
Investigation On Thermal Performance And Pollutants Emissions of Diesel Engine Operated With Hydrogen Blended Fuel

Appendix - II

Experimental Data

Appendix II gives the experimental data for few chosen test runs carried out to study the 

thermal performance and exhaust gas emission constituents for two different cases, viz., 

experimental study with diesel, diesel-hydrogen inducted at inlet manifold and diesel/DMM 

blends and hydrogen inducted at inlet manifold of the compression ignition engine.
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rĈN 26
6

26
0

25
8

25
5

'2
53 i—4toCN 25

2
| 

25
3

25
3

25
2 r—4

IT)CN 24
9

25
0

25
0 

|

mCM 22
3

tso£
a
a
3 i—4 1—4 a\1—4 22 25 27

i 
29 i—tm

| 
33

co

CO 33 35 00co 39 •*3- 42 43 o 39

oCO

(uidd) CN cn ms- M3 00 M- o\
?—4 24 OOCN

| 
32 36

| 
43 50

 
!

56 62 69 75 82 OOOO

n
u
u
H

£ 0.
13

0.
20

i 
0.

20
0.

20 oCM
d

OCM
o

oCM
d 0.

21
0.

21
0.

21
! 0.21 0.

21
0.

21
| 0.22 0.

22
0.

23
0.

23
 

j

0.
23

0.
23

 
|

fSow 7.
49

7.
53

7.
56

7.
53

7.
49

6n 
|

7.
49

7.
49

7.
49

6YL 7.
49

7.
57

7.
64

7.
60

7.
56

7.
53

7.
49

7.
53

7.
56

C
O ,-"»SN?0sw

o
o 0.

05
0.

05
0.

07
0.

08

oro
iro

0.
13

0.
14

sro
91'0 0.

18
0.

19
0.

21
0.

22
0.

23
0.

25
0.

25
0.

25

o
C®
eN
,w'

o00
o
1—4 10

.7
5

10
.7

0
10

.7
5

10
.8

0
10

.8
0 o00

o*—4

tooo
o 10

.9
0

10
.7

5
10

.6
0

10
.6

0
10

.6
0

10
.6

5 oe-~
o 10

.7
5 oood

i—4 10
.7

5
10

.7
0

H
yd

ro
ge

n 
in

du
ct

io
n 

ra
te

(l/
ra

in
)

o i—4 CN cn *o vo oo Ov o
r—t

i-H
t—4

CN
1—H COt—4 M-1—H tn

i—^
M31—4 C"1—4 00

N
O 1—4 CM cn to r- 00 o\ o1—4

i—4 CM
1-^ COi—4 t—4 to1—4

M3 C-*1—4 001—4
ON
c '■ 4

Ta
bl

e A
II

-4
0 

Co
ns

tit
ue

nt
 G

as
es

 o
f E

xh
au

st 
Em

iss
io

n f
ro

m
 C

om
pr

es
si

on
 Ig

ni
tio

n 
En

gi
ne

 R
un

ni
ng

 o
n 

H
yd

ro
ge

n 
- D

ie
se

l D
ua

l
Fu

el

1-
 

F
ue

l: 
D

ie
se

l w
ith

ou
t a

nd
 w

ith
 H

yd
ro

ge
n 

In
du

ct
io

n
2-

 S
pe

ed
: 1

50
0 

rp
m

3-
 L

oa
d:

 a
t 2

.0
 A

m
p.

Ap
pe

nd
ix

-I
I 

28
9



Th
e V

al
ue

s o
f n

tf,
 E

/a
re

 ca
lc

ul
at

ed
 de

pe
nd

s o
n 

90
%

 d
ie

se
l +

 1
0%

 D
M

M

1u
H SL,

0000
1>oo 89

.9
0

90
.8

0
89

.7
8 1

91
.1

2
1 92

.5
6 |

B
SE

C
M

J/
kW

h

o o o o o o

OCM

O
oo
o

oo
o 0.

