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1 Zo+zn(d,,/d,,)+ 1 .z,
UA 2mkL b A,

3

3)

k. is the tube-side heat transfer coefficient, 4, is the inner surface area of the heat
exchanger, d, and o, are the inner and the outer tube diameters, respectively, L is the
total tube length, & is the thermal conductivity of tube material, Z is the air-side
thermal resistance, Z, is defined as the thermal resistance due to fouling of fly ash on

the external surface of heat exchanger.

The inner heat transfer coefficient can be calculated from Gnielinski correlation

7] as
h:(ﬁj (Reyy=1000)Pr(/, /2) @)
d ) 1+127f 72(Pr?-1)
£, =[1.58n(Re,;)-3.28] 2, ©)

where Re,, is the tube-side Reynolds number.

The air-side thermal resistance,Z,, can be evaluated from eqns (2) and (3) when

the heat exchanger is clean (no dust condition).

Results and Discussion

Fig. 2 shows the heat transfer deterioration with time of the heat exchang;ar due
to fouling from fly ash. In this case, the inlet temperature of the air-dust mixture is at 40
°C. It is found that the ratio of the heat transfer of the heat exchanger with fouling and
that with clean condition(at ¢ = Q) decreases with time lapse. It could also be seen that

the heat transfer deterioration depends on the ratio of air and dust,x( x =m, /m_ ), in

the mixture. When x is increased, higher fouling is obtained which results in lower heat



-55-

transfer rate. However, from Fig. 2, it is found that at the first stage of fouling (¢ < 50
min, approXimately) the heat transfer rate trends to be higher than that of the clean
condition especially at low x value. As the deposit layer builds up, the flow area of air
is decreased which results in higher air velocity. Moreover, the fouling layer is likely to
be rougher than the clean surface. Therefore, the air-side heat transfer coefficient should
be increased. But when the thickness of the fouling layer is developed more, the effect
of low thermal conductivity of the fouling dominates the previous enhancement result.
Therefore, the heat transfer performance of the heat exchanger is then decreased. This
phenomenon was firstly reported by Gudmundsson and Bott [8] who studied the
deposition of silica on a geothermal heat exchanger.

Fig. 3 also shows the same result as Fig. 2. The inlet air temperature is kept
constant at 60 °C. Since the surface temperature of the heat exchanger is lower than the
dew point temperature, consequently, the condensation of moisture in the air on the heat

transfer surface occurs. For T, = 40 °C, lower heat rate is needed for extracting heat

from the air to get condensation thus the surface of the heat exchanger is wetter than

that of 7, = 60 °C. The condensate can promote the adhesion of particles on the heat

transfer surface and higher heat transfer deterioration is obtained. It could be seen that,

in case of T,, = 40 °C, the deterioration of heat transfer trends to be higher than that of
T, =60 °C, especially at high fly ash content. Consequently, the heat exchanger having

T,. =40 °C has lower heat transfer rate than that of 7, = 60 °C.
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Fig. 2 The deterioration of heat transfer at various time in case of T,, =40°C.
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Fig. 3 The deterioration of heat transfer at various time in case of T, =60 °C.



-57 -

Direction of air-flow

a. Clean surface heat exchanger

b. x=0.016,¢=4 hr, 7,,=40°C c. x=0.016, £ = 8 hr, T,,= 40 °C

d. x=0.036,¢=8 hr, T,,=40°C e. x=0.036,t=38 hr, ;=60 °C

Fig. 4 Fouling from fly ash on heat exchanger surface at various conditions.
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Fig. 4 shows the forming of fly ash on the heat transfer surface at various
conditions and compared with that of the clean surface. Figs. 4b and ¢ show the cases of
x =0016,¢t=4 hr, T; = 40 °C and x = 0.016, t = 8 hr, T; = 40 °C, respectively.
Compare Fig. 4c with Fig. 4d (x = 0.036, ¢ =8 hr, T,; = 40 °C), it is found that the
forming of fly ash increases with the dust content in the air stream. Figs. 4d and e (x =
0.036,t=8 hr, T,; = 60 °C) show the effect of the inlet air temperature on the fouling
deposit. The data of the fouling forming also confirm the heat transfer phenomena of
Figs. 2-3.

