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Abstract In this study, the heat transfer and pressure drop characteristics were evaluated for multi-tube CO, water
heaters with lengths of 4.5 m and 7.5 m. The evaluation was done using the -NTU method, and the results were
compared with experimental data. Water flows through the shell side of the water heater, while CO, flows through
8 inner tubes. The heater uses a counter-current design to maximize the heat transfer efficiency. The energy balance
equation describing the flows of CO, and water for each node is set up using the section-by-section method. The
calculated heat transfer rates agree well with the experimental data within +5 % error. The outlet water temperature
decreased linearly with the increase of the water flow rate. The calculated heat transfer rates agreed well with the
experimental data within £3 % error. The results show that the heat transfer rate increases almost linearly with the
increase of water flow rate or CO; inlet temperature in both the 4.5-m and 7.5-m water heaters, whereas the water
outlet temperature linearly decreases with the increase of the water flow rate. The comparison of the CO, pressure
drop between the calculation and experiment results shows good agreement at the high CO, flow rate within 5 %
error, but the value is about 20 % higher in the experimental pressure drop at the low CO, flow rate.

Keywords : CO, water heater, e-NTU, Heat transfer, Pressure drop, Heat capacity
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Water

Fig. 1. Shape of the heat exchanger for water heating.

Table 1. Specifications of CO, water heater

Tube Item Unit Value

dii mm 3.10

dio mm 4.00

Inner tube EA : p
Length m 4.5 7.5

doi mm 17.05

Outer tube doo mm 19.05
Length m 4.5 7.5

n+l1 n

[ The n-th control section for H20
[ The n-th control section for CO2

Fig. 2. Control volume of section-by-section method.
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Input data geometry of
water heater
me, My, Tc.in, Tw.in

<
4

Assume water inlet
temp. at lst section

A

Calculate heat transfer
coefficients at the
n-th section,
hre, hew, U

v

Calculate heat transfer
rate with, e-NTU
method at the n-th
section

v

Calculate water inlet
temperature at the
n-th section

el Adjust water

inlet temp. at the
Ist section by
Secant method

4

Comparison calculated
water inlet
temperature at the last
section and water
inlet temperature
given as Input datum

[Tw,in'Tw,in,cal < 10‘5]

Heat transfer
rate

Fig. 3. Flow chart for simulating the water heater with
section-by-section method
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Table 2. Test conditions

. Standard Test
Item Unit .
condition range
Pressure kPa 103 103
Water Inlet temp. T 17 17
Flow rate g/s 75 50 ~ 75
Pressure MPa 10 10
CO, Flow rate g/s 70 40 ~ 80
Inlet temp. T 100 70 ~ 120
Hot water capacity kW 14 10 ~ 20
o -
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