30
0.

19 On
©

V
ol

um
et

ric
 E

ffi
ci

en
cy

 (t
iv

o1
.)

> ^
pr - \18.6

7 1
86

.5
3

86
.2

9
85

.2
1

81
.1

3
| 80.

53
 1

Dro ✓-s« O 4S
> x *

vo

00 18
.6

1
18

.6
1

12
.4

1
12

.4
1

1 12.
41

I
o>

>“x S.

| 16.
50

 !
1 16.

10
 |

1 16.
06

 |
1 10.

57
 |

1 10.
07

 1
OS
On
On

o ^
«—t CO
•S *

| 18.9
9 | o

vyod

j 18.4
5

! 12.3
2

| 11.4
6

I 11.3
7

s
(m

m
)

00 int- oVO
vo
vo

‘3Q.

-b SesQ. bi>
tryT—t

*—*
vyi—t in vo

f.. <

VS V)
r—t

firj

H-C

| 28
.4

8 |
| 28

.8
8 1

I 28
.9

5 |
I 28

.3
4 |

| 28
.6

7 1
| 28

.7
1 ;

1 
B

ra
ke

 T
he

rm
al

 E
ffi

ci
en

cy
 (t

ih
to

)

--vh so
CQ 0s- 

pr w
o o o O O o

In
pu

t P
ow

er
 (I

P)

11
05

6
| 

10
85

3
1 

10
85

1
1 

10
90

9 
1

1 
96

02
94

38

S' o
o
o r..4

CO o©
©

t—i
"'J*
cn
r"{

1

11
.0

6 1 OO
VD
OS

wS

Os

| 10.9
0*

 I
9.

59
* Vi

ON

VOO /-s 
T~t 50

’Lid*

•s w
o
'O
CM

OO
CM
CM

CM
CM

►
vo
CM

It
vy
<r>
CM

t

CO
CM

B
ra

ke
 P

ow
er

 (B
P)

B
P

(W
)

o o O o o o

ffl & o o o o o o

H
yd

ro
ge

n 
In

du
ct

io
n 

R
at

e

vo
O ^r—( COx a
£ w

oo
©

OO
On r-H

o
p
©

oo
OS 11

.1
7

(1
/m

in
)

o r-~ OO o r- OO

1-
 

F
ue

l: 
D

ie
se

l/D
M

M
 w

ith
ou

t a
nd

 w
ith

 H
yd

ro
ge

n 
In

du
ct

io
n

2-
 S

pe
ed

: 1
50

0 r
pm

3-
 L

oa
d:

 a
t N

o L
oa

d

Ta
bl

e A
II

-6
1 T

he
rm

al
 P

er
fo

rm
an

ce
 D

at
a f

ro
m

 C
om

pr
es

sio
n 

Ig
ni

tio
n 

En
gi

ne
 R

un
ni

ng
 o

n 
H

yd
ro

ge
n 

- D
ie

se
l D

ua
l F

ue
l

Ap
pe

nd
tx

-I
I



Ta
bl

e A
II

-6
2 

Th
er

m
al

 P
er

fo
rm

an
ce

 D
at

a f
ro

m
 C

om
pr

es
sio

n 
Ig

ni
tio

n 
En

gi
ne

 R
un

ni
ng

 o
n 

H
yd

ro
ge

n 
- D

ie
se

l D
ua

l F
ue

l

29
1

Th
e V

al
ue

s o
f m

/, 
E/

ar
e c

al
cu

la
te

d d
ep

en
ds

 o
n 

90
%

 d
ie

se
l +

 1
0%

 D
M

M

jS /-—■%.SO
H S_, 10

2.
14

10
5.

94
10

4.
64

1 10
4.

45
10

7.
13

1 10
7.

00
 |

B
SE

C
M

J/
kW

h

41
.8

9
38

.6
8

38
.6

3
42

.0
9

35
.6

2
| 34.9

2 |
0.