Following the direction of air flow (from left to right), all pictures in Fig. 4 show
the deposition of fly ash forming at the front part of the tube. The results differ from the
work of Kaiser et al [3] and Abd-Elhady et al [4] who studied the deposit of particles on
cylindrical tubes. They found that, the formation of foulant is mostly at the rear part of
the cylindrical probes. In case of this experiment, the finned tube surface is wetted.
Therefore, the attractive force between the particles and the surface is higher than that
of the dry surface. Then most of particles are attached on the front part of the finned

tube.

Figs. 5-6 show the thermal resistance of the heat exchanger in case of 7, = 40

°C and 60 °C, respectively. Similar to the results in Figs. 2-3, the thermal resistance
increases with time and the x parameter. Morecover, the effect of lower inlet
temperature of the air stream trends to promote higher thermal resistance, especially at

high dust content condition.
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Fig. 5 The thermal resistance of heat transfer at various time in case of T, =40 °C.
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Fig. 6 The thermal resistance of heat transfer at various time in case of T, =60 °C.
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In this research, the correlation for predicting the thermal resistance of the heat
exchanger under fouling and dehumidifying conditions is also developed. Although
Kem and Seaton [1] proposed a well known asymptotic model for evaluating the

thermal resistance as
z,=271-¢e%). (6)
Z,is thermal resistance due to fouling at a specified time, Z,is thermal

resistance at the asymptotic point, ¢ is time and £ is empirical constant. To get the

thermal resistance at the asymptotic point, a lot of experiments and time are needed.
Therefore, in this work, a set of correlations for predicting the thermal resistance is

developed from the experimental data as

VA
L —366.457°x5°, (7
clean
T, -T,
T — (2] ew : 8
Tm‘ _Twi ( )
x=2t, ©
ma
d = L , (10)
tioran’
a =1.3927+40.3590x-1.27776, _ (11)
b=1.2521, (12)
¢ =-0.3081+24.7480x+0.71247 . (13)
Where Z,,  1s the thermal resistance of the heat exchanger at clean condition,

T, is the dew point temperature of the inlet air, ¢ and ¢, ,, are time and total



-61 -

experimental time lapse (8 hr) respectively, #, and m, are mass flow rate of dust and
air respectively.

Fig. 7 shows the predicted thermal resistance ratio and 80 % of the experimental

data could be fitted by the correlation within 20 % error.

2.5

2.0 1

Z ﬂZciean, correlation

T T

0.0 0.5 1.0 1.5 20 25

V4 f/Z clean, experimental

Fig, 7 The comparison of thermal resistance ratio from experimental and correlation.

Conclusion
From this experiment, it can be concluded that the fouling of finned tube heat
exchanger under dehumidifying condition is depended on the air-dust content and the

inlet temperature of air stream. The forming of foulant is mostly on the front part of

finned tube
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The developed empirical model could be used to predict the thermal resistance

due to the fouling and the results agree quite well with the experimental data.
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Nomenclature

A Areca (mz)

A, Internal area of tube (m?)

A,  External area of tube (m’)

Cp, Specific heat of water (J/kgK)

d, Inner diameter of tube (m)

d,  Outer diameter of tube (m)

h, Tube-side heat transfer coefficient (W/m’K)

k Thermal conductivity of tube material (W/mK)

L Total tube length (m)

m,  Mass flow rate of air (kg/s)

m,  Mass flow rate of dust (kg/s)

m,  Mass flow rate of water (kg/s)

Q Heat transfer rate of a heat exchanger (W)

Time ¢hr)



Bulk temperature of air (°C)

Inlet temperature of air (°C)

Dew point temperature of air (°C)
Bulk temperature of water (°C)
Inle't temperature of water (°C)
QOutlet temperature of water (°C)

