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Effects of Inlet-Manifold Water Addition
on the Performance of Kerosene Engines

&2 oW M K EEX
Yi, Chun Woo - Ryu, Kwan Hee

Summary

This study was carried out to investigate the possibility of improving the performance
of a kerosene engine with water addition. The engine used in this study was a single-
cylinder, four-cycle kerosene engine with the compression ratio of 4.5. Water could be
successfully added into the inlet manifold by an extra carburetor for the volumetric ratios
of 5,10, 20, and 30 percents.

Variable speed tests at wide-open throttle were performed for five speed levels in the
range of 1,000 to 2, 200rpm for each fuel type. Volumetric efficiency and brake specific
fuel consumption were determined, and brake thermal efficiency based on the lower heats
of combustion of kerosene was calculated. To examine variation in fuel consumption, CO
concentration, and ccoling water temperature, part load tests were alco performed.

The results obtained are summarized as follow.

(1) Brake torqgue increased almost in proportion to volumetric efficiency. But the ratio of
increase in torque was greater than that of volumetric efficiency. Mean torque over
the cpeed range of 1,000 to 2, 200rpm increased 1,3,7, and 2 percents for 5,10, 20,
and 30 percents water addition, respectively. The increase in brake torque with water
addition was greater at lower speeds.

(2) Mean brake specific fuel consumption over the speed range of 1,000 to 2,200rpm
decreased 1,2,3, and 3 percents for 5,10,20, and 30 percents water addition, respec-
tively.

(3) Mean temperature of cooling water over the speed range of 1,000 to 2, 200rpm decre-
ased 2,4,8, and 12 percents for 5, 10, 20, and 30 percents water addition, respectively.

{4) The effects of decreasing CO concentration in the exhaust emissions with water add-
ition were significant, At the speed range of 1,000 to 2, 200rpm, CO concentration in
the exhaust emissions decreased 2, 10,23, percents for 5,10, and 20 percents water
addition, respectively.

(5) Deposits were not discovered in the combustion chamber during the experiment. How-

ever, a little rust was formed in the water-supply carburetor.
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Fig. 1. Schematic diagram of engine test apparatus used in the experiment.
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Table 1. Specifications of the engine used
in the experiment

Item

Specification

Table 2. Specifications of testing equipment
and measuring instruments

Item Maker & model Remarks

Maker & model
Type

Bore x stroke (mm)
Total displacement

(cm?)
Maximum output
(ps/rpm)
Continuous rated
output (ps/rpm)
Maximum torque
(kg.m/rpm)
Starting method
Fuel

Compression ratio
Cooling system

Dae Dong, NK80

4 cycle, water cooled, 1
cylinder

20X 105

667

1172, 200

8/2,000

3.87/1,800

Handle stariing
Kerosene (gasoline for

starting)
4.5:1

" Condensor type

) g }D
LJ \
L cen | sr | 1500 j
; ; -

1. Iron-constantan thermocouple (¢ 1.0)
2. Sleeve
3. Extension lead wire
Fig. 2. Thermocouple used to measure tem-
perature of cooling water.
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Prony brake —_ | Diameter : 220

mm
Air orifice — Orifice coeffici-
ent ; 0. 63
Air surge tank — Volume: 2x48.1
liters
Scale Keum Sung Resolution : 0. 0!
. kg

Fuel measuri- — Resolution : 2 cc

ng burette

Water measu- — Resolution : 1 cc

ring burette

Horiba. MEXA | Resolution : 0.1
201 %

Thermocouple |Woo Jin, IC 1 ¢
Chart recorders/p, 252 A/MM

CO analyzer

Table 3. General specifications of kerosene:

Requirement Specification
Specific gravity 0.783
Sulfur content, % by weight 0. 045
Flash temp., °C 46,0
Colour, Sayholt +29
Corrosion, Cu strip 1-a
Distillation, °C
First drop 146.2
End point 238.4
102 177.0
50 195.6
90% 220.1
959 228.1
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Table 4. Comparison of volumetric ratio of
water to fuel between the desired-
and observed values

(%esired . ob‘:s:{l:;ed difference standard
value(%) (mean) deviation
0 0 0 0
5 6.5 1.5 0.35
10 11.4 1.4 0.28
20 22.0 2.0 0.71
30 33.0 3.0 0.35

Table 5. Mean values of the engine test results in the speed range of 1,000 to 2,200rpm (I)

Fuel /8 Torque BSFC Ny T,
ue % Index kg.m Index g/ps.hr Index % Index °C Index

Kerosene 77.24 100 3.21 100 363.37 100 16, 81 100 80.0 100

5¢; water 77.58 100 3.25 101 361.55 99 16,87 100 78.6 98
102 water 77.90 101 3.32 103 357.21 98 17.08 102 76.8 956
20¢; water 78.49 102 3.42 107 357.70 98 17.07 102 74.8 94
30#% water 76,06 98 3.27 102 351.90 97 17.40 104 70,4 88
7, . Volumetric efficiency Amb. temp. : 27°C

