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1.INTRODUCTION
1.1 Background

The process of analysis and testing a heat exchanger device, which is used in an Refuse Derived Fuel (RDF) drying
machine, needs to take into account the heat wansfer mechanism that occurs within the dryer. Therefore, it is
essential that we carry out a heat tansfer analysis prior to constructing such a device, wherein the heat transfer
process, the physical dimensions, and the number of inlets and o“ets in the heat exchanger are crucial aspects of
the analysis. To learn more about the changes in air temperature, the heat transfer rate, and the effectiveness of the
device that will be used ingg RDF drying machine, it is necessary to carry out a laboratory study. It might be
preferable, if the fuel used to increase air temperature in the drying chamber is associated with renewable energy;
therefore, we will be using the RDF. Refuse Derived Fuel is used as solid fuel on pyrolisis, but it still possesses a
relatively high humidity; consequently, it needs to be dried in an RDF drying machine. The dried RDF is placed in
the burning chamber and will be used as fuel; meanwhile, the still relatively humiﬁDF will be placed in the drying
chamber to get it dried by the heat exiting from the heat exchanger. The desired air temperature for drying RDF in
the drying chamber is 60°C (Daud Heru, 2018). A heat exchanger is a crucial component in a drying machine, and
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its ﬁe 1s to increase air temperature as needed to match the requirement for drying RDF in the drying chamber. To find
out the effectiveness of a heat exchanger device, the degree of air temperature as well as the device’s heat transfer rate, we
need to carry out a study on the anal%and to carry out the necessary analysis to test the heat exchanger device in a
laboratory. That way, air temperature and the heat transfer rate from the heat exchanger can be adjusted to match the

desired temperature for drying RDF in the drying chamber.
1.2 Research Objectives
The objectives of the research are as follows:

e To prove that flat plate heat exchanger (HE) is better than shell and tube heat exchanger;
e To analyze the effectiveness of a flat plate heat exchanger, which will be used in an environmentally friendly RDF

drying machine;

e To analyze the temperature and heat transfer rate, and adjust its air temperature in the drying chamber that reaches

the desired temperature of 60°C;

s Last but not least, to carry out a test on the flat plate heat exchanger.
1.3 Method

The analysis process, testing and associated analysis were carried out at the Laboratory of the Faculty of Engineering,
Universitas Pancasila in Jakarta. The construction and testing of the heat exchanger device have been carried out in the
early 2018 until 2019 at the Laboratory of the Faculty of Engineering, Universitas Pancasila in Jakarta, Indonesia.

2. RESULTS AND DISCUSSIONS

In general, fuel can be classified into the following, solid fuel, liquid fuel, gas fuel, and nuclear fuel. A drying machine

commonly uses solid fuel; however, some of them may also use gas stove, which is placed below the heat exchanger, as

illustrated in the figure 1 below:
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Figure 1: An Environmentally Friendly Drying Machine that uses Vibration
Components and Gas Fuel.
T: Temperature
M: Electrical Motor
H: Humidity
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The Log Mean Temperature Difference (LMTD) method would be used to analyze heat transfer on a heat
exchanger device, if the entry and exit temperatures were known or if they could be determined easily; therefore, the
LMTD value could be calculated without diﬁulty. However, if the entry and exit temperatures were not known, it would
be easier to carry out the analysis using the heat exchanger effectiveness method. Heat exchanger effectiveness is defined
as the ratio of the actual heat transfer and the maximum heat transfer value that may occur. Heat exchanger is needed to

increase temperature in the drying machine until 60 °C, and the outlet temperature from heat exchanger is 83.3 °C.
2.1 Analysis of Flat Plate Heat Exchanger

¢ Length of air duct, Ld = 40 cm;

¢ Width of heat exchanger, L apk = 60 ¢m;

¢ Length of gas duct, Lp =30 cm;

s Air passage, np = 1 | and gas passage, nd = 12;

¢ Width of gas duct, bp = 3 cm and width of air duct, bd =2 c¢m;

e The required air velocity, Vd = 2.9 m/s and air temperature entering to heat exchanger, Td = 30 “C;

¢ The hot gas are available at temperature, Tp =300 °C and at velocity, Vp =03 m/s;

¢ Wetted perimeter on gas side, Pp = 3440+ 3+40= 86 cm = 0.86 m;

40 cm

30 cm

Figure 2: Passage of Hot Gas on Flat Plate Heat Exchanger.

Wetted perimeter on air side,Pd =3042+30+2=64 cm=0.64 m.