23
0.

22
0.

22
0.

33
0.

24 <N
©

V
ol

um
et

ric
 E

ffi
ci

en
cy

 (T
iV

oi
.)

i s
p* - 88

.7
2

86
.6

5
86

.4
9

■8
8.

72
86

.6
5

i 86.
49

 ]

O/O ^SO? ,_, m> X & 18
.6

1 1
18

.6
1

| 18.6
1 |

vq
00 18

.6
1

| 18.
61

 |
a

>

I1© 5
w ZL fO

>”x &

| 16.5
1

| 16.
13

1 16.
10

| 16.5
1

| 16.
13

| 16.
10

o ^
X <•> M
.J* ^£ —' 18

.9
8

cO 
?—< 18

.5
1

18
.9

8
| 18.5

4
1 18.5

1

-3"oo SOr- tnr- •^fOO
t

v©
(

r-

Pa
ir

1.
15

 |
1.

15
 |

f 1.15
 |

1.
15

r i.i
5

r i
.i5

!o
H

| 28
.8

2 !
| 28

.6
9 j

I 28
.6

5
[ 27

.9
2 |

| 28
.0

9 |
1 28

.3
5 1

1 
B

ra
ke

 T
he

rm
al

 E
ffi

ci
en

cy
 (%

 t
], )

£ /'*■*•* h vpCQ o'- 8.
59

 1
9.

31
 

1

9.
32

 1
8.

55
 1

| 10.1
1 1

| 10.3
1 |

In
pu

t P
ow

er
 (I

P)

12
69

8 
1

12
86

5
12

88
8 1

12
54

3
11

56
3

11
44

0 
1

/—■S oo
o

r-' 
*—< 1.

34 op
o 1.

17
1.

34

a
'w' 12

.7
0

| 11.
69

11
.5

5
12

.5
3’

11
.5

5’
11

.4
3*

NOO*“H t/>

•£ w

29
9 

1

27
5 ZLZ oCO

cn
oo<N

o00tN

B
ra

ke
 P

ow
er

 (B
P)

P-( Om g, 10
91

 
1

11
97 ors

T“H 10
73

11
69

11
79

B
F

(N
)

30
.2

1
32

.8
6

33
.1

6
29

.7
1

32
.3

6
32

.6
6

H
yd

ro
ge

n 
In

du
ct

io
n 

R
at

e
m

'H
2>

<1
06

(K
g/

s) oo
o

OO

Q\

C"*
r—

000 9.
78

z,rn

(1
/m

in
)

o 00 o oo

1-
 F

ue
l: 

D
ie

se
l/D

M
M

 w
ith

ou
t a

nd
 w

ith
 H

yd
ro

ge
n 

In
du

ct
io

n
2-

 S
pe

ed
: 1

50
0 r

pm
3-

 L
oa

d:
 A

t 0
.5

Am
ps

.

Ap
pe

nd
ix

-I
I



Th
e V

al
ue

s o
f m

/, 
E/

ar
e c

al
cu

la
te

d d
ep

en
ds

 o
n 

90
%

 d
ie

se
l +

 1
0%

 D
M

M

fu
H w

in
(N 13

1.
36

13
0.

80
12

3.
33

13
3.

12
[ 13

3.
78

 1

B
SE

C
M

J/
kW

h ZYSZ 23
.0

5
23

.0
2

24
.7

4 9EIZ
| 20.9

0 |

CNm
o | 0.3

0 1 OCO
o 0.

42
0.

34 rtf-

md
V

ol
um

et
ric

 E
ff

ic
ie

nc
y 

(il
vo

i.)

? S' 
r “

| 88
.1

9 |
i 85.

59
 1

| 85.
46

 1
88

.1
9

85
.5

9

rt
inOO

CfO
p m> x S

V©
OO

| 18.
61

 j
1 18.

