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ABSTRACT
In this paper, the advantages and precautions of using heat
pipes to recycling flue gas waste heat in a power plant are
discussed. A mathematical description of the model is
established and its temperature and flow fields are simulated
numerically. On this basis, effects of changing parameters and
working conditions on the simulation results are studied.
INTRODUCTION
Energy issues are the most concerned topic in the world
today. With the increasing tension of energy, scientists devoted
to research of new energy development and power-saving
emission reduction in existing equipment.
Power plant is energy hog. How to make more efficient use
of energy in power plants, development and utilization of waste
heat is undoubtedly a effective way [1]. On the premise of
equipment safety and feasibility and in the field of researching
flue gas residual heat recovery, using heat-pipe technology to
recycle the heat is more and more popular in various power
plants [2].
In theory this method is no doubt effective. In heat pipe
heat exchanger, the heat transfer between cooling fluid and
heating fluid, couples with working medium of evaporation and

condensation processes of phase change in heat pipes, thereby
the overall performance of heat pipe heat exchanger depends
on the performance of heat pipe symbol itself and the fluid
flow and heat transfer characteristics of shell and tube. These
two aspects of integrated effect decide heat pipe heat exchanger
of numerical simulation research has quite large of difficulty.
The heat transfer performance of heat pipe heat exchanger
research has been general concerned in heat pipe territories
scholars. Using traditional heat exchanger design theory, that is
logarithmic average temperature difference method and
effective heat transfer unit method on heat pipe heat exchanger
for heat transfer calculation, has been reported largely [2~4],
but using numerical analysis method to research heat transfer
performance in heat pipe heat exchanger is uncommon
reported. In reality, often because designers didn’t research the
temperature field and velocity field distribution clearly in heat
pipe heat exchanger, just to satisfy a basic heat transfer area. In
such condition, the designed heat pipe exchangers in actual
operation have a variety of issues, such as hydrochloric acid
[2], the tube vibration violent effects, and thermal deviation [6],
etc.
This paper is based on the project of using heat pipe
technology to recycle the Flue Gas Residual Heat in a power
plant for background, using numerical simulation using
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software-FLUENT under different conditions to get the
temperature field and velocity field distribution of heat pipes
heat exchanger. These provide a reference for research and
engineering application.
Considering the feasibility of the project, the study is based
on the solution of the steady 2D compressible Navier-Stokes
equations by using finite volume method. The control equation
is solved with SIMPLE algorithm. The grids are structured
non-uniform staggered under Cartesian coordinate system; the
turbulence model chooses the RNG k-ε model. The discrete
phase model is random orbital model. The radiation model is P1 model.

transfer performance is better than of bundles in line. This
project uses a staggered arrangement design. The flue gas side
model is shown in Fig. 4.

PHYSICAL MODEL
The working principle of heat pipe as shown in figure1,
the heat pipe is generally compose by shell , capillary porous
materials and working medium. The working media after being
purified will be filled into tube with capillary wick material and
being pumped into the high vacuum, then being sealed from the
front end. One end of the heat pipe is evaporator section and
the other is condenser section. When the evaporator section is
heated, the working media of the capillary wick material absorb
heat and be vaporized into steam, and the steam will flow to
condenser section, be cooled in condenser section, release
latent heat of vaporization of steam and be condensed into
liquid. The liquid goes back to the evaporator section along the
porous material under the action of capillary force, and then is
reheated to evaporator into steam again. And this process is
circulated like this again and again. The heat will be
transmitted continuously from evaporator section of heat pipe
to condenser section, as shown in Figs. 2 and 3.
THERMAL SYSTEM
The thermal power plant is composed of 15MW steam
turbine-generator set and three 75t/h circulating fluidized bed
boilers. The coal flue gas temperature is 140°C, about 80000
Nm3/h flow, coming out from the tail of economizer. After
calculated , metal acid dew point is approximately 115℃。

Calculation formula： tld= tsl +

β × ( k × sn )

1

3

Fig. 2 Heat transfer model of heat pipe heat exchanger

1.05a× A
condensation temperature Corresponding to the steam partial
pressure: tls=60.68°C
β=121；k=0.85；a=0.95
Receive base conversion of sulfur content: sn=(1000 ×
0.7)/5000=0.14;
Conversion of ash：An=(1000×19.82)/5000=3.964
Flue gas acid dew point calculated at 110°C [11]
So it can consider installing heat pipe heat exchanger to
extracts energy, then 140℃flue gas reduced to 120°C. On the
other end of heat pipes water from 50℃ can be heated to 90°C
as boiler feed water. As shown in the Figs. 2 and 3 for heat pipe
heat exchanger model. Because staggered tube bundle heat
n