BSFC : Brake specific fuel consumption
7, . Brake thermal efficiency
T, : Temperature of cooling water

Table 6. Mean values of the engine test results in the speed

Relative humidity ; 67.0%

range of 1,000 to 2,200rpm (II}

Fuel Ny Torque BSFC Ny T,
Fue % Index kg.m Index g/ps.hr Index % Index °C Index
Kerosene 73.79 100 .2 100 404, 88 100 15.0% 100 78.10 100
5¢; water 74.81 101 3.25 101 400.70 99 15.21 101 76.98 99
102 water 76,27 103 2.32 103 392,00 97 15.54 103 75.66 97
20¢; water 77.19 105 3,42 107 390, 27 96 15.71 104 72.57 93
30¢; water 76.04 103 3.27 102 390. 14 96 15,66 104 69.30 89
Amb. temp. : 16.0°C

41—

Relative humidity : 68.02
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Table 7. Experimental data of air-fuel ratio
at full load

E;eiiine Water addition

(rpm) 0% 59 10 20% 30%
2,200 10.85 11.04 11.04 11.07 11.49
1,900 10.56 10.73 10.63 10.53 10.54
1,600 11,13 10.96 11.04 11.54 10.85
1,300 10.60 10.49 10.49 1C.52 10.50
1, 000 10.04 10.14 10.42 10.07 10.65
Mean 10.64 10.47 10.72 10.73 10.81
Stoi.

A/F 15,02 15,02 15,02 15.02 15.02
o* 1. 41 1.41 1.40 1.39 1.39

*Equivalence ratio
stoichiometric air-fuel ratio
actual air-fuel ratio

Fuel Ne Torque BSFC Ny T,
ue % Index kg.m Index g/ps.hr Index % Index °C Index
Kerosene 75.52 100 3.21 100 384.13 100 15.94 100 80.0 100
52 water 76.20 101 3.25 101 381.13 99 16.04 101 78.6 98
102 water 77.09 102 3.32 103 374.61 93 16. 31 101 76.8 96
209 water 77.84 103 3.42 107 373.99 97 16. 39 103 74.8 94
309 water 77.05 102 3.27 102 371.02 97 16.53 103 70.4 88
$ate Bl Fol BRY 2&F WEI AL
Ef, EEFEE Q Aoz Hekd,
_ 2% 32 £ g g w2 B
#z 8l &= 1,000~2,200rpme] EEHE A £H

AN TelEnEe

A B whe) o] BEYES LGS FHT A
$o wleld 5,10,20,30% 9 EL M £
1,2,3,2% &inetgd =,

£ [ffinel =& B

AN HL K dAdem

B;’

ﬁﬂ i?FE

olz A3te TR HWE
ol Bins i

=4
=

vE 2

so] i@

%9 & M KAAE

sLeh, Fel

B/ine Eo] MEE

wo] i@bus}
-t— ﬁ%%% Holthrs} 3049 EL ﬁfmu B oA B

9] #LE Vel Aok, Arled A E
2} &IE(2,200rpm) & BRAYel

R S MINE BEMES

B ol
EE HEAA &

hnelgl et

ZEo] A EAY HlRE F HNE U &
B RAE K] A1 HES
wHEN Aoz i},

ol 3

% 88

=R o B

1,000~2,200rpme] HE &Eel A A
R B T HEEe=

E

vy 2
ol HE uhst o] FEeaE HGME

e, %

R



Az e BREAN

E Mot Axldggd m A=

e

Torque, Kg-n

ome 0% water anb. temp. : 16°C
PO Anb. pressure : 1917mbar,
e 10%
— 201 .
— 300
9¢
be
7
5
5
3
S
2 sor
3
o
b
.
E
£ 70
60
1000 1390 1600 1900 2200

Engine speed, rpm

Fig. 3. Effects of water addition on volum-
etric efficiency of the engine at full
load.
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Fig. 5. Effects of water addition on brake
specific fuel consumption of the
engine at full load.

Fig. 6. Effects of water addition on brake
specific fuel consumption at part
load (1,680rpm)
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Fig. 7. Effects of water addition on cooling
water temperature of the engine at
full load.
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Fig. 9. Effects of water addition on CO
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ons at part load.
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Table 9. Mean values of CO concentrations
among the exhaust emissions in
the speed range of 1,000 to 2,200-
rpm at full load

Engine Water addition

speed ~ 52, 02 R
(rpm) 09 252
2,2C0 7.65 7.55 7.27 5.70
1,900 7.25 7.13 6.76 5.40
1,600 7.90 7.75 6.75 6.75
1, 300 7.65 7.45 6.76 6.34
1,000 7.15 7.10 6.55 &, 27
Mean 7.52 7.39 6.82 5,39
Index 100 102 110 123
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