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Heat Exchanger Design For The Individually Allocated Fuel Cell For
1kw Power generation
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Abstract >> Our lab designs a heat exchangers for hydrogen gas. Coolant is water, thus it is very difficult to
determine heat transfer parameters in this gas-liquid system. Repeated experiments gives overdesign value 6.06%,
overall heat transfer coefficient 36.32 (kcal/m*hr-°C) for Hydrogen. Theoretically determined overall heat transfer
coefficient is 38.44 (kcal/m’-hr-°C). Our lab simulated this system and overdesign 30.4% shows good match with
this experiment by HTRI. These parameters are in same range with literature.

Key words : Heat Exchanger(& 1.2}7]), Shell & Tube(¥Eth4), Overall heat transfer coefficient(ZZE A Y
Al$), Area(H EHZA]), Design(A2 7)), Fuel Cell(¢1&7A]), Hydrogen Production(4=4~ A§AH)

Nomenclature Subscripts
A : Area, m’ ID . inner diameter
p : Density, kg/m’ Hy : Hydrogen
C, : Specific heat, kcal’kg °C HO : Water
W : Viscosity, kg/m hr hs : Heat transfer coefficient for shell
Voo Velocity, m/s he . Heat transfer coefficient for tube
L : Length, mm Tim : Logarithmic mean temperature difference
Q : Heat, kcal/hr T : Temperature of hot flow inlet
k  : Thermal conductivity, kcal/m hr °C T, : Temperature of cold flow outlet
U : Overall heat transfer coefficient, kcal/m® hr °C ti : Temperature of hot flow inlet
T : Temperature, °C t : Temperature of cold flow outlet
Re : Reynold number
Pt : Prantl number
LMTD : Log mean temperature difference
TCorresponding author : taecklee@hoseo.edu EMTD : Effective Overall Temperature Difference
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Heat Transfer in Laminar Flow :

— K 0.0668 « Re « Pr « (d,/L)
h=—-[3.65+ 273
q, 1+0.004[Re « Pr « (d;/L)]*"
i 4
e [ }(1.14 6
lu’w,i ( )

Heat Transfer in Turbulent Flow :

. Re?'g . Prl/{%( :i’ yo-14 7

h= 00232
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Reynolds Number :
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Re = T (8)

Prantl Number :
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Table 1 H: flow condition

H

Tem. in (Hy) 65°C

Tem. out (Hy) 35°C

Inlet pressure bar (abs) 2bar

Tem. in (H0) 33°C

Tem. out (H,0) 34°C

Inlet pressure bar (abs) 1.06bar
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Table 2 Overall heat transfer coefficients for typical Heat
exchangers'?

Overall heat transfer coefficient
Hot-Cold U (Keal/m*h°C)
Fluid
Natural convection|Forced convection
Water-Water 120-290 730-1460
0il-0il 24-49 98-240
Water-Air 5-15 10-50
Gas-Liquid 5-15 10-50
Gas-Gas 3-10 10-29
Gas-Steam Generation 5-15 10-50
Steam-Water 240-980 730-3900
Steam-Oil 50-146 100-290
Organic Solvent Vapors 200-390 290-730
-Water
Steam-Gas 5-10 10-50
Steam—St.eam 200-400
Generation
Steam-Oil Vaporization 240-730
Steam-Orga.mc. Solvent 240-2000
Vaporization

Table 3 Specifications of Heat Exchanger in This Study

Item Specification
Shell length 350mm
Shell inlet dia 210mm
Shell side material SUS-316
Shell side nozzle in diameter 7.02mm
Shell side nozzle out diameter 9.12mm
Tube length 350mm
Tube outside diameter 12.7mm
Tube wall thickness 0.559mm
Tube material copper
Tube pitch 40mm
Tube arrangement 30°
Tube side nozzle in diameter 3.98mm
Tube side nozzle out diameter 6.5mm
Tube pass 1
Tube number 2ea
Baftle type single segmental
Number of baffle 2ea
Baffle cut (%) 20%
Baffle spacing 70mm
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Table 4 Experiment H, flow condition

H,

Tem. in (Hy) 61°C
Tem. out (H,) 36.93°C
Inlet pressure bar (abs) 2bar
Tem. in (H0) 33.26°C
Tem. out (H0) 33.96°C
Inlet pressure bar (abs) 1.06bar

Table 5 Determined values for Hydrogen Heat Exchanger
by HTRI

H

Overdesign (%) 6.06

Actual U (Kcal/m’-hr-°C) 36.32

Duty (MM Kcal/hr) 1.432e-5

Area (m’) 0.025

Shell h (Kcal/m®hr-°C) 93.29

Tube h (Kcal/m™hr-°C) 69.35

Tube side (m/s) 0.75

Flow Fractions B 0.791

Flow fractions C 0.281

EMTD 16.8°C
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Table 6 Determined values for Hydrogen Heat Exchanger
by HTRI

H,

Overdesign (%) 30.44
Actual U (Kcal/m’-hr-°C) 38.44
Duty (MM Kcal/hr) 1.432e-5
Area (m?) 0.029
Shell h (Kcal/m’-hr-°C) 113.51
Tube h (Kcal/m’-hr-°C) 67.56
Tube side (m/s) 0.76
Flow Fractions B 0.997
Flow fractions C 0.003
EMTD 16.8°C
Baffle Cut (%) 20%
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