S2

S1

Fig. 3 Side model of heat pipe heat exchanger
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Table 1 Structural parameter
Item

Unit

Date

Tube diameter
S1
S2
Evaporation segment length
Condensed segment length
Number of rows×columns

mm
mm
mm
mm
mm
---

Ф32
77
67
3400
1400
24

Fig. 4 Staggered tube bundles Model
Table 2 Design parameters
The Process of thermal system flow diagram of reclaiming
residual heat of the flue gas with heat pipe is showed as fig.5.
The residual heat of flue gas is far from being recycled and
utilized adequately. Using this low grade waste heat heating
boiler feed water, pulled out of the system as a whole, it has
reduced high grade steam from steam turbine to low- pressureheater and high-pressure-heater for heating the boiler feed
water. In other words, such improvement reduces the heat load
of steam boiler, achieves the goal of saving energy and
increases the enterprise economic benefits.
The structural parameter is shown in Table 1. The contrast
of thermodynamic parameters among heat pipe evaporator and
condenses is shown in Table 2.

side
Flue
gas
side

Water
side

item

unit

date

Import temperature
export temperature

K
K

Quantity of flow

Nm3/h

Resistance
Import temperature
export temperature
Quantity of flow

Pa
K
K
Nm3/h
kw

413
393
8000
0
487
323
363
16.6
774

heat recovery

Deaerator
Water temperature

90℃

Flue gas temperature

Flue gas temperature
Heat pipe heat
exchanger

economizer
140℃
Water temperature

fan

chimney

120℃

50℃
Heat pump

Chemical
treatment Water

Room temperature water

Fig. 5 Process flow diagram of the system of reclaiming residual heat of the flue gas with heat pipes
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MATHEMATICAL MODEL AND DESCRIPTION
Problem Description
In this system, heat pipe heat transfer of flue gas model
abstractions and water-side model abstractions as fluid crossflow control model from the other side. Because the viscosity
of water is larger than flue gas, and the designed velocity of the
water is very small, while the other side heat exchange tubes
Channel is smooth, in order to reduce losses, the other side is
used as import, which greatly reduces the frictional and local
resistance. The physical model of flue gas side is shown as
fig.6 and model of water side is shown as fig.7.
Assume that the flow is periodically fully developed into the
people, as two-dimensional, laminar flow, often sexual. Fluid
and solid wall be as slip-free assumption. Flow channel
geometry shows periodic variation on the main direction. When
entrance is long enough, this periodic geometry of flow in a
channel will get into the so-called periodically fully developed
[9].

Flue gas
import

Flue gas
export

Governing Equations
Considering the feasibility of the project, the study is based on
the solution of the steady 2D compressible Navier-Stokes
equations by using finite volume method. The gas phase model
is the RNGk-ε model. The discrete phase mode is random
orbital model. The radiation model is P-1 radiation model,
which is based on heat flux method. The control equation is
solved with SIMPLE algorithm. The grids are structured nonuniform staggered under Cartesian coordinate system; the
turbulence model chooses the RNG k-ε model. The discrete
phase model is random orbital model. The radiation model is P1 model. Those can be shown general equation, which are
expressed as:
∂
∂
∂
( ρ uφ ) +
( ρ uφ ) + ( ρ uφ ) =
∂x
∂y
∂z
∂
∂φ
∂
∂φ
∂
∂φ
(1)
( Γφ
)+
( Γφ
) + ( Γφ
) + Sφ + S Pφ
∂x
∂x ∂y
∂y ∂z
∂z
The equation of motion for the discrete phase mode can
be described by:
∂u p
gx ( ρ p − ρ )
= FD (u − u p ) +
+ Fx
(2)
∂t
ρp
The radiated transfer equation is written as:
dI λ
k 4π
=
−(ka , λ + ks , λ ) I λ + ka , λ I b, λ =∫ P (θ )I λ dΩ
ds
4π 0

(3)

Boundary conditions
Import:

Fig. 6 physical model of flue gas side
Water import

given heat pipe heat exchanger heat fluid inlet
temperature, velocity .
Flue gas side:
Temperature: 413K, 403K
Velocity: 4m/s, 6m/s, 8m/s. （ Description: These levels of
velocity Converted into the narrow section velocity
respectively are：6.5 m/s ，10 m/s，13 m/s. They are up to
the standard of heat exchanger design recommended velocity
range [5,7,8]）
Heat flute from heat pipes to flue gas:-3981w/m2
Water side:
Temperature: 323K
Velocity: 0.2m/s, 0.6m/s, 0.8m/s.
Constant temperature of heat pipes external wall: 373K
Export: export speed, pressure and temperature are determined
by mass conservation. Shell walls: the use of impermeable,
non-slip and adiabatic condition
Description: in the heat pipe exist complex phase change
problems, so tube wall boundary conditions differ at the flue
gas side and water-side

Export

Fig. 7 physical model of water side
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RESULTS AND DISCUSSION
Results and discussion of flue gas side

Physical model of flue gas side numerical simulation of
temperature field, flow field and pressure can be abstracted as
shown in Figs. 8-16

Fig. 10 Pressure field of 413K, 4m/s

Fig. 8 Temperature field of 413K，4m/s

Fig. 11 Temperature field of

413K，6m/s

Fig. 9 Velocity field of 413K, 4m/s

Fig. 12 Velocity field of 413K, 6m/s
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Fig. 16 Pressure field of 413K，8m/s

Fig. 13 Pressure field of 413K, 6m/s

Fig. 14 Temperature field of 413K，8m/s

The import flue gas temperature is 413K, respectively to
the velocity for 4m/s, 6m/s, 8m/s. numerical simulation of
temperature field, velocity field and pressure field. From the
distribution of temperature field can reach the following
conclusions:1. These three conditions of the average
temperature is 393k, the same as design values. 2, the strongest
heat transfer at velocity of 8M/s. Export average flue gas
temperature is 375k. This proves that Re is proportional to Nu.
Nu=0.358Cs.CzRe0.6Pr0.33.
But at this point is below the metal heat exchanger wall acid
dew point. This temperature is not so desirable. 6m/s outlet
and 4m/s outlet flue gas temperature almost unanimous, but we
can see fourth heat exchanger pipe flue gas temperature
becomes 405k at the speed of 6 m/s, and 12th pipe flue gas
temperature becomes 405K at the speed of 6 m/s.so, 6 m/s for
optimal velocity.
From Pressure field can gets these information: the
pressure drop of 4 m/s is 140Pa; pressure drop of 6m/s is about
290Pa; pressure drop at 8 m/s velocity has been reached about
525Pa, at this case, spends big expense. It is clear that wind
speeds greater pressure loss bigger. Judging from the velocity
field distribution, Velocity distribution is steady and smooth.
Tube speed hysteresis occurs in the last row. Comprehensive
energy-saving point comparison, Velocity of 6m/s is the most
optimum speed.
Results and discussion of water side

Fig. 15 Velocity field of 413K，8m/s

Physical model of flue gas side numerical simulation of
temperature field, flow field and pressure can be abstracted as
shown in Figs. 17-28.
The import water temperature is 323K, respectively to the
velocity for 0.2m/s, 0.4m/s, 0.6m/s, 0.8m/s numerical
simulation of temperature field, velocity field and pressure
field. From the distribution of temperature field can achieve
these following information:1.the export temperature are 368K
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at 0.2 m/s, 364K at 0.4 m/s, 362K at 0.6 m/s, 358K at 0.8 m/s.
Heat transfer of 0.2 m/s maximum, but the possibility of liquid
water phase change occurs. For this reason, design export water
temperature values in 363k. In this way, 0.4 m/s velocity is the
best value.
From the velocity field can be seen, 0.2 m/s and 0.4 m/s
velocity distribution is smoother than velocity of 0.6 m/s and
0.8 m/s. From Pressure field can gets these information:
Compared to the overall pressure loss than the flue gas are not
significant. It is clear that velocity greater then pressure loss
bigger. Pressure drop at 8 m/s velocity reached about 28pa,
spends expense. Judging from the velocity field distribution,
Velocity distribution is steady and smooth. Tube speed
hysteresis occurs in the last row. Comprehensive energy-saving
point comparison, velocity of 0.4m/s is the most optimum
speed.

Fig. 19 Pressure field of 0.2m/s

Fig. 17 Temperature field of 0.2m/s

Fig. 20 Temperature field of 0.4m/s

Fig. 18 Velocity field of 0.2m/s
Fig. 21 Velocity field of 0.4m/s
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Fig. 25 Pressure field of 0.6m/s
Fig. 22 Pressure field of 0.4m/s

Fig. 26 Temperature field of 0.8m/s

Fig. 23 Temperature field of 0.6m/s

Fig. 24 Velocity field of 0.6m/s

Fig. 27 Velocity field of 0.8m/s
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