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Abstract: As it is known that the boiler is a device used to heat water. This research is conducted to propose another alternative
in energy saving efforts by utilizing exhaust gas energy from Diesel motors which so far have not received much attention. The
exhaust gases is reused to react the boiler. The method used in design this tool uses the literature study method. The data is taken
from the exhaust gas of a 9 x 12 x 4 cylinders Diesel engine with a speed of 300 rpm and Mep 80 Psi, engine power (N) 92.4
Hp. From the results of this study, the results show that the size of the steam pipe with pipe outer diameter (OD) is 1 in, spaced
1 in, the number of rows is 2 rows, the number of pipes in one row Z = 12 rows, with carbon steel pipe material SA 106 Grade.
Meanwhile, the size and arrangement of the economizer pipes are the outer diameter of the pipe (OD) 1 in, the spacing = 2 in,
the number of rows = 6 rows, the total number of pipes Z = 2 x 6 = 12 pieces, the overall length of the pipe is L x 12, the
economizer pipe = 644 in, and SA 106 Grade carbon steel pipe material. The thickness of the boiler drum t = 0.245 cm, capacity
Q =536.75 Ib/hour, and the boiler drum material is SA 302 Grade B carbon steel
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1. Introduction

As we know, Indonesia, which is an archipelagic = 417500 Btu/hour which will consume 232 Ib/hour of fuel.
country, uses a lot of large ships whose fuel uses diesel oil, (417500 Btu/hr / 18.000 Btu/lb = 232 Ib/hr). From this
in addition to factories, power plant installations that use  example calculation it can be concluded that from a 500 HP
Diesel engines that are quite large. The test results show  engine the energy that can be recovered/saved is equivalent
that the exhaust gas heat from the Diesel engine reaches  to saving 232 Ib/hour of fuel. If it is considered that the
800 °F and the pressure reaches 30 to 50 psig (Priambodo,  machine operates 12 hours per day then in one month it is
1995), where so far the exhaust gas from the Diesel engine 360 x 232 b = 8388 Ib.
is wasted into the air even though the exhaust gas still The heat balance is a balance that shows the
contains sufficient energy. big. Exhaust gas conditions like ~ percentage of heat usage generated from the combustion of
this can still be used again, for example, for fuel for steam  fuel in the combustion engine. The heat balance is obtained
boilers, turbine drives, seawater filters and air heaters. The  from the results of experiments in the laboratory. For Diesel
amount of heat (energy) from the exhaust gases that can be  fuel the heat balance is as follows: Heat converted into
recovered using the above equipment is 835 Btu/hour for  useful work is 31%, heat lost is carried by cold water 25%,
every 1 HP of the engine power. Let's take an example, a  heat lost is carried by exhaust gases 31% and heat to fight
ship driven by a Diesel engine with a power of 500 HP, the  friction is 13% (Harsanto, 1979).
amount of heat (energy) that can be recovered (saved) is Steam boiler is a heat transfer device that can convert
835 Btu/HP. Hours x 500 HP =4175000 Btuw/hour. The heat ~ water into steam. The heat contained in the fuel is
generated by 11b of fuel is 18,000 Btu (Priambodo, 1995)  transferred to the water in the boiler through the heating
in other words, 1 Ib of diesel fuel can generate heat of  plane. The steam produced by the boiler can be used for
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various purposes such as in electric power installations,
industrial processes, for heating and so on. (Thsan, 2019).
While, the enclosed vessel that use to combustion and heat
transfer to water till hot or steam is called boiler. The steam
under pressure is then operational to transferring the heat to
process the heat water become steam (Babu et al, 2016). In the
thermal power plant boiler have the important function for
combustion (Padmanabhan et al, 2019)

The combustion chamber is where the fuel is burned.
The construction of the combustion chamber is adjusted to
the type of boiler and the type of fuel used. The Heating
surfaces in coal fired power plants lean towards to foul
cause the high ash and slag consist of the combustion air
(Gottelt et al, 2017).

The steam generator is the part of the boiler that
produces steam where from the heat of the fuel it is
delivered/transferred to the working fluid.

The economizer is a heater consisting of heated water
pipes. The heat is taken from the hot gases that will leave
the steam boiler to the chimney. The steam produced from
this economizer is saturated steam. Superheated is a heating
field consisting of a pipe arrangement where the steam
produced from the vapor field (saturated steam) is dried and
heated.

The steam tank is a reservoir for steam and boiler feed
water. Boiler equipment is all the tools used to ensure the
proper operation of the boiler. The aids include: Estimating
Glass, manometer, safety valve and alarm whistle.