Overall heat transfer coefficient (W/m’K)
Ratio of air-dust mixture

Asymptotic thermal resistance due to fouling (K/W)
Thermal resistance of clean heat exchanger (K/W)
Thermal resistance due to fouling (K/W)

Air-side thermal resistance (K/W)

Dimensionless term of time

Dimensionless term of temperature
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Thermal Behavior of Spiral Fin-and-tube Heat Exchanger
Having Fly Ash Deposit
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ABSTRACT

This research investigated the effect of fly ash deposit on thermal performance
of a cross flow heat exchanger having a set of spiral finned-tubes as heat transfer
surface. A stream of warm air having high content of fly ash is exchanging heat with a
cool water stream in the tubes. In this study, the temperature of the heat exchanger
surface is lower than the dew point temperature of air, thus there is condensation of
moisture in the air stream on the heat exchanger surface. The affecting parameters such
as the fin spacing, the air mass flow rate, the fly ash mass flow rate and the inlet
temperature of warm air are varied while the volume flow rate and the inlet temperature
of the cold water stream are kept constant at 10 I/minand 5 °C, respectively.

From the experiment, it is found that the thermal resistance due to the fouling
increases with time. Moreover, the deposit of fly-ash on the heat transfer surface is
strongly depending on the fin spacing, the air-ash ratio and the amount of condensate on
the heat exchanger surface. The empirical model for evaluating the thermal resistance is
also developed in this work and the simulated results agree well with those of the
measured data.
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1. INTRODUCTION
The main equipment for recovering heat from waste heat is heat exchanger and

the cross-flow heat exchanger type is commonly used in case of recovering waste heat
from flue gas. Normally, this kind of heat exchanger faces with the particulate from flue
gas which usually deposits on the heat transfer surface. Because of the low thermal
conductivity of the fouling then the thermal performance of heat exchanger is reduced.

The fouling phenomena of the heat transfer surface have been studied by many
researchers and there are some developed correlations for predicting the thermal
resistance due to the fouling. One well-known model was developed by Kem and
Seaton [1]. This model verified the asymptotic behavior of the deposit formation on the
heat tranfer surface. Kaiser et al [2] took some experiments for studying the formation
of fouling layers on cylindrical tube under warm, humid and solid loaded air. Kim and
Kim [3] studied the particulate fouling on the circular cylinder under the conditions of
high temperature and laminar cross flow. Abd-Elhady et al [4] investigated the
influence of gas velocity in the heat exchanger to avoid the particulate fouling. Bouris
and Bergeles [5] and Bouris etal [6] used the numerical method for calculating the
efficiency of heat exchanger under fouling and evaluated the effect of tube
configuration on the particulate fouling.

In case of the heat exchanger for recovering heat from the high particulate flue
gas, the cross-flow heat exchanger using bare tube bundle is commeonly selected. But in
‘some conditions such as a space limit where the bare tube unit is not compact enough
thus the fin-and—tube type has to be used instead. The fouling could be easily formed

on the fin-and-tube but this problem is alleviated by scheduling the proper time for
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cleaning. However, very few heat transfer data about the particulate fouling on the fin-
and-tube surface have been presented.

The objective of this work is to investigate the thermal performance of fin-and-
tube surface with particulate fouling. In this work, the spiral fin-and-tube is selected
because it _is commonly used in industry. The fouling comes from lignite fly ash with air
dehumidifying condition. The result of this work can be applied for recovering heat

from flue gas of coal-fired furnace.

2. EXPERIMENTAL SET-UP

The schematic sketch of the experimental apparatus is shown in Fig.1. In this
study, a set of cross-flow heat exchangers using spiral finned tube is tested. The
dimensions and its arrangement are given in Table 1 and Fig.2.

