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T h e  oil engine upon which these tests were carried out has a 
single cylinder of 8 |  in. bore and  14 in. stroke. There is one fly
wheel 5 ft. 2 in. d iam eter which is fitted  w ith  a  rope brake to  
take up the power. The norm al speed of the engine is 250 
revolutions per m inute, a t  which speed the  governor comes into 
action, holding open the  exhaust valve and  preventing the 
suction of fresh m ixture until the speed has fallen to  its norm al 
value. The supply of oil to  the  engine is from a g raduated  
tan k  to  an  au tom atic  m ushroom  type valve. The oil passes 
through fine holes in the  seating of the valve, which sim ply 
serves for the adm ission of air. This valve is m ounted a t 
the  top  of a vapouriser kep t h o t by  m eans of a paraffin blow
lam p ; the lower end of the  vapouriser contains the  ignition 
tube. There is no tim ing valve and  ignition takes place 
autom atically  a t  a po int in  the  stroke which is governed 
en tirely  by  the  tem peratu re of the  ignition tube, the com 
position of the  charge, and  the compression in the cylinder.
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150 SOME TEST FIGURES FROM AN OIL ENGINE

The exact natu re  of the contents of the cylinder is thus neces
sarily difficult to  estim ate and  the  problem  is still fu rth e r 
com plicated by the  difficulty of m aintaining th e  firing point 
a t  any  definite fixed period in  the stroke for any  length  of 
tim e. Between the  vapouriser and  the  cylinder itself there 
is a short circular cored passage passing through the  w ater 
jacket b u t no t com m unicating in an y  w ay therew ith. This 
passage is fitted  w ith  an  autom atic valve of special design 
which allows w ater to  be draw n into the cylinder and  m ixed 
w ith  the  oil vapour on the suction stroke of the engine, the 
m ixture of oil vapour and  w ater vapour being compressed 
and  fired on the  re tu rn  stroke of the  engine. The purpose 
of the  w ater injection is to  tone down the  violence of the  
explosion and  prevent the  harsh  m etallic knocking w ithin 
the  cylinder which is such an  objectionable feature of m ost 
paraffin oil engines, and  this it  does m ost effectively. The 
w ater supply comes from a  small tan k  especially g raduated  
for the purpose.

H aving proved th a t  the injection of w ater w ith  the oil 
vapour diminishes the violence of the  explosion, the  question 
arises as to  w hat the  effect is upon the economy of the engine 
in  working. To ascertain  th is the  au th o r had  a series of 
tests m ade upon the engine, keeping the  brake load constant 
and  all o ther conditions as nearly  as possible so, bu t varying 
the  am ount of w ater injected. The results of these tests, 
collected and  worked out, are given in Table I  and  Fig. 1. 
They show th a t the therm al efficiency and  the econo 1113' of 
the  engine quickly decrease as the  am ount of w ater injected 
increases, b u t the  noise and  violence of the explosions get 
less and  less, so th a t quietness of running is secured a t  the 
expense of economy in running costs.

The chemical form ula for w ater being H 20  and  for a paraffin 
CVH^-ohb, some interesting speculation was indulged in 
as to  whether any  dissociation of the H ,0  would occur inside 
the  C3iin d e r during combustion.

I t  seemed to  the  au th o r th a t  if an  approxim ate simple 
analysis was m ade of the exhaust gases, and  if th ey  were 
found to  contain  a m arked difference of nitrogen (or other 
unknow n commodities such as hydrocarbons), when the w ater 
was injected, such evidence would prove whether or no t dis
sociation had  taken  place and  w hether it would be advisable 
to  place the gas analysis in  the  hands of a qualified analyst.
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H e therefore began a series of experim ents ten ta tive ly  by 
himself and, encouraged by the results, proceeded w ith the 
full investigation. In  running the  engine tests the observa-

POUMDS OF W KTER PER POVJNO o r  O'L.

tions were m ade one m inute after each other and  tim ed by 
a stop-w atch ; there being five principal observations it 
took five m inutes to  s ta r t  and  stop a test, the intervening 
period allowing for gas sam pling and  indicating. Fig. 2, 
which is p lo tted  from the observations given in Table 2, shows
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the results obtained from a series of experim ents which were 
m ade under constant conditions. The ou tlet tem peratu re  
of the jacket w ater was kep t a t 100° F ., the load on the brake

P o u n d s  o  f ~ w >\t e . r  p»e : re.  p o q h d  o f - o i i _

a t 50 lb. net, the oil cock J th  tu rn  open and  the same tension 
on the m ixture valve spring all through.