61
 |

18
.6

1
18

.6
1

| 18.
61

 |
13

>8

2*0 5?
o m> X ^

| 16.
41

 |
! 15.

93
 |

r—<
Os

iny*“< 16
.4

1
15

.9
3

15
.9

1
o ^«—• inx « ~oo
■s ^

| 18.8
8 |

[ 18.3
3 |

[ 18.3
1 1

18
.8

8
18

.3
3

18
.3

1

S
(m

m
)

CN00r~H
CN CNOO

*—t 17
2 ; f—4

Pa
ir

■S S
Cl'S))

! 
1.

15
 |

| 
1.

15
 |

1 1.15 
1

SYl 1.
15

1.
15

la
H

I 28
.5

2 |
| 28

.4
0 |

| 28
.3

6 |
29

.0
3

29
.3

4
29

.8
7

B
ra

ke
 T

he
rm

al
 E

ff
ic

ie
nc

y 
(ri

B
.T

h.
)

£ O' 
m 0s- • tr w

i 14.3
3 1

| 20.4
5 j

| 20.4
7 |

14
.4

5
16

.9
0

17
.1

0

In
pu

t P
ow

er
 (I

P)

17
79

7.
59

 |
16

85
0.

79
 I

!  169
00

.6
8 |

17
40

5
15

36
3

15
24

0 i

J

(k
J) oo

o 1.
17

 I
1.

34
 ] 000

| 1.1
7

1.
34

 |

sr

17
.8

0 1
15

.6
8

i 15.
56

17
.3

9* *inCCS
in 15

.2
2*

SOO ^*-H f/>

■s

41
9 

1

36
9

36
6

42
6*

37
6* CO

co

B
ra

ke
 P

ow
er

 (B
P)

| 
25

51
 

1

34
46

26
32

25
33

26
14

26
25

B
F

(N
)

70
.6

3 1
72

.8
9

73
.1

8
70

.1
3

72
.3

9
72

.6
8

H
yd

ro
ge

n 
In

du
ct

io
n 

R
at

e SOo ^I CAX 'Sb

£ w

ood

! 
9.

78

LYW 
!

oo
o 9.

78
11

.1
7

(1
/m

in
)

o f- 00 o OO

1-
 F

ue
l: 

D
ie

se
l/D

M
M

 w
ith

ou
t a

nd
 w

ith
 H

yd
ro

ge
n 

In
du

ct
io

n
2-

 S
pe

ed
: 1

50
0 

rp
m

3-
 L

oa
d:

 a
t 1

.0
 A

m
ps

.

Ta
bl

e A
II

-6
3 

Th
er

m
al

 P
er

fo
rm

an
ce

 D
at

a f
ro

m
 C

om
pr

es
sio

n 
Ig

ni
tio

n 
En

gi
ne

 R
un

ni
ng

 o
n 

H
yd

ro
ge

n 
- D

ie
se

l D
ua

l F
ue

l

Ap
pe

nd
ix

-H



Ta
bl

e A
II

-6
4 

Th
er

m
al

 P
er

fo
rm

an
ce

 D
at

a f
ro

m
 C

om
pr

es
sio

n 
Ig

ni
tio

n 
En

gi
ne

 R
un

ni
ng

 o
n 

H
yd

ro
ge

n 
- D

ie
se

l D
ua

l F
ue

l

Th
e V

al
ue

s o
f m

y,
 E

ja
re

 ca
lc

ul
at

ed
 d

ep
en

ds
 o

n 
90

%
 d

ie
se

l +
10

%
 D

M
M

J= /-“*NSO
HO- 17

1.
34

17
8.

93
18

0.
00

17
3.

65
18

0.
45

I 18
0.

90
 |

B
SE

C
M

J/
kW

h

16
.9

3
15

.9
0

15
.8

3
16

.5
1

14
.8

0
| 

14
.7

0 |
0.

51
0.

49
0.