In this experiment, the ambient air is fed by a 1.5 kW centrifugal air blower in a
wind tunnel through an electric heater for generating hot air stream. The temperature of
hot air stream 1s controlled by a temperature controller and the temperature is not over
60°C which is similar to that leaving a flue gas desulfurization unit. The hot air is
mixed with lignite fly-ash fed from a dust feeder. The diameter of fly-ash using in this
experiment is lower than 20 pm. The air-dust mixture is flowing through the tube bank
in the test section and exchanging heat with cold water circulated inside the tubes. In
this work, the volume flow rate and the inlet temperature of the cold water are kept
constant at 10 1/min and 5 °C respectively

The inlet and the outlet temperatures of the air-dust mixture and the water are
measured by a set of K-type thermocouples with an accuracy of £ 0.1 °C. The mass

flow rate of the air stream is measured by a hot wire anemometer with an accuracy of



-68 -

+ 0.01 m/s. An accurate flow meter is used for measuring the water flow rate with an
accuracy of +0.1 /min. The testing conditions are shown in Table 2. Note that, the air-
side surface temperature of the fin-and-tube is lower than the dev&; point temperture of
air stream. Therefore, condensation of water vapor in the air also occurs on the spiral

fin-and-tube surface. This condition will promote the fouing of fly-ash on the heat

transfer surface.

3. DATAREDUCTION

In this research, the effect of fly-ash deposit on the heat exchanger performance is
studied via the thermal resistance of fouling. The following is the method for finding the
thermal resistance due to fouling of lignite fly under air dehumidifying condition.

The heat transfer rate of a heat exchanger ( Q) can be calculated from the water
side as

Q=n,Cp,(T,, - T,)- (1)

Where m, is the mass flow rate of water, T,

wit

T, are the inlet and outlet
temperatures of water, and Cp , is the specific heat of water.

The heat transfer rate of the heat exchanger can also be calculated from the bulk

temperature difference of both fluids as
Q=(UA)T, - T,). @
Where U and A are overall heat transfer coefficient and area of the heat
exchanger. T, and 7, are bulk temperatures of the air-dust mixture and the water,

respectively.
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The total thermal resistance, 1/UA4, can be evaluated from Eq. (1) and (2) when all
the fluid temperatures and the water flow rate are measured. The total thermal resistance

can also be calculated by

—1—=Zo+ln(d"/d")+ ! +Z,.
UA 27kl h A,

4 H

&)

A, is the tube-side heat transfer coefficient, 4, 1s the inner surface area of the heat
exchanger, d, and d, are the inner and the outer tube diameters, respectively, L is the
total tube length, & is the thermal conductivity of tube material, Z, is the air-side
thermal resistance, Z . is defined as the thermal resistance due to fouling of fly ash on

the external surface of heat exchanger.

The inner heat transfer coefficient can be calculated from Gnielinski correlation

[7] as
" {ﬁ] (Rep,~1000) Pr(f, /2) , @
d). 1+12.17,72(Pr*"-1)
£, =[t.58n(Re,, }-3.28]2, (5)

where Re,, is the tube-side Reynolds number.

The air-side thermal resistance, Z, , can be evaluated from eqns. (2) and (3) when

the heat exchanger is clean (no dust condition).
Consquently, the thermal resistance due to fouling of fly-ash can be calculated by

using eqn. (3).

4. RESULTS AND DISCUSSION
The effects on thermal performance of the deposition of fly-ash on external

surface of spiral fin-and-tube heat exchanger at various conditions are shown in Figs. 3-
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6. In this work, the thermal effect of fouling is presented in term of a dimensionless
parameter named thermal resistance ratio. This ratio is defined as thermal resistance at
fouling condition divided by thermal resistance at clean or no fouling condition. Fig. 3
shows the results of fin spacing on the thermal resistance ratio. It is undoubting that the
deposit of fly ash on the heat exchanger external surface is increased with time.
Moreover, it is found that the thermal resistance ratio increases with the decrease of fin
spacing. At the fin spacing of 2.85 mm the thermal resistance is the highest followed by
that of 3.85 mm and at 6.10 mm fin spacing, the result shows the lowest deposit of fly-
ash.

It is also noted that when the fin spacing is big as in the case of 6.10 mm, the
dust content in the air (x) and the inlet temperature of air stream (7,,;) affect the deposit
of fly-ash only slightly. This result is quite different from those of 2.85 and 3.85 mm fin
spacings.