The blow-lamp was kept in  a fixed position below the ignition 
tube and  the flame m aintained as nearly as possible a t  one
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definite intensity . The am ount of w ater injection was varied 
both  by opening the w ater cock and  by releasing the  tension 
on the w ater valve spring. I t  will be observed th a t  the 
results obtained are very  sim ilar to  those shown in Fig. 1, 
except perhaps th a t the  am ount of w ater injection is m uch

PQQNDS OF W frvT EK INJ&C1ED PEK POUND OF OIL.

greater, reaching the ex traord inary  figure of 56 per cent. 
W ith  th is am ount of w ater injection the running of the engine 
was very  sim ilar to  th a t of a single-acting steam  engine (except 
for the  noise m ade by  the governor gear and the au tom atic 
in let valves, the springs of which are no t enclosed). The 
therm al efficiency falls off and  the oil consum ption rapidly
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increases w ith  the am ount of w ater injected, showing w hat 
an  expensive means this is of obtaining a quiet running engine. 
The knocking does no t cease until 30 per cent, of w ater is 
being injected, though even when 56 per cent, of w ater was 
being injected the noise of the explosions w ithin the cylinder 
could still be heard, bu t they  sounded very fain t and  rem inded 
one of listening to  d istan t long range gun practice a t  sea.

The exhaust gases were sam pled in the usual m anner and  
analysed by the au th o r w ith the O rsat apparatus. The results 
of the gas analysis are given in Table I I I  and  p lo tted  in Fig. 3, 
from  which it  will be seen how rapidly the to ta l com bustion 
(C 03 + CO from volum etric analysis) falls off, bu t it seems 
to  reach a m inim um  value a t  abou t 50 per cent, of w ater 
injection, which is no doub t due to  condensation of the  oil 
and  w ater vapour during compression, the liquid leaking 
past the piston and leaving less combustible to  be burn t 
w ith the same air supply. On the same diagram  are shown 
also the explosion, or m axim um  pressure, occurring in the 
cylinder as m easured from the indicator diagram  and  also 
the m ean effective pressure. Exam ining the gas analysis 
figures we note th a t while the sum of C 0 2 and  CO by volume 
continually  decreases, the  free 0  continually  increases, so 
th a t there is no evidence of any  dissociation having taken  
place. Hence the au th o r concludes th a t the effect of the 
w ater injection is merely to  dam p down the to ta l combustion, 
causing the m axim um  or explosion pressure to  occur la te r 
in  the stroke and lowering its value.

The au th o r though t th a t  perhaps dissociation m ight take 
place if the explosions were m ade more violent and  a higher 
m axim um  and m ean tem perature obtained in  the cylinder. 
Accordingly the  vapouriser and  ignition tube were kep t m uch 
ho tter, the ou tlet tem perature of the jacket w ater being kep t 
the  same (100° F.). I t  was thought advisable, however, to 
adm it more air and p u t a little  more load on the engine so 
as to  im prove the running conditions generally. A difficulty 
now presented itself on account of the vapouriser getting  so 
hot th a t  ignition occurred m uch too early and  the engine 
slowed down. However w ith patience and after several 
a ttem p ts  two satisfactory  tests were m ade, the results being 
given in Table IV. The gas analysis shows slightly im proved 
com bustion when the  w ater is being injected, b u t only the 
C 02 is increased, the percentage of nitrogen being alm ost
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identical for bo th  conditions, while the free 0  decreases. If 
the  indicator diagram s be examined, i t  will be seen th a t the 
effect of the w ater injection is to  re ta rd  the firing point and 
bring it  back nearly  to  the  dead centre, the result being th a t  
a higher compression pressure is reached before ig n itio n ; 
this would, of course, slightly increase the efficiency of the 
com bustion process. The au th o r does not, a t  any  ra te , con
sider there is any  evidence to  show th a t dissociation has 
taken  place. The last tests were m ade under sim ilar con
ditions as regards the vapouriser, b u t w ith  the m ixture valve 
ad justed  as in  the first tests, the load being 50 lb. net, bu t 
more w ater being injected. In  this case the to ta l combustion 
is distinctly  decreased, and the tes t is a very rem arkable one 
in m any ways, so th a t the au tho r gives the working out in 
full below.