49

190 0.
52

| 0.5
2 |

V
ol

um
et

ric
 E

ffi
ci

en
cy

 (r
uO

1 ? 
p- _ 87

.2
2

| 84
.9

5 | o
00

<N

OO 84
.9

5
1 84.

70
 I

s> o -a 
>SX S

1 18.
61

1 18.
61

 j
18

.6
1

| 18.
61

 |
18

.6
1

| 18.
61

>8

To 5 
> x 3

i 16.
23

 1
°o
IT)

| 15.
76

1 16.
23 OO

in
r~H

| 15.
76

o ^r-H Cfl
x 'Si)
.J*g ^

j 18.8
8 |

| 18.3
1 j

| 18.2
5 j

18
.8

8
| 18.3

1
1 18.2

5

«I o00
r-<

O
r*-

1 169 
j

oOO o

i 
691 

1

Pa
ir

•3J 
q. a>

! 1.16 
1

1 1.16 
|

i 1.16 
|

[ 1.16 [ 1.16 
|

1 1.16 
|

lo1
H

| 25
.1

9 j
| 26

.5
4 |

| 26
.5

4 !
| 26

.7
8

in
d
CN

I 26
.1

1

1 
B

ra
ke

 T
he

rm
al

 E
ffi

ci
en

cy
 (r

ia
 n

, )

£ O- vO
CQ o'*er w

| 21.2
7 1

1 22.6
5_

1

| 22.7
5 1 o00

<N

1 24.3
2 1

24
.4

9 |

In
pu

t P
ow

er
 (I

P)

fcg

28
32

1 
1

27
06

5 
1

; 
26

96
1 

!

I 27538
 

1

1 
25

12
8

24
96

4

'§
oo
o 1.

17
: i.34 Ood 1.

17
1.

34

(PI)

| 28
.3

2 1 C\
00
in
CN

! 25
.6

2

V)
<N 25

.1
0*

<J\

Oi

■o
O ^

P

! 
999 

|

I 
609 

|

60
3 

|

y

r-
V©

»*n
vo

y

VO

B
ra

ke
 P

ow
er

 (B
P)

B
P

(W
)

60
23

 
1

61
29

61
33

60
05

61
11

61
14

pH
« S

1 16
6.

77
 !

16
9.

71
16

9.
81 r*-cs

vd
vo
r-^ 16

9.
21

16
9.

31

H
yd

ro
ge

n 
In

du
ct

io
n 

R
at

e O y-S
—< 45x a>

g -

| 
O

O
’O

00
cK

LYU 
:

ood 9.
78

11
.1

7

(1
/m

in
)

o t'- OO o 00

1-
 

Fu
el

: D
ie

se
l w

ith
ou

t a
nd

 w
ith

 H
yd

ro
ge

n 
In

du
ct

io
n

2-
 S

pe
ed

: 1
50

0 
rp

m
3-

 L
oa

d:
 a

t 1
.5

 A
m

p

Ap
pe

nd
ix

-I
I



Ap
pe

nd
ix

-I
I 

29
4

• The
 V

al
ue

s o
f n

tf,
 E

/a
re

 ca
lc

ul
at

ed
 d

ep
en

ds
 o

n 
90

%
 d

ie
se

l +
10

%
 D

M
M

to
H w

OnOO
<N
(N | 25

0.
12

 I
1 25

0.
99

 1
I 24

4.
29

 1 zvzsz
1 25

2.
78

 1

B
SE

C
M

J/
kW

h

| 
14

.0
3 |

| 
13

.3
7 |

| 
13

.3
2 |

| 13.6
6 |

| 12.5
2 1

1 12.43
 1

O
v£5
O

OO
o

OOvr>
o

o
©

CvJvq
o

vq
©

V
ol

um
et

ric
 E

ff
ic

ie
nc

y 
(T

W
oi

.)

1 £
P “ 86

.4
9 |

84
.9

5 |
84

.4
5 |

| 86.
49

 |
| 84.

