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Abstract— The present experiment is to improvement of hydrogen energy share in 3.5 kW single 
cylinder direct injection diesel engine under dual fuel mode. The experimental test is conducted at the 
injection operating pressure (IOP) varying from 200 to 240 bar using pure diesel, B20, and B20 with 
various less concentration flow rate of hydrogen at 100% load with 1500 rpm constant. The acquisition 
data of the test fuels is compared with 200 bar pressure of diesel baseline. The energy share of hydrogen 
for performance parameters like Brake thermal efficiency (BTE) is high with maximum IOP and also the 
specific fuel consumption (SFC) reducing with increasing with maximum IOP. The combustion 
parameters of Net Heat Release Rate (NHRR) and Cylinder Peak pressure also increases with increasing 
IOP. The emission parameters of HC, CO, and CO2 reduces with share of hydrogen at high IOP 
meanwhile the NOx emissions  increases with increasing hydrogen and IOP. 
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I. INTRODUCTION 

Nowadays fossil fuels are widely used in IC engine combustion applications, which cause dangerous effects 
to the environment and world geopolitical climate. Diesel engines have been under the process of development 
in the last few decades so as to meet legislations related to emission control [1]. Many researchers around the 
world are interested in the field of developing alternate fuels and to alleviate emissions by peripheral means, like 
use of catalytic convertors and necessary engine modifications. However, some of them have also recommended 
the use of additives like browns gas, blending vegetable oils with petrol etc to deduct the emissions [2]. The use 
of vegetable oils in original conventional diesel engines result in decreased thermal efficiency and increased 
smoke levels. These problems are further compounded owing to higher viscosity, less volatility and reactivity of 
the unsaturated hydrocarbon (UHC) chains in vegetable oil fuels. Amongst the aforementioned factors, higher 
viscosity of vegetable oils poses a challenge as it results in high carbon deposits and  ring sticking [3,4]. A 
variety of vegetable oils such as Karanja oil, rapeseed oil, rice bran oil, cottonseed oil, Jatropha oil etc. has been 
employed as fuels in diesel engines [5]. Along with these, Karanja oil exhibits extremely high-quality properties. 
It is a non-edible oil and It is a non-edible oil and possesses higher calorific value and higher cetane number 
when compared to several other fuels. The Karanja plant can mature roughly anywhere including gravely, sandy 
and saline soils. It thrives well even under drought-like conditions [6, 7]. 

Dual fuel operation mode in diesel engines has the potential to improve performance and reduce emissions 
[8]. On the flip side, dual fuel process in general pose problems of less efficiency when the concentration of the 
introduced fuel is less than a least value. This is because a lean mixture of the induced fuel with air does not 
burn well. Use of fuels with extensive flammability limits and higher burning velocity can decrease these effects. 
Since vegetable oils typically generate high smoke emissions from diesel engines, dual fuel operation can be 
adopted as a technique to better their performance. A small quantity of hydrogen can be introduced with air 
while using vegetable oil as the pilot fuel. Some of the significant properties of pure diesel, Karanja oil and 
hydrogen are shown in Table I. Due to the absence of carbon, exploit of hydrogen in dual fuel engines will often 
reduce hydrocarbon and carbon monoxide emissions [9, 10]. 
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In this present work, a single cylinder direct injection diesel engine is modified to work in the dual fuel mode 
with hydrogen as an introduced fuel. Karanja oil methyl ester (KOME) blend (B20) is used as the injected fuel 
and most of the engine’s energy is derived from it. It is injected by the conventional fuel injection system. 
Experiments were conducted at a constant speed of 1500 rpm, full load conditions and the quantity of hydrogen 
and Injection Operating pressure were varied. Comparison has been made with results obtained while using base 
line diesel as the pilot fuel instead of the KOME blend. 

II. EXPERIMENTAL SETUP AND TEST PROCEDURE 

A Single cylinder water cooled DI diesel engine developing 3.5 kW at 1500 rpm with the fuel of pure diesel. 
Specifications of the engine details are shown in Table II. A schematic view of experimental set up illustrated in 
Fig 1.With the help of high-speed digital data acquisition system to traced the output signal of pressure. The 
piezoelectric transducer and crankshaft position optical encoder were employed for the measurement of cylinder 
pressure as a function of crank angle. The exhaust emissions of Engine were quantified by advanced MN-05 
multi-gas analyzer (5 gas version). 