In  tes t No. 12a  ignition occurred when the compression pres
sure was as low as 25 lb. per sq. in. above atm osphere, whereas 
in test No. 126 ignition did no t occur until the full compression 
pressure was reached, and under these conditions a very m arked 
economy in oil consum ption is obtained. This improved 
economy in the oil consum ption was also noted on tests No. 
106 and  116 under sim ilar conditions. In  10a, 11a, and  12a, 
i t  was noted th a t  during certain  periods of the test the engine 
laboured ra ther heavily and  seemed inclined to  slow down, 
whereas in  106, 116, and  126 no such result was observed. 
The au tho r shows the oil consum ption figures in Table V 
for these tes ts ; b u t it m ust be remem bered th a t  in 10a, 6 and 
11a, 6 the air supply was greater th an  in the  earlier tests. 
In  tes t No 12a, 6 the air supply was the  same as in tests 1 to  9 
inclusive, so th a t 126 shows how by keeping the  vapouriser 
m uch ho tter the oil consum ption m ay be greatly  improved, 
the oil per horse-power hour in test No. 126 being m uch lower 
th an  th a t in tes t No. 5 for instance.

In  sum m ing up the  au th o r believes th a t he is justified in 
drawing the following conclusions from the results of his 
tests.

1. T hat in an  oil engine the economy in oil consum ption
is greater w ith a m oderately high compression th an  
w ith  a very low compression before ignition.

2. T hat the economy obtained by working w ith a very
hot vapouriser is greater th an  th a t w ith one only 
m oderately hot.
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3. T h at the true  effect of injecting w ater w ith the oil vapour
is to  dam p down the to ta l com bustion and  to  lower 
the economy—th a t is to  say, the engine becomes less 
efficient.

4. T hat if in case (3) a greater economy results such economy
is not due to  dissociation of the  H 20  b u t is in reality  
due to  im proved conditions, (1) and  (2), being realized 
as the result of injecting w ater w ith the charge.

T a b l e  I.

Test
No.

Pounds of 
Water 

injected per 
pound of oil 

used.

Indi
cated

Horse
power.

Brake-
Horse-
Power.

Oil per 
I.H.P.

per 
hour in 
pounds.

Oil per 
B.H.P.

per 
hour in 
pounds.

Absolute Thermal 
Efficiency

on the 
I.H.P.

(per 
cent.).

on the 
B.H.P.

(per
cent.).

1 0 8-55 6-10 0-86 1-21 14-5 10-4
2 0 1 7 4 8-50 6-04 0-91 1-28 13-8 9-8
3 0 1 9 8 8-50 6-05 0-99 1-39 12-7 9-1
4 0-232 8-30 5-81 1-03 1-48 12-1 8-5

T a b l e II .

Absolute Thermal
Pounds of Oil per Oil per Efficiency

Water Indi Brake- I.H.P. B.H.P.Test injected per cated Horse- per per on the on theJ\0. pound of oil Horse Power. hour in hour in I.H.P. B.H.P.
used. power. pounds. pounds. (per (per

cent.). cent.).

5 0 9-10 6-12 0-77 1 1 4 16-3 11-0
6 0-274 8-88 6-10 0-84 1-22 15 0 10-3
7 0-400 8-99 611 0-95 1 39 13-3 9-0
8 0-463 9-37 6-16 0-91 1-38 13-7 9-1
9 0-560 8-65 6-07 M l 1-59 11-2 7-9
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Teat
No.

5
6
7
8 
9

Test
No.