2. Research Methods

This research is carried out by conducting a literature
study, namely by taking secondary data to be used with
calculations and formulas in the literature, which later with
these calculations will obtain a boiler design that utilizes
exhaust gas from a diesel motor. The research flow chart
can be seen in figure 1.
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Figure 1. Research Flow Chart

The formula are used in this design, namely;
Amount of Heat Recoverable (Q)

Q=(TI-T2)(W+1)f.N.e.. Cp

where:

(Priambodo, 1995)

T1 and T2 is Exhaust gas temperature before and after
heat exchanger; w is Weight of air per Ib of fuel used; (f) is
Fuel consumption Ib per hp-hour; (N); Power generated by
the engine (Hp); (e) is Heat exchanger efficiency (e); (Cp)
is Specific heat of exhaust gas (Cp).

Table 1. The average exhaust gas temperature of the Diesel engine exhaust
gas is shown in the following table (Priambodo, 1995)

Speed of Diesel Engine (Rpm)

Mep
. 240 260 280 300 320 340
(psi)
40 Nb 37.0 40.0 43.1 46.2 49.3 52.5
40 te 372 383 394 405 415 426
60 Nb 55.5 60.0 64.6 69.3 74.0 78.8
60 te 477 492 507 523 539 555
80 Nb 74.0 80.0 94.8 92.4 98.6 105.0
80 te 600 169 639 659 679 698
88 Nb 81.0 88.0 88.0 101.6 1085 115.0
88 te 665 707 707 728 749 770

The Heat Transfer Process in Steam Boilers can occur in
three ways namely:

1. Conduction; Q = ’Z—;‘ (T,- Ty, (Holman, J.P, 1981)

2. Convection ; Q =h A AT (Holman, J.P, 1981)
3. Radiation; Q=¢ o T* (Holman, J.P, 1981)

Steam boiler is a heat transfer device that can convert
water into water vapor. The heat contained in the fuel is
transferred to the water in the boiler through the heating field.
The steam produced by the boiler can be used for various
purposes such as in electric power installations, industrial
processes, for heating and so on. (Sobar Thsan, 2019).

Steam Boiler Parts namely:
1. Combustion Room

The combustion chamber is where the process of burning
fuel. The construction of the combustion chamber is adjusted
to the type of boiler and the type of fuel used.

2. Steam generator

The steam generator is the part of the boiler that produces
steam where the heat from the fuel is delivered/transferred to
the working fluid
3. Economizer

The economizer is a heater consisting of heated water
pipes. Heat is taken from the hot gas which will leave the
boiler to the chimney. The steam produced from this
economizer is saturated steam. This economizer is consisting
of heat pipe with highly effective for transfers a large of heat
from one location to another location (Kloczko et al 2019).
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4.  Super heater

Super heater is a heating field consisting of an
arrangement of pipes where the steam produced from the
evaporating field (saturated steam) is dried and heated.
5. Steam Tank

The steam tank is a reservoir for steam and boiler filling
water.
6. Boiler Equipment

Boiler equipment is all tools used to guarantee the proper
operation of the boiler. The assistive devices include:
Estimator glass, manometer, safety valve and alarm whistle.

3. Results and Discussion

3.1. Data Boiler Design

Exhaust gas heat as boiler fuel is taken froma 9 x 12 x 4
cylinder Diesel engine at 300 rpm and 80 psi mep, engine
power (N) 92.4 d .k, so from table 1 it is obtained exhaust gas
heat (T1) = 659 °F. The heat coming out of the boiler (T2) is
planned to be 200 °F, the efficiency of the boiler (e) is planned
to be 75%, the weight of air per pound of fuel (w) = 24 1b/lb
of fuel and fuel consumption (f) = 0.42 1b/ d.k hours.

3.2. The amount of waste heat that can be recovered

Q =(T1-T2)(w+t1)fN.e.Cp
=(659-200)(24+1)0,24x0,75x 0,24
= 75414 Btu/jam

3.3. The amount of water that can be heated can be
determined by the formula

Q =w.cp(T2-T1) (Nainggolan, 1978)

where :

w = weight of water that can be heated

cp = heat capacity of boiler filling water in this case the heat
of boiler filling water is set at 60 °F then cp = 1 Btu/Ib°F

T1 = water temperature entering the boiler is 60°F

T2 = Temperature of exhaust gas leaving boiler 200°F

So,

Q 75414

w = = = 536,75 Ib/jam
cp(T2-T1 1(200-60)

3.4. Heat Transfer in Evaporator Pipes

The heat transfer flow from the vapor pipe takes place in
parallel flow. The heat transfer diagram in this vaporizer pipe
is shown in Figure 2 below.