Actually, the deposit rate and the falling rate of fly ash at the heat transfer
surface do not only depend on the dust content in the air, but it also strongly depends on
the air flow rate and the surface shape of heat exchanger. In case of small fin spacing,
the air flow resistance around fin-and-tube is larger than that of large fin spacing.
Therefore, part of the air will bypass the tube row without effective contribution to the
heat transfer {9, 10]. This phenomenon is called the bypass effect. For 6.10 mm fin
spacing (large fin spacing), the air flow resistance around fin-and-tube is small, then the
air flow plays an important role on pushing the fly-ash out of the surface. Therfore, in
this case, the falling rate is promoted and the falling rate is nearly the same as the

deposit rate which results in nearly constant fouling resistance.
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For 2.85 mm fin spacing as shown in Fig. 4, it is found that the thermal
resistance ratio increases with x. In this case, the air flow resistance around the fin-and-
tube is higher than that of 6.10 mm. Therefore, the bypass effect generates more deposit
rate than the falling rate and higher resistance ratio is obtained. However, when x is
higher than 0.0073, the result shows a little bit change of thermal resistance ratio. This
phenomenon may be due to the bypass of some parts of fly-ash coming along with the
air flow without attaching the surface.

Fig. 5 shows the results of 3.85 mm fin spacing. Higher x value also gives
higher thermal resistance. However, when the value is over 0.0162, there is a high
fluctuation on the fouling resistance which comes from the unstable of the deposit and
the falling rates of the fly-ash at the heat transfer surface.

Fig. 6 shows the effect of inlet temperature of air-dust mixture on thermal
resistance ratio. Since the surface temperature of the heat exchanger is lower than the
dew point temperature, consequently, there is condensation of moisture in the air on the

heat transfer surface. For T, =40 °C, lower heat rate is needed for extracting heat from
the air to get condensation thus the surface of the heat exchanger is wetter than that for
T,, =60 °C. The condensate can promote the adhesion of particles on the heat transfer
surface and poor heat transfer is obtained. It could be seen that, in case of T, = 40 °C,
the deterioration of heat transfer in term of fouling resistance trends to be higher than
that of T, = 60 °C, especially at high fly-ash content. Consequently, the heat exchanger
having T, = 40 °C has lower heat transfer rate than that of T, = 60 °C.

Fig. 7 shows the examples of the forming of fly-ash on 3.85 mm fin spacing heat
exchanger compared with that of the clean surface (Fig. 7 a). Figs. 7 b and ¢ show the

cases of x =0.016,¢=4 hr, T,,=40 °C and x=0.016, t =8 hr, 7,; = 40 °C, respectively.
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The deposit of fly-ash increases with time. When x increases as shown in Fig. 7d(x =
0.036, ¢ = 8 hr, T; = 40 °C), it is found that the forming of fly ash increases with the
dust content. When the inlet air temperature is higher as given in Figs. 7 e (x = 0.036,
t=8 hr, T,; =60 °C) less amount of the fly-ash deposit is found.

It is noted that the depositions of fly-ash are forming from the front part of the
tube following the direction of air flow (from left to right in Fig. 7). The results differ
from the work of Kaiser et al [2] and Abd-Elhady et al [4] who studied the deposit of
particles on cylindrical tubes. They found that, the formation of foulant is mostly at the
rear part of the cylindrical probes. In the case of this study, the finned tube surface is
wetted. Therefore, the attractive force between the particles and the surface is higher
than that of the dry surface. Then most of the particles are attached on the front part of
the finned tube.

In this research, the correlation for predicting the thermal resistance of the heat
exchanger under fouling and dehumidifying conditions is also developed. Kern and
Seaton [ 1] proposed a well known asymptotic model for evaluating the thermal

resistance as
Z,=271-¢*). ©6)
Z . 1s thermal resistance due to fouling at a specified time, Z, is thermal

resistance at the asymptotic point, ¢ istime and £ is an empirical constant. To get the

thermal resistance at the asymptotic point, a lot of experiments and time are needed.