10a
106

11 a 
11/)

Test
No.

10a
106

11 a 
1 1 6

12a
12 'j

T a b l e  ITT.

Pounds 
of Water 
injected 

per pound 
of oil 
used.

Gas Analysis by Volume 
(per cent.).

Total

Pressures from 
the Indicator 

Cards.

co2 CO O

Com- 
N etc. bustion 

(by dif- CO + C02 
ferenee).

Maxi
mum or 

Ex
plosion.

Mean
Effec
tive.

0 9-4 0-2 0-4 84 0 15 0 280 03-]
0-244 9 0 4-5 0 0 85-3 141 245 58 0
0-40<) 6-9 4 0 0-9 8 1 0  11-5 190 52-9
0-463 6-7 4 1 6 0 83-2 10-8 185 51-3
0-560 6-7 3-9 0-4 83 0 10 0 130 45-3

T a b l e  IV.

Pounds 
of Water 
injected 

per pound 
of oil 
used.

Gas Analysis by Volume 
(per cent.). Total

Com
bustion

co2 + CO

Pressures from 
the Indicator 

Cards.

co2 CO O
N, etc. 
(by dif
ference).

Maxi- ! , r 
mum or Mean 

Ex- | ^Im
plosion. tlve-

0
0-271

0
0-284

11-5
12-1

101
11-4

2-3
2-0

2-0
1-5

3-0
2-0

1-5
1-6

83-2
83-9

85-8 
8 5 ’ 5

13-8
141

12-7
12-9

280 60 
280 59

280 55'5 
280 62-8

T a b l e  V.

Total 
Oil per 
hour, 
lbs.

Total
Water

per
hour

(injec
tion).

Pounds 
of Water 
per lbs. 
of Oil.

I.H.P. B.H.P.
Mechani
cal Effi
ciency.Of. /o

Oil per 
I.H.P. 
hour. 
Lbs.

Oil per 
B.H.P. 
hour. 
Lbs.

7-31 0 0 12-00 7-57 63-1 0-609 0-966
6-93 1-88 0-271 11-12 7-53 67-7 0-623 0-921

6-55 0 0 9-84 0-54 66-5 0-666 1-000
5-f'O 1-70 0-284 9-04 0-37 66-1 0-622 0-941

8-31 0 0 11-02 6-31 57-3 0-754 1-317
6-ei 3-1 0-409 11-05 6-29 54-0 0-567 1-051
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T e s t s  N o s . 12a a n d  12b .

T est num ber 
C onditions

D u ra tio n  in  m in u te s .........................................
O il u sed  per m in. in  th e  engine . . l b
W ate r in jec tion  to  th e  cy linder per m in. . lb 
P ounds of w ate r in jec ted  per pound of oil used

in  th e  e n g i n e ................................................
Calorific va lue  of th e  oil supp ly  B .T li.U . pe 

lb. (average va lue  b y  calorim eter) .
A verage com position  of th e  oil

(R ussian  p e tro leu m ) ...................................
Speed in  revo lu tions per m in ..........................
E xp lo sions p e r m in .............................................
E xp losion  (or m axim um ) pressu re  lb. per &q. in. 
Com pression pressure (before firing) ,, ,, 
S uction  pressure (from  light spring  diagram )

lb. per sq. in.
R elease p r e s s u r e ............................ ,, „
M ean effective p ressure . . . ,, ,,
In d ic a te d  h o r s e - p o w e r ..........................................
N e tt  load on b r a k e ..........................................lb.
B rake  h o r s e - p o w e r ................................................
M echanical efficiency p e r c en t...............................
J a c k e t w a te r in  lb. p e r m in ....................................
In le t  te m p e ra tu re ................................................ ° F .
O u tle t t e m p e r a t u r e ..........................................,,
R ise in  t e m p e r a tu r e ..........................................,,
T em p era tu re  of th e  a ir  in  engine-room  . „
E x h a u s t p ipe t e m p e r a t u r e ............................,,
E x h a u s t gas ana ly s is  b y  volum e per cent.

