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Performance Analysis of Thermosyphon Air Preheater

With Variable Heat Transfer Coefficient
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Abstract

This research work presents an approach to
calculate performance of the thermosyphon air
preheater. Normally, the heat transfer rate of the
thermosyphon in the air preheater is assumed constant.
In this work, the heat transfer rate depends on the
working conditions of the air in the thermosyphon heat
exchanger. The simulated results had been compared
with those of the conventional approach. It is found that
both approaches had the same result for counter
current flow with equal mass flow rates of hot and cold
streams. For unbalance counter current flow and
parallel flow, the conventional are showed oversized

value.
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A = Area (mz)
Cp = Heat capacity (J/kgK)

H

Diameter of pipe (m)

= Fin height (m)

= Gap beiween fins (M)

= QGravitational acceleration (9.81 m/sz)
= Constant (tkgm/Ns’)

= heat transfer coefficient (W/m°K)

= Thermal conductivity (W/mK)

Length (m)

= mass flow rate (kg/s)

= Nusselt number

= Prandtl number

(Q(Qm—ﬁ"ﬂ
DT Z|3 T F T O
fl

= Heat transfer rate (W)



T =
ATlmtd =

Renold number

Pitch of tubes on the diagonal plane (m)
Pitch of tubes in direction of flow (m)

Pitch of tubes in plane perpendicular to flow

(m)

Temperature (°C)

Log mean temperature difference (°C)

Greek Letters

U

p
A =
c

nMaHwIn

Viscosity (kg/ms)

Density (kglma)

Latent heat of vaporization (J/kg)

Surface Tension (N/m)
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input
mh,me,Thi, Tci, pipe

size & arrangement, /

number of pipe

.y

\ assume Tho

calculate Q and Tco from !

Q = mhCph(Thi-Tho)  |—

Q = mcCpe(Tco-Tci) ‘

subscript
a = air
c = cold air
cd = condenser
ev = evaporator
h = hotair
i = inlet, inside
I = liquid phase
m = metal
o = outlet, outside
s = surface
t = total
v = vapor phase
w = water
+ no
set
caiculate (UA)t from Ff_ Q=Q /
Q = (UALMTD \ Tho=Tho' |
\ Tco=Tco' __X
4 r
calculate Tho, Tco from F‘Tj‘ 0.01 }
Q = mhCph(Thi-Tho) S
Q = meCpc(Tco-Tci) i
YT—S
e

Q' = (UARLMTD
Q' = mhCph(Thi-Tho')
Q' = meCpc(Tco'-Tei) |

calculate Q', Tho', Tco' from 1

4
lerror = abs(Q-Q")

+abs(Tho-Tho') ]

+abs(Tco-Tco')
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input

mh,me, Thi, Tc8
pipe: size &
arrangement
number of pipe

in each row

A

assume initial value of

Tet, Te2.Tc3, Ted, TeS, TeB, Te7
Th2, Th3, Thd, ThS, The, Th7, The
@1, G2, 0GB, G5,06,Q7

calcuiate
LAY, UAZ, UAZ, UAG, UAS UAS, UAT

T

calculate
[ilefecHe e SRe SRers
from

Q= mCp(delT)

caiculate

Tt Te2', Te3', Tod', Tes', TeB', Te7!
ThZ, Th3, Tha ,ThS , The , Th7, Trey
from

& = (UA)LMTD

error = sumn{abs(CrQ )+

error

sum(acs(Th-Th'))+
sum{abs{Tc-Tc'))
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Th4a ThS ™6 Th7
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nput

b, me, Tt Tet
pipe size &
arrangement
number of pipe
in each row

calodate Q1 from
Q1 = UA(Th1-Te1)

N

calculate Th2, T2 from
Q = mCp(delT)

L

!

calcuiate Q1°
o

from

error < 0.01

A

= (UALMTD

calculate Tc2', TH2' from
Q = mCp(delT)

y

orror = abs(Q1-Q1’)+

abs(Th2-Th2 )+
abs(Tc2-Te2')

caloulate
Q2-Q7,Th3-Th8,T¢c3-Te8

by the same method
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