Therefore, in this work, Kern and Seaton correlation is modified as

Lo—(l—e) (7)
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From the experiment, the empirical constant is the function of various

parameters as follows:

b
ﬁ - 85523 % 10—14 5—1.2693'7‘,—3.76[71_0 [L] (8)
fi
T, -T,
z_ — ar o R 9 -
wi ~ L ®
ma
5=—, (i1)
total
a=-53765+5.76716 - 0.4146(%} - 0.327546[L} (12)
4 !
b=-4.1118+4.2367r +338.0300xx (13)
Where Z_,, is the thermal resistance of the heat exchanger at clean condition,

T, is the dew point temperature of the inlet air, # and ¢_, are time and total
experimental time lapse (8 hr) respectively, m, and m, are mass flow rate of dust and

air respectively. f; is fin spacing and f; is fin thickness of spiral fin-and-tube.
Fig. 8 shows the predicted thermal resistance ratio and 80 % of the experimental

data could be fitted by the correlation within 20 % error.

5. CONCLUSION

From this experiment, it can be concluded that the fouling of finned tube heat
exchanger under dehumidifying condition is depended on the fin spacing, the air-dust
content and the inlet temperature of air stream. The forming of foulant is mostly on the

front part of finned surface.
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The developed empirical model could be used to predict the thermal resistance

due to the fouling and the results agree well with the experimental data.
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NOMENCLATURE

A Area (m%)

A, Internal area of tube (m?)

A External area of tube (m?)
Specific heat of water (J/kgK)

d. Inner diameter of tube (m)

d Outer diameter of tube (m)

e

Fin spacing (m)

Ao

Fin thickness (m)

h, Tube-side heat transfer coefficient (W/m’K)

~.

k Thermal conductivity of tube material (W/mK)
L Total tube length (m)

b7 Mass flow rate of air (kg/s)
nm,  Mass flow rate of dust (kg/s)
m Mass flow rate of water (kg/s)

0 Heat transfer rate of a heat exchanger (W)
¢ Time (hr)

T Bulk temperature of air (°C)

T, Inlet temperature of air (°C)

Dew point temperature of air (°C)
T Bulk temperature of water (°C)

T . Inlet temperature of water (°C)
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Outlet temperature of water (°C)

Overall heat transfer coefficient (W/m?K)

Ratio of air-dust mixture |

Asymptotic thermal resistance due to fouling (K/W)
Thermal resistance of clean heat exchanger (K/W)
Thermal resistance due to fouling (K/W})

Air-side thermal resistance (K/W)

Parameter

Dimensionless term of time

Dimensionless term of temperature
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CAPTION OF FIGURES AND TABLES

Fig. 1. Schematic sketch of the expenimental setup.
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Fig. 7 Fouling from fly ash on heat exchanger surface at various conditions.
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Table 1 Geometrical parameters of the heat exchanger.

Item Detail
Type of heat exchanger Cross flow
Number of row 4
Number of tube in each row 8
Tube outer diameter 2.17cm
Tube length 450 cm
Tube thickness 2.6 mm
Tube arrangement Staggered
Transverse tube pitch 5.56cm
Longitudinal tube pitch 4.82 cm
Type of fin Spiral
Fin height 10.0 mm

Fin spacing

Fin thickness

2.85,3.85,6.10 mm

0.40 mm
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Table 2 Testing conditions.

Item Detail
Mass flow rate of air 0.14 - 0.26 kg/s
Mass flow rate of fly ash 0-0.006 kg/s
Volume flow rate of water 10 I/min
Inlét temperature of air-dust mixture 40, 60 °C
Inlet temperature of water 5°C

Testing interval 8 hr
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Abstract

Performance testing of a cross flow heat exchanger operating under the atmosphete of flue gas particulate from
combustion is carried out in this work. This heat exchanger exchanges heat between flue gas from the oil combustion and
cold water. The heat exchanger composes of spiral finned tube bank having 3 rows and 8 tubes per row with staggered
arrangement. The fin spacing considered are 2.85 and 6,10 mm.