R a tio  of a ir  to  oil b y  w eigh t—
(1) F ro m  lig h t sp rin g  d iag ram  .
(2) F rom  gas analysis . . . .  

A bso lu te  th erm al efficiency (on  I .H .P .)  
A bso lu te  th e rm a l efficiency (on B .H .P .)

12a 126
I V ery early  V ery early  
firing w ith- firing w ith  
o u t w a te r j 
in jection  

30 
0 1 3 9  

n il

n il

20,200 
C. 80%
H . 14%

200-7 
100-9 
275 

25

4-0 
30-0 
54-1 
11-02 
50-0 

6-31
57-3 
19-3
58-0 

100-0
42-0 
63-0 

754-0 
CO, 9-2 
CO 5-5 
O 1-4 

N , etc. 83-9

21-6
14-06
16-6%
9-5%

w ate r 
in jection . 

30 
0-110 
0-052

0-469

20,200 
C. 86%
H . 14%  

260-0 
79-9 

275 
48

4-0 
23-0 
72-2 
11 -65 
50 0 

6-29 
54-0 
15-0 
58-5 

102-0 
43-5 
6 5 0  

732-0 
CO, 10-3 
CO 2-3 
O 3-7 
N , etc. 83-7

20-8
17-22
2 2 -2 %
12 -0 %

N
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H e a t  A c c o u n t  i n  B.Th .U. p e r  M i n u t e .  
No. 12a

Dr. B.Th.
IT.

H eat supplied  from  th e
o i l ...........................  2,808 100

Cr.

H ea t eq u iv a len t of 
I .H .P . . . .

H ea t re jec ted  in  
jack e t w ate r.

H ea t lost by  incom 
ple te  com bustion  
(form ing CO)

H ea t carried  aw ay  
by  th e  products 
of com bustion  .

B alance of h ea t ac
coun t . . . .

R ad ia tion , errors of 
observation , e tc., 
by  difference.

T o ta l ! 2,808 100 T o ta l

B.Th. | % 
U.

467-2 16-6 

810-8 ' 28-9

452-0

392-7

685-3

16-1

14-0

24-4

2,808-0 100-0

H e a t  A c c o u n t  i n  B .T h .U. p e r  M i n u t e .

Dr.

H e a t supplied  from  th e  
o i l ............................

B.Th.
U.

2.2 22  100

T ota l . 2,222 100

Cr. B.Th.
U. O' /o

H ea t eq u iva len t of 
1 th e  I .H .P . . . 494-0 22-3

H ea t re jec ted  in  the 
ja ck e t w a te r. 652-5 29-4

H ea t lost by  incom 
plete  com bustion 174-5 7-8

H ea t carried  aw ay 
b y  th e  excess a ir 42-1 1-9

H ea t carried  aw ay  
by th e  p roduc ts 
of com bustion 299-0 13-4

H ea t carried  aw ay 
by  th e  steam  from  
th e  w ate r in jection 70-9 3 2

B alance of hea t ac 
coun t . . . .

R ad ia tion , errors of 
observation , etc., 
by  difference 489-0 22-0

T ota l 2,222-0 100-0
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C a l c u l a t i o n s  f o r  t h e  H e a t  A c c o u n t .  

N o. 1 2 a .

C onverting  th e  volum e analysis to  a  w eight analysis—
Volume fraction X Relative Density. Fractional Weight.

C 0 2 0-092 x 2 2 =  2-025 0-1371
CO 0-055 x  14 — 0-770 0-0521
O 0 014 x  16 =  0-224 0 0152
N ,etc- 0-839 x  14 =  11-750 0-7956

T o ta l 14-769 —  1-0000

A nalysis of e x h au st gases b y  w eigh t—
C 0 2 13-71%  CO 5-21%  O 1-52% N , etc. 79-56 

W eigh t of ca rb o n  in  1 lb. of d ry  e x h au st gas—
= i i o f  th e  C 0 2 b y  w eight + f  of th e  CO by  w eigh t 
= T3rX  0-1371 ~KX 0-052 =0 0597.

