
61.38
61.95
62.07
61.99
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Fig. 8 Temperature contour of turbulence promoters with Re=8000,

P/e=15, a=1.1
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