2cm

-

30 cm

Figure 3: Passage of Cold Air on Flat Plate Heat Exchanger.

e Cross sectional area of gas passage (per passage), Ap = 3 cm x 30 cm = 90 em?® = 0.009 m* and Apiwi=0009 x 11

=0.99 m?;
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Cross sectional area of air passage (per passage), Ad =2 cm . 40 cm = 80 ¢cm® = 0.008 m® and Ad,,, = 0008 x 12=
0.096 m’;

Hydraulic diameter of air duct, DHd = (4 Ad)/Pd =(4 x 80 ¢cm2) /64 cm =5 em = 0.05 m;

Hydraulic diameter of gas duct, DHp =(4 x 90 cm2) / 86 em =4.19 = 0.0419 m;

Heat transfer surface area, A = [(40 x 30) + (40 x 30)] 11 = 2640 e’ = 0.2640 m?;

The temperature of both fluids vary along the duct. It is therefore necessary to estimate an average temperature
and refine the calculations after the outlet temperatures have been found. Selecting the average cold air
a’npcraturc at 56.7°C= 33()6, and base on this cold air temperature will be found: p = 1.15 kg/ m°, cp = 1075
Jkg K. k=0.02780 Wm K, =195 x 10 " kg / m s, pr = 0.70. Selecting thnvcmgc hot gas temperature at 247
“C, and base on this cold air temperature will be found: p =0.840, cp = 1017 Jkg K. k=00348 Wm K, pn=236
x 107, Pr=0.69;

The cold air available atrate, md = p A Vd = 1.15 x 0.008 x 2.9 =0.02668 kg/s, and md,q = 0.02668 x 12 =0.32
kgls;

The hot gases available at rate, mp = 0.840 x 0.009 x 1.4=0.01058 kg /s, and mpo = 0.01058 x 11 = 0.12 kg/s;
The mass rates perunit area, md/Ad,, =0.32/0.096 =333 kg/ s m? and mp/Apga = 0.12/0.099 = 1.21 kg/s m’;

Reynolds Number

(md/A)DHd (0.32/0.096)0.05

Red = —
1 195 x 10

=85385

(mp/A)DHp (0.12/0.099)0.0419
P B 236 x 107

Rep = =21483;

They are Laminar flow.

The average unit conductances are:

hd = [(0023)(FL ) (Re % pr o 1+(
i DHd Ld

0.02780
0.05

r 07
hd = |(0.023)( 005]

Y(85385 %% x 070" 1+('
0.4

= 197

0,7
hp = [(0-023)(i)(Rc 0¥ Pr"‘33:| p{%)
DHp
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0.7
hp = (0.023)(0'0348)(2148.3 *%0.69 |1+ neik
00419 03
= 12
if the thermal resistance of the metal wall is neglected, the over all conductance is,
1 1
A= P
g 1 1 1 1
+ +
hd Atot hp Ator 197 x 2.640 12 x 2.640
11 0.19 + 032 051
52 319

The number of transfer units, based on the warmer fluid which has the smaller heat capacity rate,

UA UA _ 1.96 D -
Cmin mp cp 00027 1017 275 o

NTU =

The hourly heat capacity ratio,

Cpanas md cpp 0.12 x 1075 129

Cdingin mp cpd 032 x 1017 32544
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Figure 4: Heat-Exchanger Effectiveness for Crossflow with Both
Fluids Unmixed.
From Figure 4, about heat exchanger effectiveness for cross flow with both fluids unmixed, the effectiveness is €
=43 % =043,

Finally, the average outlet temperature of the air is
Taow=Tain+Cp/Cd (€ ) ( ATmar)
=30 °C + (0.56) (0.43) (300 — 30 ) = 95.02°C;

A check on the mean air temperature gives,
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oy Tdirr sk Tdmu
mean 2
_ w - 6251°C

Which is sufficiently close to the assumed value of 56.7 °C so as to make a second approximation unnecessary.

The ontlet of
hot gas

The outlet of
cold air

The inlet of

The inlet of
hot gas

Figure 5: Passage of Hot Gas and Cold Air on Flat Plate Heat Exchanger.

Effectiveness of flat plate heat exchanger through testing,

m n . ATd
By ‘(P d =
mp cp P X

_ 0.42x1.008(82.6-346)
P 022x1008 (300-34.6)

=0.345=34.5%

In the afternoon, temperature of testing is Tdew = 82.6 °C and Tdin = 34.6 °C. These are almost the same as

temperature of analysis, namely Tdo, = 95.02 °C and Td;, = 30 °C.

2.2 Analysis of Shell and Tube Heat Exchanger

In order to increase the effective heat transfer surface area per unit volume, most commercial heat exchangers provide for more than
a single pass through the tubes, and the fluid flowing outside the tubes in the shell is routed back and forth by means of buffles.

Shell And Tube Heat Exclanees

£ Shell 3 EmpancionBelows | MNozle(Tube ade)
9. Tubes 4. PassPatitioaglate 2. Mezzle (Fhellside)
10 Rear Hoad barrd 5. Cupport(Saddle)

11. Statierary Head barrel 5. Daffc

12 TicRods & Spacars 7. Tubeshest

Figure 6: Shell and Tube Heat Exchanger.
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(3
The average outlet temperature of the hot gas on flat plate heat exchanger is 247 °C.
(3
The outlet temperature of the hot gas on shell and tube heat exchanger is Tpou = 194 °C. The hot gas are available

at a temperature of 300 °C and the cold air are available at a temperature of 28 °C.

T 194 °C

280C | APK  [g33%C

300 °C
Figure 7: Temperature on Shell and Tube Heat Exchanger.