95
 1

1 84.
45

 1

1°^
> X S

| 18.
61

| 18.
61

| 18.
61

 |
! 18.

61
 j

! 18.
61

 |
! 18.

61
a

>

Tom
a o
« »—• £ > x 3 16

.1
0

OOvi

f 1
5.

72
[ 16.

10
 i

| 15.
81

 j
j 15.

72
 |

r~I
X m hn<3 jjr
'£ - 18

.7
2 |

| 18.3
1 1

| 18.2
0 ]

j. 18
.7

2 !
[ 18.3

1
| [8.20

S
(m

m
)

C-* o OOVO

*“■*
r-C"- o 00kO

a

■S J3
Q. b£ &

VO kO 
»—1

VO

I—< VO VO
r—<

kO

T—1

lo
H

| 25
.1

9 j
I 26

.5
4 1

I 26
.5

4 | o\oVO

<N

1 26
.7

4 !
| 26

.8
4

B
ra

ke
 T

he
rm

al
 E

ffi
ci

en
cy

 (%
.T

h.
)

CQ cN p-w 25
.6

6 1
26

.9
3 1

27
.0

2 1
26

.3
6 1

28
.7

4 1
28

.9
5 |

i 
In

pu
t P

ow
er

 (I
P)

33
13

0 
1

VO

OOOO
cn 31

79
3 

1

32
19

6 
1

29
82

6
29

62
2

"i
oo
©

*3*cn
T*-*

oo
o

t"- *—«
rf
cq

w 33
.1

3 1
30

.7
1 1

30
.4

5
32

.1
6*

 1
29

.8
0*

29
.5

9*

NO
O
t—< CO o00

!>

m
CN
C-

i—<
C"

t
00

oof- o
*

04
1>

B
ra

ke
 P

ow
er

 (B
P)

Put

85
03

 
1

85
88

85
91

00

oo
00 85

73
85

77

n< o 
m &

1 23
5.

44
 1

23
7.

79
23

7.
89

23
5.

04
23

7.
39

23
7.

49

H
yd

ro
ge

n 
In

du
ct

io
n 

R
at

e

NO
O ^
T—t
x a

:£ w

oo
©

OO
On

| 
LYll oo

©

00

On 11
.1

7

(1
/m

in
)

o oo o 00

Ta
bl

e A
II

-6
5 

Th
er

m
al

 P
er

fo
rm

an
ce

 D
at

a f
ro

m
 C

om
pr

es
sio

n 
Ig

ni
tio

n 
En

gi
ne

 R
un

ni
ng

 o
n 

H
yd

ro
ge

n-
D

ie
se

l D
ua

l F
ue

l

1-
 F

ue
l: 

D
ie

se
l w

ith
ou

t a
nd

 w
ith

 H
yd

ro
ge

n 
In

du
ct

io
n

2-
 

Sp
ee

d:
 1

50
0 

rp
m

3-
 L

oa
d:

 a
t 2

.0
Am

ps
.



Ta
bl

e A
II

-8
6 

Co
ns

tit
ue

nt
 G

as
es

 o
f E

xh
au

st 
Em

iss
io

n f
ro

m
 C

om
pr

es
sio

n 
Ig

ni
tio

n 
En

gi
ne

 R
un

ni
ng

 o
n 

H
yd

ro
ge

n 
- D

ie
se

l D
ua

l

* S O §.
Z a

OOr-H
«nm m

r-H 18
6 CM

mr-H
rH

T“H
(uidd)

O
N CSint—H 89 86 o\Qr*H 0000

| 
98

O | 
Z a 25 46 57 26

 |
44

 
|

55
 

!

n S'
S a

Q,

w

Tj-
r-H 15

5 m00T“H
r-H
r-H

e'­enr-H 00SOr-H

a ^U C®

u w a

00t-H

©
©eN
© 0.

27
\ 

0.
17

0.
23

0.
25

O s?
U w 3.

30
3.