In this experiment, the 200°C flue gas from combustion having 0.35 kg/s mass flow rate flows along outside
surface of the heat exchanger and transfers heat to the 25°C cooling water having 0.15 kg/s mass flow rate flowing in the
tube side. Each experiment uses 750 hr for testing. During the testing, part of flue gas condenses on the heat transfer

surface.
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From the experiment, it is found that the heat transfer rate of both heat exchangers rend to decrease with time
while the airside pressure drop increases. These results come from the fouling on the heat transfer surface. Moreover, it is
found that, the heat exchanger having 2.85 mm fin spacing has higher fouling resistance than that of 6.10 mm: fin spacing.

In this work, model for calculating the fouling resistance is also developed to be the function of time. The
model is developed from model of Kerm and Seaton and the results agree quite well with the experimental data.

Keywords : Heat exchanger, Performance testing, Fouling resistance
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Table 1 Geometrical parameters of cross flow heat exchanger

Itern Sizing
1. Type of heat exchanger Cross flow
2. Type of finned tube Spiral finned tube
3. Number of tube row (n, ) 3
4. Number of tube in row (n! ) 8
5. Tube arrangement Staggered
6. Tube length (/) 45cm,
7. Outside diameter of tube (d . ) 21.7 mm,
8. Inside diameter of tube (df. ) 16.5 mm.
9. Transverse tube pitch (S p ) 55.6 mm.
10. Longitudinal tube pitch (S ; ) 482 mm.
1. Fin height { £}, ) 10 mm.
12. Fin thickness (fr ) 0.4 mm.
13. Fin spacing (fs ) 2.85 mm, 6.10 mm.
14, Material Steel

Table 2 Testing conditions

Item Value
1. Inlet temperature of flue gas (Tﬁ ) 200°C
2. Inlet temperature of cooling water (Twi) 27°C
3. Mass flow rate of flue gas (rhf ) 0.3 kgis
4. Mass flow rate of cooling water (mw) 9 V/min
5. Testing interval (l‘ ) ‘ 750 hr

Table 3 Testing condition for heating coil

Item Value
1. Inlet temperature of air (T m.) 30°C
2. Inlet temperature of hot water (wa ) 70 °C
3. Mass flow rate of air (m o ) 0.1-0.4 kg/s

4. Mass flow rate of hot water (m w) 10 Vimin
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Figure | Spiral finned tube
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Crimped Spiral fins Staggered Array

Figure 3 Geomstrical parameters of spiral finned tube
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Figure 4 Heat transfer rate of cross flow heat exchangers at various time
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Figure 5 Fouling formation on heat transfer surface in case of of 2.85 mm fin spacing
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Figure 7 Thermal resistant due to fouling of heat exchanger
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Figure 8 Comparison of fouling resistant from experiment and model
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Figure 9 Pressure drop across tube bank
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ABSTRACT

This research studies the deposit of lignite fly ash on external
surface of heat exchanger using spiral finned-tube. This heat exchanger exchanges
heat between a cold water flowing in the tube-.side having the inlet temperature of
5 °C and the volume flow rate of 10 I/min and a hot air-fly ash mixture flowing
through the external surface having the inlet temperature bebtween 40 - 60 °C and
various mass flow rate. The affecting parameters of the deposit of fly ash are
investigated, which are the mass ratio of fiy ash and air, the air temperature and the
fin spacing.

From the experiment, it is found that the deposit of fly ash is increased with the
increasing of the mass ratio of fly ash and air and the decreasing of air temperature.
Moreover, it is found that in case of low mass ratio, the deposit of fly ash when using
finned-tube having 3.85 mm fin spacing is lower than that of 2.85 mm fin spacing
finned-tube. However, at high mass ratio, the deposit of fly ash when using 3.85 mm

fin spacing finned-tube is higher than that of 2.85 mm fin spacing finned-tube.
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