 
Figure 1 Scamatic diagram of Test Engine 

The combustion study was carried on the averaged value of 100 cycles after the engine attained steady state 
condition. For the duration of the first stage of operation the engine was in progress of fuel on pure diesel to 
produce baseline data. In the second stage of operation, the engine was made to use on B20 fuel after arriving at 
stable conditions the outcomes are contrasted to baseline data. In the third stage of process engine running on 
B20 fuel and inducted air is augmented with a small concentration of hydrogen (5, 10 and 15 lpm), the results 
were achieved at full loading conditions for three different injection opening pressures of 200, 220and 240 bar. 

TABLE I: Test Fuel Properties 

Properties Diesel Hydrogen B20 Karanja 

Density(Kg/m³) 850 0.08 831 885 

Calorific Value(kj/Kg) 44500 119930 42770 40750 

Viscosity(gm/cc) 2.76 … 3.88 5.12 

Flash Point(°C  ) 76 … 81 161 

Pour Point(°C) 3.1 … 3.1 5.1 

Cetane value 47 … 53 56.65 

Acid Value (mg KOH/g) … … … 1.13 

Sp.gravity 0.835 0.091 0.844 0.937 

 

 
 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Kursam Krishna et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i3/170903S072 Vol 9 No 3S July 2017 464



A. Analy

The eq
rate by th

Where
is the cyl

In this
and B20 
on perfor

A. Energ

Energy
premixed
fuel, and
rate i.e. 5
energy re
condition
high pre
combusti
fuel to su
percentag

Energy

               

ysis of Heat R

quation of firs
he average pre

Qapp

e Q app is heat 
linder pressure

s experimentat
with flow rat

rmance, comb

gy Share 

y share of Du
d lean combus
d speed of com
5, 10, and 15 
elease rate of
ns. At the sam
ssure fuel inj
ion of B20 mi
um of pilot in
ge of hydroge

y Share of B2

% 

% Hy

 Figure 2 B20 En

elease 

st law analysi
essure versus c

 1/ 
release rate, 

e and qw in the

Rated po
Bore and
Compres
Cylinder
Dynamo
Orifice d
Fuel 
Calorime
Cooling 
Starting 

tion effects of
te of 5, 10, an
bustion, and em

ual fuel injec
stion. The ene
mbustion.  Fro
lpm at differe

f B20 was m
me time from 
jection causes
ixture. The en
njection and s
n share. 

20=Mass of B2

 B20 Energy

ydrogen Ene

nergy Share vs.H

is has shown 
crank angle va

Pdv  /1][1

γ is the ratio 
e Hohenberg e

TABLE

Make 
ower 
d stroke 
ssion ratio 
r capacity 
ometer 
diameter 

eter 

III. RESUL

f 200, 220, and
nd 15 liters pe
missions are e

ction approach
ergy allocation
om the fig.2 s
ent injection o

more from 200
figure 3 show
s better mixin

nergy share pe
supplement fu

20 x Lower he

y share
E

ergy share

H2 Flow rate       

below equati
ariation on 10

Vdp [1/ 
of specific he
equation for w

E II: Engine Speci

K
3.7 kW, 
80 mm x
16.5:1 
553 cc 
Eddy cur
20 mm 
Diesel an
Exhaust 
Water co
Hand cra

LTS AND DIS

d 240 bar inje
er minute hyd
evaluated at 10

h working in
n of a fuel gen
shows the dif
operating pres
0 to 240 bar 

ws hydrogen f
ng of pilot fu

ercentage of B
uel in equatio

eating value o

Energy of B2

Energy of

   
                          

on 1, which i
00 cycles. 

qw]

eats, v the inst
wall heat trans

ifications 

Kirloskar AV
1500 rpm 

x 110 mm 

rrent dynamom

nd hydrogen
gas calorimet

ooled engine
anking and au

SCUSSION

ection operatin
drogen at cons
00% load. 

n this experim
nerally attains 
fference of B2
ssure. In this 
of IOP enum

flow rates decr
uel and suppl

B20 as defined
on (1), and th

of B20 

  20

20 Energy

  

f B20 Ene

            Figure 3 H

is used to calc

 

tantaneous vo
sfer [11]. 