35
.3

.3
7

2.
85

2.
90

2.
95

C
O

(%
) ©od 0.

36
.0

.4
0

0.
06

0.
31

0.
35

A?

o 16
.4

5
16

.3
8

16
.3

5 09'9I 16
.5

0
16

.4
5 |

H
yd

ro
ge

n 
in

du
ct

io
n 

ra
te

 (I
/r

ai
n)

o 00 o OO

W
ith

ou
t

D
M

M

W
ith

D
M

M

1-
 

F
ue

l: 
D

ie
se

l w
ith

ou
t a

nd
 w

ith
 H

yd
ro

ge
n 

In
du

ct
io

n
2-

 S
pe

ed
: 1

50
0 

rp
m

3-
 L

oa
d:

 a
t 0

.5
 A

m
p.

Fu
el

Ta
bl

eA
II

-8
7 C

on
sti

tu
en

t G
as

es
 of

 Ex
ha

us
t E

m
iss

io
n f

ro
m

 C
om

pr
es

sio
n 

Ig
ni

tio
n 

En
gi

ne
 R

un
ni

ng
 o

n 
H

yd
ro

ge
n 

-D
ie

se
l D

ua
l

I 
(uidd)

1 
xO

N

so
M-

rH
or-H
t-H

or-H
rH

00
M-

T—H

a\
o
t-H

0

1 !
rH

O |

z ^

12
0

62

09 <N
rH

! 62 1 62

(uidd)
Z0N 26 47

 
1

48 27 47 48

o S'

o &

GO ft 23

m
t-h
CM 24

6
24

r-H
r-H
CM 24

3

a ^

U Co
w 0s
u w 

a

00
rH
d

i 0.28 0.
29

0.
17

! 
0.

24
| . 0.26

f't s

O
U w 2.

67 r-H

CM 2.
74

2.
57

2.
64 V>

\o

ci

O Co
U c 0.

07
0.

41
| 0.46 0.

06 00
C-l
d 0.

30

c®

o

17
.3

0
17

.2
5

17
.2

0
17

.4
0

17
.3

0
17

.2
7

H
yd

ro
ge

n 
in

du
ct

io
n 

ra
te

 (I
/m

in
)

o c*- OO o o 00

W
ith

ou
t

D
M

M

W
ith

D
M

M

1-
 F

ue
l: 

D
ie

se
l w

ith
ou

t a
nd

 w
ith

 H
yd

ro
ge

n 
In

du
ct

io
n

2-
 S

pe
ed

: 1
50

0 
rp

m
3-

 L
oa

d:
 a

t N
o 

Lo
ad

Fu
el

Ap
pe

nd
ix

-I
I



Ta
bl

eA
II

-8
8 

Co
ns

tit
ue

nt
 G

as
es

 o
f E

xh
au

st 
En

jis
sio

n f
ro

nt
 C

om
pr

es
sio

n 
Ig

ni
tio

n 
En

gi
ne

 R
un

ni
ng

 o
n 

H
yd

ro
ge

n 
- D

ie
se

l D
ua

l
Fu

el

XO
Z a.3 25

9
23

1
22

9
26

0
1 

23
0

23
0

N
O 'i

a
3 24

0

DO OC

| 
23

5
18

3
18

2

fNoz

(uidd) 0s- SO 00rf 25 47 48

rtO
C/D

?
a.3

09 74
 

|

m 56 r

**a
u
V
a

(%
)

0.
15

0.
22

0.
23

0.
13 o

o 0.
21

C-*O
u

(%
) 5.

71
5.

75
5.

75
5.

