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Abstract

The performance of a diesel generator based heat recovery system containing a thermal storage is analyzed
and verified using experimental investigations. The various solutions to achieve this are proposed and then
eliminating the flaws of the preliminary model, a final practical model is proposed. The mathematical model
for various components in the proposed model is given. The model predicts the outlet temperatures of water
at various stages of the procedure. Experiments are performed for various configuians of the proposed

model and relative inferences are drawn from the results.
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1. Introduction and optimize the thermodynamic processes. H.W.
Wu, C.P. Chiu [4] proposed an empirical formula to
calculate the heat transfer in the cylinders of
reciprocating internal combustion engines. Engine
simulation and thermodynamic modeling [5] of

various processes have been used along with
experimental techniques to predict the

performance and emission levels in Diesel
engines

Among the numerous problems the world is
facing today, the shortage of energy is being
emphasized upon the most. While there are
number of ways to control the wastage of energy,
recovery from the exhaust gases of a diesel engine
is a prominent option. Nealy 30% of the energy
from the diesel engine is converted into useful
mechanical work, so various studies have been
done in order to utilize the remaining 70% energy
getting wasted from the diesel engine. These
methods also will in turn help in controlling the
entropy rise of the universe. The study shows the
availability and possibility of waste heat recovery
from diesel engine and possible methods to electrica
recover the waste heat from diesel engine. output,35

3. Heat Balance of Diesel Generator

Losses,8%

2. Literature Review

Heywood [1] analyzed Heat release rate based on
first law of thermodynamics and state equation.
He proposed to use more sophisticated models for
the gas properties before, during and after
combustion with accurate heat transfer model.
C.D. Rakopoulos [2]has used a comprehensive
two-zone transient diesel combustion model for a stack losses

preliminary evaluation of the effect of various

parameters on nitric oxide (NOx) and sodtig.1Heat Balance for Diesel Generator Set
emissions during transient operation after load

changes. E.G. Giakoumis [3] developed

mathematical models of Diesel engine to simulate From the energy balance it could be seen that only

one third of input thermal energy is converted to
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Electrical output and remaining goes along with
flue gases, coolant and radiation loses. Among
these, stack losses through flue gases or the
exhaust flue @s losses on account of existing flue
gas temperature of 350C to 550C, constitute the
major area of concern towards operational
economy. Limiting exit gas temperature cannot be
less than 180°C, to avoid acid dew point corrosion.
Consistent DG set loadingto over 60% of rating)
would ensure a reasonable exit flue gas quantity
and temperature. Fluctuations and gross under
loading of DG set results in erratic flue gas
guantity and temperature profile at entry to heat
recovery unit, thereby leading to possite cold end
corrosion and other problems.

Energy of jacket water can also be utilized to cater
heating load or cooling load by using hot water
based VAM. Waste heat recovery from exhaust
gases and jacket coolant adds to the capital cost
due to addition of machines like waste heat
recovery boilers and vapour absorption machines.
But it reduces the running cost and thus improves
the overall efficiency of the system.

4. Theoretical or Preliminary Model
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Fig.2 Preliminary theoretical model

The components $ed in the model are Dg set,
Exhaust Gas recovery unit, Hotvater generator,

VAM and Hot water tank. In this model, an
auxiliary device is used to further increase the
temperature of water.

Problem Faced:

0 As much of the heat is not utilised the
thermal efficiency of the model decreases
with time. Whenever not required heat is
released to atmosphere and thus recovery
purpose is not fulfilled.
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0 The major technical constraint that
prevents successful implementation of
waste heat recovery is due to its
intermittent and time mismatched
demand and availability of energy.

0 Number of variables were increasing |,

therefore assumptions required also

increased.