V-1 

meter 

ter 

uto start 

ng pressure (IO
stant speed of 

ment for break
on fuel utiliza

20 energy sha
investigation 

merated at ful
reases with in
lement fuel w

d the ratio of e
he equation (2

 100

y of Hydroge

  100

rgy of Hydr

H2 Energy Share

culate the hea

(1) 

lume of the c

OP) analyzed 
f dual fuel mo

kthrough the 
ation, calorifi

are with hydro
acknowledge

ll load in all 
ncreasing pres
which makes 
energy of pilot
2) used to cal

en
 

0

ogen
 

e vs. H2 Flow Rat

at releases 

ylinder, P 

with B20 
de engine 

improved 
c value of 
ogen flow 
ed that the 

operating 
ssure. The 
complete 

t injection 
culate the 

 
te 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Kursam Krishna et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i3/170903S072 Vol 9 No 3S July 2017 465



B. Perfo

The brak
operating
B20+10lp
24.99, 25
15lpm of
load. Thi
leads to 
hydrogen

                  

From 
test fuels
of pure d
while for
240 bar I
combusti
additiona

C.Combu

From 
and vario
B20+5lpm
were 50.
operating
preceded
in peak p

Fig 6 Comp

ormance Para

ke thermal eff
g pressure. Th
pm, and B20+
5.59, and 27.9
f flow rates w
is is caused by
rapid heat re

n has a very sm

         Figure 4 Co

figure 5 demo
s indicates dec
diesel, B20, B
r 240 bar were
IOP with B20
ion [13]. BSF
al energy. 

ustion Parame

the figures 6,
ous test fuels a
m, B20+10lpm
95, 51.95, 53

g pressure ma
d by appropria
pressure is due

parison of Cylind

meters 

ficiency (BTE
he brake ther
+15lpm are 2
90%. The brak
with diesel bas
y enhanced co
eleases rates 
mall gap-quen

omparison of BT

onstrates the 
clined with in
B20+5lpm, B2
e 0.36, 0.34, 0
0+15 lpm of h
FC decreases 

eter 

, 7 and 8 dem
at 100% load 
m, and B20+1
.29, 54.15 an
ay be attribu

ate atomization
e to more ener

der pressure vs. C

E) of various f
rmal efficienc

21.61, 23.06, 2
ke thermal ef
se line pressu
ombustion rat
and improve

nching distanc

E vs. IOP           

variation in b
ncrease in IOP
20+10lpm, an
0.32, 0.31, 0.2
hydrogen. Th
with increas

monstrates the 
condition. Th

15lpm are 50.
nd 54.42. The 
uted to the sm
n [14] and pre
rgy release rat

Crank Angle at 20

fuels is demon
cy at 200 bar
23.16, 24.23, 
fficiencies of 
ure of 200 bar
te. The propag
es the brake 
ce thus allowin

   
                          

brake specific 
P. The brake s
nd B20+15lpm
27 Kg/kW-hr.

his is due to th
ing IOP beca

variation of c
he cylinder pre
57, 50.83, 54
raise in Cylin

maller delay 
emixed combu
te. 

    
0 bar          Fig 7

nstrated below
r for test fue
and 26.04%, 
diesel, B20 an
r were seen in
gation of flam
thermal effic

ng complete fu

           Figure 5 C

fuel consump
specific fuel c
m are 0.37, 0
. The minimum
he higher mo
ause of the im

cylinder press
essure at 200 b
.49, 54.55, an
nder Peak pre
period due t
ustion. In a du

Comparison of C

w figure 4 as 
els of pure di

while for 240
nd B20 with 
ncreased with
me through th
ciency. Efficie
fuel combustio

Comparison of B

ption (BSFC) 
consumption a
.36, 0.35, 0.3
m BSFC 0.27
st heat liberat
mproved com

sure vs. crank
bar for test fu

nd 55.03, whil
essure from 20
to increase in
ual fuel engin

Cylinder Pressure

a function of
iesel, B20, B
0 bar are 22.9
hydrogen at 5

h increase IOP
e hydrogen-ai
encies improv
on [12]. 