64 GOq
'O 5.

68

C
O g

0.
05

0.
21

0.
24 •'tod

00
o

O<Nd

r-tO 13
.2

0
13

.1
8

13
.2

0
13

.3
0

13
.2

0
13

.1
0

H
yd

ro
ge

n i
nd

uc
tio

n

|

+■»55
Sm

o r~- GO o r- 00

W
ith

ou
t

D
M

M

W
ith

D
M

M

1-
 

F
ue

l: 
D

ie
se

l w
ith

ou
t a

nd
 w

ith
 H

yd
ro

ge
n 

In
du

ct
io

n
2-

 
Sp

ee
d:

 15
00

 rp
m

3-
 

Lo
ad

: a
t 1

.5
 A

m
p.

Fu
el

Ta
bl

e A
II

-8
9 

Co
ns

tit
ue

nt
 G

as
es

 o
f E

xh
au

st 
Em

iss
io

n f
ro

m
 C

om
pr

es
sio

n 
Ig

ni
tio

n 
En

gi
ne

 R
un

ni
ng

 o
n 

H
yd

ro
ge

n 
- D

ie
se

l D
ua

l& ? 

s &Z a 22
1

17
8

17
5

21
9 'Or- 17
2

O = •5 a
^ 3

GO
on r- — 19

5 no rd

(uidd)
Z(M

23 62 64 24 O

SO a 
ir. S m, 97 12

0

89

—

-rB ^
u s®
w J'

u w‘ 
a

0.
16

0.
22

0.
22

0.
14

6F0 0.
20

g
O
u

3.
93 Oqd

Oqd 3.
75 3.
9

3.
94

C
O

(%
)

0.
06 ofO

o 0.
34 >r>o

o

! 0.24 0.
26

o ^ 15
.6

0
15

.5
0

15
.5

0
15

.7
0 |

15
.6

0
15

.5
0 j

H
yd

ro
ge

n i
nd

uc
tio

n 
ra

te
 (l

/m
in

)

o 00 o r- DO

W
ith

ou
t

D
M

M

W
ith

D
M

M

1-
 

Fu
el

: D
ie

se
l w

ith
ou

t a
nd

 w
ith

 H
yd

ro
ge

n 
In

du
ct

io
n

2-
 

Sp
ee

d:
 15

00
 rp

m
3-

 
Lo

ad
: a

t 1
.0

 A
m

p.

A
pp

en
di

x-
!!



XO
Z

i (ppm
)

29
7

28
4

28
4

o 28
3

I 283
oz

y—Ss
aa.•■w

28
2

25
3

in<N 28
3

25
2 

|

25
0

©
z

s'
aa

ini~—t iH cn 00 r—<m 33

r-4oCO

(m
dd) CN 24 28

 |
T~4

__
_

22
__

_
24

 i
/**s,*rn
u
'w'u
w

Co
0s 0.

20
0.

21
0.

21
0.

18
0.

19
0.

19

MO
u

/*■»*S®0s 7.
49

7.
49

7.
49

W
L

7.
45

7.
45

C
O s

’W
'ito
©

ero 0.
14

0.
03

0.
08

0.
09

Mo
/"■ss©9sW 10

.8
0

10
.8

5 06
’0I

oON

o
o00
o
t-H 10

.7
0

H
yd

ro
ge

n 
in

du
ct

io
n

ra
te

 (I
/m

in
)

o t> 00 o t- 00

W
ith

ou
t

D
M

M

W
ith

D
M

M

[

Ta
bl

eA
II

-9
0 

Co
ns

tit
ue

nt
 G

as
es

 o
f E

xh
au

st 
Em

iss
io

n f
ro

m
 C

om
pr

es
sio

n 
Ig

ni
tio

n 
En

gi
ne

 R
un

ni
ng

 o
n 

H
yd

ro
ge

n 
- D

ie
se

l D
ua

l
Fu

el
!

1-
 F

ue
l: 

D
ie

se
l w

ith
ou

t a
nd

 w
ith

 H
yd

ro
ge

n 
In

du
ct

io
n

2-
 S

pe
ed

: 1
50

0 
rp

m
3-

 L
oa

d:
 a

t 2
.0

Am
p.

Ap
pe

nd
ix

-I
I