RO 2

‘-‘" T1
( L 1o
Tln ut

Figure 2. Heat Transfer in Evaporator Pipes

Difference in average temperature

_ (T1-t1—(T2-t2)

Ti-t1)
=tz

tm (Babcok & Wilcox, 2000)

where :

T1 = exhaust gas temperature entering the evaporator pipe =
659 °F

T2 = temperature of the flue gas leaving the evaporator pipe =
400 °F (planned)

t1 = temperature of water entering the evaporator pipe = 200
°F (planned)

t2 = temperature of water leaving the evaporator pipe =400 °F

(planned)

Then,

__ (659-200)— (459-400)
- ln(ssg—zooo
(459-400)

Tm =210°F

The cross section area of the vaporizer pipe

__ Qsteampipe

UATT (Sumiati, et al. 2022)

where :

Q vapor pipe = 75414 Btu/hour
U = overall heat transfer friction coefficient = 2 to 9 Btu/ft> hr
°F (Gustaf, 1992)

Then, the area of the evaporator pipe

75414
T 5x210

=862 in?

Evaporator pipe size and arrangement: pipe outer
diameter OD = 1 in, spacing 2 in, number of rows 2 rows,
number of pipes in one row Z = 12 rows.

Evaporator pipe length for one line

The area of steam pipe 862 .
= = =22.87 in
Zxmx 0D

12x3,14x1
Overall pipe length L x 12 =22.87 x 12 = 274.44 in, that
made form carbon steel pipe material SA 106 Grade.

L
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3.5. Heat Transfer in the Economizer

The flow of heat transfer in the economizer takes place in
parallel flow can be seen in Fig 3.

T2

T2,
T2
T1

T Out

Figure 3. Heat Transfer in the Economizer Pipe

Average temperature difference
T1-t1—(T2—-t2
tm = ( (T1(—t1) )
In(
(T2-t2)
T1 = exhaust gas temperature entering the evaporator pipe =
459 °F
T2 =temperature of flue gas leaving the evaporator pipe =259

°F (planned)
t1 = temperature of water entering the evaporator pipe = 60 °F
(planned)
t2 = temperature of water leaving the evaporator pipe =200 °F
(planned)
Then,
459-60)— (259—200
= ( n ()4-59(—60) ) =179 °F
(259-200)

Surface area of economizer pipe

75414

__ Qekonomizer
5x179

U x Atm

=1011 in?

Economizer Pipe Size: Outside diameter of pipe OD = 1 in,
spacing = 2 in, number of rows = 6 rows,

Total number of Z pipes = 2 x6 = 12 pieces.

Economizer pipe length

1011

The cross section of Economizer _
6x314x1

Zx3,14x 0D

53,66 in.
3.6. Calculation of Boiler Drum Thickness

The boiler drum is a place for steam and water storage
and as a place for separating water and steam. Minimum drum
wall thickness (t)=(P xR )/(Sx E+2Y-P) + C (ASME, Boiler
and Vessel Code Section I, 2001)

Where:

P = pressure that occurs on the drum wall = 11.256 psi

R = drum radius = 12 in (planned)

S = maximum allowable stress of the material, the material is
selected grade C carbon steel with maximum allowable stress

S = 1300 psi at a temperature of 400 °F (ASME, Rule for
Construction OF Power Boiler, 2000)
E = efficiency of welded joints = 1 (Khurmi, R.S/Gupta, J.K,
1980)
Y = temperature coefficient = 0.4
C = Addition to overcome corrosion = 0.065 [9]
Then,
11,256 x 12

t= + 0,065
1300x 1+2x 0,4 x 11,256

=0,10 in
=0,254 cm

ECONOMIZER

- STEAM DRUM
- INLETVALVE

__ STEAMPIPE
" _-DOWN CONNER PIPE

__— COMBUSTION ROOM

REMARK :
1. COMBUSTION ROOM
2. INLET WATER PIPE
3. DOWN CONNER PIPE
4. ECONOMIZER
5.STEAM PIPE
6. STEAM TANK

Figure 4. Steam Boiler Design

4. Conclusion

From the results of the calculations, the sizes of the
evaporator pipe, economizer pipe and the size of the steam
drum are obtained. vaporizer pipe size; Evaporator pipe size
and arrangement: pipe outer diameter OD =1 in, spacing 2 in,
number of rows 2 rows, number of pipes in one row Z = 12
rows. Carbon steel pipe material SA 106 Grade. Economizer
pipe sizes and arrangement: Outside diameter of pipe OD =1
in, spacing = 2 in, Number of rows = 6 rows, Total number of
Z pipes = 2 x 6 = 12 pieces, Overall pipe length L x 12
economizer pipes = 644 in. Carbon steel pipe material SA 106
Grade. Kettle drum thickness t = 0.245 cm, capacity Q =
536.75 Ib/hour, Boiler drum material is carbon steel SA 302
Grade B.
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