SFC vs. IOP 

with IOP for
at 200 bar for 
33 and 0.30 K
7 Kg/kW-hr ob
te during the 

mbustion and 

k angle at diff
uels of pure di
le at the IOP o
00 to 240 bar
n cylinder tem
ne the tendenc

e vs. Crank Angle

f injection 
B20+5lpm, 
90, 23.58, 
5, 10, and 
P at 100% 
ir mixture 
ved since 

 

r different 
r test fuels 
Kg/kW-hr, 
btained at 
premixed 
supply of 

ferent IOP 
esel, B20, 
of 240 bar 
r injection 
mperature 
cy of raise 

 
e at 220 bar 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Kursam Krishna et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i3/170903S072 Vol 9 No 3S July 2017 466



    Fig. 8 Co

From t
IOP and 
B20+5lpm
were 58.
because o
incylinde

        Fig. 10

D. Emiss

The di
bar is 0.2
15 lpm o
dual fuel
reduces. 
hydrogen
emission
and 0.25
because o

omparison of Cyl

the figures 9, 
various test 

m, B20+10lpm
31, 60.17, 61
of more incre
er peak pressu

0 Comparison of 

sion Paramete

isparity of CO
29, .27, 0.22, 
of flow rate. T
 operation bec
The hydrogen

n significantly
n. The CO emi

, 0.23, 0.06, 
of complete co

linder Pressure vs

10 and 11 dem
fuels at 100%
m, and B20+1
.72, 63.39 an

ease of pilot fu
ure raises subs

NHHR vs. Crank

er 

O emission wit
0.17, and 0.15
The CO emis
cause of  the p
n energy share
y improves th
issions at 100%
0.02 and 0.0
ombustion of 

s.Crank Angle at 

monstrates the
% load conditi
15lpm are 56.
nd 68.37. NHR
uel in the com
sequently the p

k Angle at 220 ba

th the IOP is d
5 for the test 
sion for the K
presence of o
e increases wi

he many igniti
% load for IO

004% vol resp
the minor dro

    
240 bar           Fi

e variation of 
ion. The NHR
58, 56.66, 58
RR increases 

mbustion cham
peak value of 

      
ar                      Fi

described in F
fuels of pure 

KOME operat
xygen in KOM
ith significant
ion centers in

OP of 220, and
pectively. CO
oplets [17].  

g .9 Comparison 

Net Heat Rele
RR at 200 ba
.31, 60.17, an
from 200 to 

mber, the com
heat release r

ig.11 Comparison

Fig. 12. CO em
diesel, B20, a
tion is consid
ME, gives a c
tly reducing th
n the combust
d 240 bar is 0.

O emissions re

of NHHR vs. Cr

ease Rate vs. 
ar for test fue
nd 62.73, whil

240 bar injec
mbustion period

ate also increa

n of NHHR vs. C

missions at 100
and B20 with 
erably lower 

complete oxid
he CO emissio
tion chamber 
28, 0.27, 0.16
educe from IO

ank Angle at 200

crank angle at
els of pure die
le at the IOP o
ction opening
d is shortened
ases [16]. 

Crank Angle at 24

0% load for IO
hydrogen at 5
than that of d
ation of CO, h
ons. The supp
and gives a l

6, 0.11 and 0.0
OP of 200 to

 
0 bar 

t different 
esel, B20, 
of 240 bar 
 pressure, 

d [15], the 

 
0 bar 

OP of 200 
5, 10, and 
diesel and 
hence CO 

plement of 
lower CO 
048 % vol 
o 240 bar, 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Kursam Krishna et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i3/170903S072 Vol 9 No 3S July 2017 467



                  

     The
of 200 ba
at 5, 10, 
emission
behind th
9.18, 8.6
reduce fr
complete

The va
200 bar i
10, and 
concentra
volumetr
1262 ppm
200 to 25
elevated 

                  

The va
200 bar i
and 15 lp
to shorter
HC emis
21% vol 
cylinder w

 

 

 

 

   Fig.12 Compar

e difference o
ar is 9.68, 8.95

and 15 lpm 
n. While the ad
his is due to co
65, 8.37, 7.87,
rom IOP of 2
e combustion. 

ariation of NO
is 829, 950 10
15 lpm of flo
ation in B20. 
ric efficiency. 
m and 886, 99
50 bar, becau
pilot injection

 Fig.14 Comparis

ariation of HC
is 152, 119, 73
pm of flow rat
r ignition dela

ssions at 100%
respectively.

wall temperat

rison of CO emis

of CO2 emissio
5, 8.75, 7.98, 
of flow rate.

ddition of hyd
omplete comb
, and 7.18 % 
200 to 240 b

Ox emission w
027, 1134, and
ow rate. The 
While the ind
The NOx em

98, 1069, 118
use of fast com
n pressure. 