(1
The logarithmic mean overall temperature difference for cross flow with one tube pass and one shell pass,

LMTD = ATIM L AT’lﬁn
Ay,
ATn’in
v - (300-833)- (194 -28) _ 506 _ o) o
n 300 - 833 In (1.3)
Tl 194 - 28
15—y -
.'__ w \:\ '\}L! ll-
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Figure 8: Correction Factor to Counterflow LMTD for Crossflow Heat
Exchanger, Both Fluids Unmixed, One Tube Pass.

0

For the cross flow arrangement, the appropriate mean temperature difference by applying the correction factor

found from figure 8 to the mean temperature for cross flow,

o 0000 (585 wrgmonin o 2983 F i
28 — 300 194.1 — 300
F
v 0.52
097 —
039

(1]

Based on figure 10 found the correction factor, F=10.97.
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The rate of heat transfer is,
qark= U AFAT,, =233 kl/s

Total of heat transfer surface area 1s,

qt11”K

UFAT,

233 x 10°W ,
=25m"
50 x 0.97 x194.6

The length of tube is,L=30cm=0.3m

By using BWG 18 the diameter out of tube is,
d=1%in=3.18 cm

=0.032m

Total of tube 1s,

A

n=———
2xdL

25

= =416
2x3.14x0.032x0.3

=42 pipes
The rate of heat transfer on flat plate heat exchanger is, gark = 23.3 kI/s, and from design flat plate heat exchanger

found,

30 em 60 cm

40 cm
Diameter for shell and tube heat exchanger is,

p=2A
k(0

_ 4(40x60)
40+ 60+ 40+ 60
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=48 cm
The rate of heat exchanger for flat plate heat exchanger is the same as shell and tube heat exchanger, qark = 23.3

kl/s
Design results of shell and tube heat exchanger are,
s Total of tube, n = 42 for each passage;
¢  Diameter out of tube,d =1 in =0.032 m = 3.2 cm and pitch is 19/16 in = 3 cm;
s  Length of tube in the shell and tube heat exchanger, L =30 cm=0.3 m;
e  Diameter of shell, D=48 ¢cm = 18.9 1n;

‘With the known fact that dizu“er of shell on shell and tube heat exchanger is 48 ¢m, this diameter will not be
enough for 42 tubesé:c;luse one tube on shell and tube heat exchanger needs diameter and p&h, dp=32+3cm=62
cm or total of tubes on shell and tube heat exchanger need 260.4 cm., This research chooses flat p]atﬁcat exchanger as
heat exchanger for an environmentally friendly rdf drying machine based on total of tube reason on shell and tube heat

exchanger.

After the completion of the analysis process and testing, we learned that the flat plate heat exchanger was
able to supply heat to thdrying chamber, thus raising air temperature within the chamber to 60°C, and, we then
moved ﬁild to test the flat plate heat exchanger. The physical dimension of the flat plate heat exchanger is 40 cm in
length, 60 ¢m in width, and 30 cm in height, and it is constructed from aluminum plates where each of the plates is 1
mm thick. Aluminum plates are excellent heat conductors, and it is easy for them to maintain the heat and they are
quite durable. A flat plate heat exchanger's dimension and the number of its inlets and outlets can be customized
according to the need of its user. Eleven (11) outlets stream the heated gas from the burned RDF. Mean while,
outside air that enters and exits the flat plate heat exchanger streams through twelve inlets. To obtain a temperature
ﬁ;mc in the RDF drying chamber, the exiting temperature from the flat plate heat exchanger needs to be at 83.3°C.
The heat transfer rate of the tested flat plate heat exchanger is 23.3 kJ/s and its effectiveness is 34.5%. After drying,
the RDF can be very well used for solid fuel on pyrolisis, because it posseses a relatively low humadity. The tested
flat plate heat exchanger is placed on top of burning RDF fuel. Mean while, the gas produced by the buming is
filtered through the components called cyclone and wet scrubber, which are positioned outside the burning chamber.

It can be seen from the following figure:
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Figure 9: An Environmentally Friendly RDF Drying Machine that uses a Flat Plate Heat Exchanger and it
is Fueled by RDF.
Figure 10: RDF Burning Chamber, Cyclone and Wet Scrubber.
Figure 11: A Flat Plate Heat Exchanger.
3. CONCLUSIONS

The results obtained from this study are summarized as follows:

e This environmentally friendly RDF drying machine is equipped with a flat plate heat exchanger with 11 outlets,
which allow the heated gas produced by the burned fuel to exit the heat exchanger; meanwhile, air from the
outside enters the system through 12 inlets; The heat exchanger itself is 40 ¢cm in length, 60 cm in width, and 30
cm in height;

e Heat exchanger effectiveness of the tested device is 34.5%;

Impact Factor (JCC): 8.8746 SCOPUS Indexed Journal NAAS Rating: 3.11
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Friendly ﬁ)F Drying Machine
s Air temperature exiting the flat plate heat exchanger is 83.3°C; meanwhile, air temperature inside the drying
chamber is maintained at 60°C;
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