4.1 Mathematical Model for Preliminary model

Mathematical model for Rated Condition
mixCV = R+ mNpr(Twlz Tsi) + I'T'ngg(Tg-Ta)

Mathematical model for off design condition _
MQIQD'YXCV = R + muGu[(Ts+Q QDY Y 4-
Ts] + MyQ T YCog(TQ MDY -Ta)

AtP =R 3

mMXCV =P + wCowj Y4+ mGoo(To-Ta)

j Yk = aZoéaxd  aBn O
o T G060

j 6&1 0 ENGKEIT xGEl ¢ OAOAA

AT OOAODId AEPRA h@4

7A AAT j6CAAG AOY 4
twir= TsiC Y&

Neglecting Other Losses,

0 'Q 0 00 07
Where,
0 "Q =4a'Q 688
ECQ G O6NOYO TYa

FCE Q= a,."QQ06N"AYQ "Y®
Above Eq. becomes,
G @é6® 0 AO6ALYD “Ya
a,."QQoNAYQ YO

4.1.1 Theoretic al Mathematical model of Heat
exchanger.

For EHRU unit,
Mathematical model for Rated Condition

mWQW(TWZ'TwlR) = rngQ)g(TgZ'Tgl)
Mathematical model for off design condition.
mWQW(TWZ'Twl) = n'b’Q lTQ’)'YCpg(TgZ'Tgl’Q lTQ’)'Y)

MuGow(Two-Ts+Q TADY Y 9 = may¥
D YCog( T2 TerQ QDY)
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(knowingrated Power, Flue gas composition and
Tw1 ),

We get,

Tw2 = 4" QQ QY6 W IADY VL
Yp T auén o

AtP =R

Twer = G°®N QYR "Yp T a00H U +Twm

From the above equation we get the temperature
of water at the outlet of the heat exchanger i.e. the
temperature of water going to the storage tank.

4.2.2 Theoretical or Mathematical model for
Storage Tank.

Mathematical model for Rated Condition
MwGow(Tw2rZ Tsi) + MGon(Tho-Thi) = MeGo(T s Tsi)

Mathematical model for off design condition
MwGCow(Twz -Ts) + MWQ a'fﬁ'YCph(Tho-Thi) =
MsGo(TsiZ Tsi)/ time

AtP=Rand C=¢€

MwGow(Twz -Tsi)) + MhGon(Tho-Thi) = MsGo(Tsiz Tsi)/
time

For known Twe YT across VAM, and Storage
Volume,

We get,

Tstr= auon "¢
YXQT aion xtime + Tsi

Y Q a'®nee

Studying the above model we predict the
theoretical value of the temperature of water in
the storage tank.

5. Experimental Setup

Diesel Engine TS

Dynamometer

(Temperature
lindicator

Load Indicator

Rotameter

Fig.3 Schematic of Experimental setup
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The experiment on proposed model is divided into
3 parts. We study the recovery of the model using
3 different combinations.

5.1 Recovery using only Jacket Water.
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Engine jacket

= mw, Tw3
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Fig.4 Setup with only Jacket water recovery.

Load = 12 kg

mw = 700LPH

E = muXGowX(Twi-Tw2)
E = ZOOXQ)WX(TS'Ta)
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Fig.5 Variation of temperature of tank during
cooling w.r.t. time

This graph shows slightly declining linear relation
between time and intermediate temperature of
water in the tank. It shows that the temperature
decrease is constant i.e. the loss of the energy
from tank is nearly constant.
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Fig.6Variation of energy gored in tank w.r.t. time.

This graph shows similar relation as time with T2
(i.e. slightly declining linearly). The equationy = -
103.67x + 47982 represents the regression
equation with regression constantRz = 0.9895.

5.2 Recovery using only Exhaust gases
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Fig.7 Schematic of recovery model using Exhaust
gases only.

Load = 12 KG
mw = 700LPH
mf = 0.9 kg/hr

Eex= meprx(TWZ'TW3)
E = ZOOXQ)WX(TS'Ta)
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Fig.8Variation in Temperature of storage tank
during cooling w.r.t. time
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This graph shows the linear declining of time
against intermediate temperature during cooling.
The equation y = -0.1431x + 90.094 shows
regression equation with regression constanR? =
0.9985

5.3 Recovery model using combined system.
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Fig.9Schematic of Combined Recovery model.

Load = 12Kg

mw = 700LPH

B = myXGowX(Tw1-Tws)
Eex = My XGowX (Twz-Tw1)
Etotal = MwXGowX (Twz-Twa)
E= ZOOXQ)WX(TS'Ta)
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Fig.10Variation of storage temperature w.r.t. time.