son of NOx Emis

C emission w
3, 46, and 29 
te. The higher
ay. While add
% load for IOP
 HC moderat
tures reduces i

sion vs. IOP        

on with the IO
and 7.43 % v
. Bio diesel i
drogen to the 
bustion [18]. T
vol. and 8.51
ar due to the

with the IOP is
d 1245 ppm fo

NOx emissio
duction of hyd

missions at 100
9, and 1326 p
mbustion and 

ssion vs. IOP      

with the IOP is
% vol for the

r cetane numb
ding hydrogen 
P of 220, and
ted from IOP 
in quench laye

     
                          

OP is illustrate
vol for the test 
s oxygenated
blend B20 wh

The CO2 emis
1, 8.12, 7.91, 
e better mixin

s illustrated in
or the test fuel
on increase w
drogen to B20
0% load for IO
ppm respectiv

more in-cylin

    

                           

s illustrated in
e test fuels of p
ber and atomiz

with differen
d 240 bar is 1

of 200 to 24
er. 

       Fig.13 Comp

ed in Fig. 13. C
fuels of pure 

d fuel, which 
hich shows de

ssions at 100%
7.45 and 6.95

ng and proper

n Fig. 14. NOx
ls of pure dies
with increasin
0 increases the
OP of 220, and
ely. Concentr
nder gas temp

          Fig.15 Com

n Fig. 15. HC
pure diesel, B
zation of B20 
nt proportions 
12, 74, 45, 29
40 bar, becaus

parison of Carbon

CO2 emission
diesel, B20, a
burns clearly
ecrease of CO

% load for IOP
5% vol respe
r utilization o

x emissions a
sel, B20, and B
ng IOP is due
e cylinder tem
d 240 bar is 84
ration of NOx
perature, peak

mparison of HC E

C emissions at
B20, and B20 w

results decrea
cause faster r

9, and 22% an
se of accurate

n dioxide vs. IOP

ns at 100% loa
and B20 with 

y to produces 
O2 emission, t
P of 220, and 2
ctively. CO2 

of air. This re

at 100% load f
B20 with hydr
e to the highe

mperature due 
41, 964, 1032

x increases fro
k pressure reac

Emission vs IOP 

t 100% load f
with hydrogen
ase in HC emi
rate of combus
nd 108, 58, 39
e combustion 

 
P 

ad for IOP 
hydrogen 
less CO2 

the reason 
240 bar is 
emissions 
esulted as 

for IOP of 
rogen at 5, 
er oxygen 
to drop in 
,1149 and 

om IOP of 
ched with 

 

for IOP of 
n at 5, 10, 
ission due 
stion. The 
9, 27, and 
and high 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Kursam Krishna et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i3/170903S072 Vol 9 No 3S July 2017 468



IV. CONCLUSION 

A single cylinder compression ignition diesel engine was operated successfully using B20 as pilot fuel and 
hydrogen as introduced fuel at unlike injection operating pressures. Tests carried out at 200, 220, and 240 bar 
IOP point out that 240 bar IOP is most favorable pressure for improved performance, combustion and smallest 
amount emissions. The following conclusions are recapitulated based on the experimental results acquired for 
hydrogen operated engine with B20 as pilot fuel injected with 240 bar injection operating pressure and 
contrasted to pure diesel operation at base line injection opening pressure of 200 bar at 100% load. 

 B20 and B20 with hydrogen can be directly used in diesel engines with or without any modifications. 

 The maximum BTE of 27% was observed at IOP of about 240 bars and at 100% engine load. BTE was 
found lowest at 200 bars. 

 B20 with 15lpm of hydrogen reduces BSFC by 27%. Brake specific fuel consumption was 
continuously decreasing with the increase in IOP. Minimum brake specific fuel consumption was 
noticed at 240 bars and BSFC was found maximum at 200 bar of injection operating pressure. 

 Peak cylinder pressure and Net heat release rate was detected at 240 bar of IOP. 

 Compared with pure diesel, exhaust emissions of CO, CO2 and HC are reduced while NOx emissions 
are increased with B20 and B20 among hydrogen with diesel. 

Experimental analysis exposed that the supply of 15 lpm hydrogen in direct injection diesel engine running 
on B20 and operated with increased injection operating pressure of 240 bar gives maximum brake thermal 
efficiency than at 200 bar. Also, HC and CO emissions are reduced at the penalty of increased NOx emissions 
than that of diesel fuel operation 
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