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Compact Heat Exchanger Design for Biogas Application

TAECK HONG LEE'", TAE WAN KIM', TAE SUNG PARK', YOUNG JIN KANG?, JAE HYUN NOH
?Hoseo Univ. Chungcheongnam-do Asan-si, Baebang-up Hoseo-ro, 79-gil, 20

Abstract >> Our lab designs a heat exchangers for air and carbondioxide gas. Coolant is water, thus it is very
difficult to determine heat transfer parameters in this gas-liquid system. Repeated experiments gives overdesign
value 35%, overall heat transfer coefficient 33.8 (kcal/m2-hr-°C) for carbondioxide. Another series of experiments
determine overdesign 18.7%, overall heat transfer coefficient 21.4 (kcal/m2-hr-°C) for Air. These parameters are
in same range of literature. Overdesign is increasing as tube length increases, also increases as wall thickness
of heat exchanger increases. To get proper fluid linear velocity in heat exchanger, we change the diameter of
tube and finally we can have optimum fluid linear velocity in the heat exchanger.

Key words : Heat exchanger(€ 1 2L7]), Shell & Tube(d5ths), Overall heat transfer coefficient(ZZ A XL,
Area(Z1 @ HA), Design(“dA))

Nomenclature Subscripts
A area, m ID : inner diameter
p : density, kg/m’ CO; : cabon dioxide
cp, : specific heat, kcal’kg °C HO : water
W : viscosity, kg/m hr hs : heat transfer coefficient for shell
Vv velocity, m/s h; : heat transfer coefficient for tube
L : length, m Tim : logarithmic mean temperature difference
Q : heat exchanged, kcal/hr T, : temperature of hot flow inlet
k : thermal conductivity, kcal/m hr °C T, : temperature of hot flow outlet
U : overall heat transfer coefficient, keal/m” hr °C ti  : temperature of cold flow inlet
T : temperature, °C t,  : temperature of cold flow outlet

Re : reynold number

T i Pt : prantl number
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Table 2 Market volume for each energy sources

Maker fuel OF\t)S;lt efﬁ((:,;:)ncy ox(z;r];dl ELEC Hi%TI AUT\?}I;/IOTI (1(}“ng?&]}1 )

panasonic N.G 1000 36~38 86~93 SOLID 11.7 76.2 - 87.9
tosibar LPG 700 36~38 86~93 LIQ 2.6 45 44.4 51.5
ENEIS LPG 750 36~38 86~93 BIOGAS | 9.5 3.5 - 13.0
ebara PETRO 900 36~38 86~93 TOTAL | 238 84.2 44.4 152.4
toyota N.G 1000 36~38 86~93 SOURCE : BMC
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Table 3 Biogas production volume for sweden

5(1)(31%22 nuunr‘i;)ter (T\?\;l}tj;gar) ratio(%)
sewage 139 0.56 43.0
reclamation 70 0.46 354
Ind. wastewater 4 0.09 6.92
livestock 13 0.16 12.3
rural plant 7 0.01 2.38
Total 233 1.30 100
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Fig. 1 BEM Type simple design for Shell & Tube heat
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Table 4 CO. flow condition

CO,
Tem. in (COy) 90.13°C
Tem. out (CO,) 57.35°C
Tem. in (H,O) 32.68°C
Tem. out (H,O) 33.15°C
Flow rate 2.2kg/hr
Table 5 Air flow condition
Air
Tem. in (Air) 86.68°C
Tem. out (Air) 49.6°C
Tem. in (H,O) 32.86°C
Tem. out (H,O) 33.2°C
Flow rate 0.658kg/hr
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Fig. 3 drawing for heat exchanger for this experiment

Table 6 Specification of heat exchanger

Item specifications
Shell lenght 350mm
Shell inlet dia. 210mm
Shell side material SuUS-316

Shell side nozzle dia. 3/8¢

Tube length 350mm
Tube inside dia. 11.25mm
Tube outside dia. 12.7mm

Tube material Copper

Tube pitch 40mm
Tube arrangement 30°

Tube side nozzle dia. 6.5mm

Tube number 2ea

Number of baffle 2ea
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Table 7 Determined values for CO, by HTRI
CO,

Overdesign (%) 35.64
Actual U (kcal/mz-hr-°C) 33.82

Duty (MM keal/hr) 1.118e-5
Area (md) 0.012

Shell h (kcal/mz—hr—"C) 296.72
Tube h (kcal/m’-hr-°C) 48.25
Flow Fractions B 0.707

Flow Fractions C 0.293
Tube side (m/s) 1.57

Table 8 Determined values for Air by HTRI
Air

Overdesign (%) 18.69
Actual U (kcal/m*-hr-°C) 21.36
Duty (MM kcal/hr) 7.01e-6
Area (m’) 0.012

Shell h (kcal/m*hr-°C) 32445
Tube h (kcal/m*hr-°C) 28.45
Flow Fractions B 0.703

Flow Fractions C 0.297
Tube side (m/s) 1.21
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