This graph shows time against intermediate
temperature of water in the tank during cooling
and it is linearly declining. The equationy = -

0.0977x + 90.853 shows regression with constant
Rz =0.9994.
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Fig.11Variation of tank energy during cooling
w.r.t. time.

This graph shows the relation between time and
tank energy during cooling and it is linearly
decreasing. The equatiory = -81.826x + 50958
shows regression with constantk2 = 0.9994.

6. Comparison between proposed models.

6.1 Comparison on the basis of % recovery
made:

From the trials taken the value of the % recovery
comes out to be maximum for the jacket water
heat recovery configuration as compared to
exhaust heat recovery. The Jae of the %

recovery for exhaust heat recovery configuration
highly depends on the design of the heat
exchanger and the temperature of the thermal
storage, whereas the % recovery for jacket water
depends on the operating conditions of the engine.
The % recovery comes out to be maximum for the
combined configuration, as both the above
configuration have been simultaneously used in
this configuration.

6.2 Comparison on the basis of time taken for
charging of thermal storage:

The time taken for the charging of the exhaust
heat recovery configuration is max as compared to
jacket water heat recovery configuration as the
heat recovered is max for jacket water heat
configuration.

The time taken for charging is least for combined
configuration as the maximum amount of heat is
recovered per unit time.

6.3 Probable Recovery:
1) Energy:

Table 1:Minimum and maximum
recovered for each configuration.

energy

International Journal for Research in Engineering Application & Management (IJREAM)

ISSN : 2454-9150 Special lssue=AMET-2018

Configuration Energy Recovered (kW)
Min Max
Jacket Water 3.61 13.61
Exhaust Gas 3.05 9.92
Combined 8.51 17.28
2) Fuel

Table 2: Minimum and maximum amount of fuel
saved for each configuration.

Configuration Fuel Saved (I/hr)

Min Max
Jacket Water 0.3555 1.3391
Exhaust Gas 0.3000 0.9752
Combined 0.8365 1.6995

7. Conclusions:

1. From the theoretical data available and
also the experimentation performed it can
be seen that there is large potential of
energy saving from the diesel engine by
using recovery models. The energy saved
from the system can be utilized in
applications where auxiliary heating or
hot water supply is needed

2. The waste heat recovery from the jacket
cooling water gives a recovery of 9% to
30% of the energy, which remains
constant after certain temperature. The
recovery from the jacket water strongly
depends on the engine operating
conditions and not on the temperature of
thermal storage.

3. The exhaust heat recovery unit gives a
recovery of around 8% to 24 %., which is
not constant and reduces once the
temperature of the water increases above
50°C. The temperature under 50C is the
transient period also can be called the
charging time of themal storage. The
recovery of 24% shown cannot be
considered as a system is to be designed
on steady state conditions and not
transient conditions , thus after attaining
a steady state the recovery is 15% which
is the practical value used for designing
and studying the system. The recovery
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strongly depends on the temperature of
thermal storage.

4. But the waste heat recovery using
combined configuration gives a recovery
of 20% to 40% of the input energy. The
recovery of the energy remains
considerably constant over a range of
temperature.
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5. Thus we can see that using combined heat 465-484.
recovery system leads to trapping of the
valuable energy which goes waste and
can be used for other applications. This
system gives a constant output of energy
as compared to the individial systems.

8. Nomenclature:

ma = mass of air supplied

ms = fuel consumption rate

Twi= Temp of water at exit of DG

Twz= Temp of water at exit of EHRU

mg = mass of flue gases

Tgr=Temp of flue gases at exit of DG
Tg2=Temp of flue gases at exit of EHRU
mw = mass flow rate of water

Thi = Hot water temp at inlet of VAM

Tho = Hot water temp a outlet of VAM

Tsi = Initial Storage tank Temp

Tst= Final Storage tank Temp

Tj= Temperature of the jacket
E=Energy recoveed from engine jacket
Eex=Energy recovered from exhaust gas
E:=Energy stored in tank.
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