W eigh t of d ry  ex h au st gas p e r 1 lb. of ca rb o n  b u rn ed —

= 0 -0 5 9 7 - 16 '75 lb- 
W eigh t of d ry  e x h au st gas per 1 lb. of oil b u rn ed —

=  1 6 - 7 5 X ( t h e  w e i g h t  of carbon  in  1 lb. of oil)
=  1 6 -75x0 .86  14-4 lb.

W eigh t of steam  form ed—
=  9 X (th e  w eigh t of hydrogen  in  1 lb. of oil).
=  9 X 0 1 4  1-26 lb.

T o ta l w eigh t of e x h au st gas p e r 1 lb . of oil b u rn ed  15'66  lb. 
W eigh t of a ir  u sed  p e r 1 lb. of oil =  15-66—1 = 14'66  lb.
W eigh t of a ir  th eo re tica lly  needed  p e r 1 lb. of oil—

=  ll" 5 6 x (c a rb o n  in  1 lb . of oil) -)-34-67 X (hydrogen  in  1 lb . of oil). 
= (11-56X 0-86) 4-(34-67X 0-14).
= 9 -9 4 + 4 - 8 5 = 1 4 - 7 9  lb.

W eigh t of p ro d u c ts  of com bustion  p e r 1 lb. of oil =  14-79 +  1 = 15-79  lb .
C arbon b u rn ed  to  C 0 3 C 0 2 b y  volum e 0-092

W hole ca rb o n  in  1 lb . of oil — (C 0 2-fC 0 )  b y  vo lum e 0-147 
.-. C arbon b u rn ed  to  C 0 2 = 0 -6 2 6 X 0-86 0 538 lb. per 1 lb . of oil. 

C arbon b u rn ed  to  CO = 0 -8 6 —0-538 = 0 -3 2 2  lb . p e r 1 lb. of oil.

P r o d u c t s  o r  C o m b u s t i o n  :—

Per 1 lb. of products X specific heat.
CO, =  V X 0-538 =  1-973 0-127X 0-216 0-0274
CO" =  1 X 0 -3 2 2 =  0-752 0-048X 0-248=0-0119
O =  9 x 0 - 1 4  =  1-260 0-081X 0-480 =0-0389
N  b y  difference = 11-585 0-744X 0-244=0-1816

T o ta l 15-570 1-000 T o ta l 0-2598

M ean specific h e a t p e r  1 lb. of p ro d u c ts  = 0 '2 6 0 .



164 SOME TEST FIGURES FROM AN OIL ENGINE

No. 1 2 b .

C onverting v o lu m e a n a lysis to  a  w e ig h t a n a ly sis—
Volume^fraction x Relative Density. Fractional Weight.

CO., 0 - 1 0 3 x 2 2 =  2-260 ' 0-1521
CO 0 0 2 3 X 1 4 =  0-322 0-0216
O 0-037X  10 0-592 0-0397
N . e tc . 0 -8 3 7 X 14 11-732 0-7866

T o ta l 14-903 1-0000

A n a ly s is  o f ex h a u st gases b y  w e ig h t—
C 0 215-21%  CO 2-16%  O 3-97%  N e t c .  78-66%  

W eigh t o f carbon in  1 11). o f d ry  e x h a u st g a s—
=  r \X 0 -1 5 2 1  + 5 x 0 - 0 2 1 0  b '0507  lb.

.'. W eigh t o f dry ex h a u st gas per 1 lb. o f carbon burned.
1

= ---------= 1 9 -7 2  lb
0-0507

W eig h t o f dry  ex h a u st gas per 1 lb. o f  oil bu rn ed—  
1 9 -7 2 x 0 -8 6  16 96 lb.

W eigh t o f s tea m  form ed =  9 x 0 - 1 4  =1*26  lb.
T o ta l w e ig h t o f e x h a u st gas per 1 lb  o f oil burned—

=  1 6 -9 6 + 1 -2 6  18-22 lb.
W eigh t o f air used  per 1 lb . o f o il =  18-22— 1 17'22 lb.
W eigh t o f air th eoretica lly  need ed  per 1 lb. o f oil 14 '79  lb 
E x cess air per 1 lb. o f  oil 17-22—14-79 = 2 '4 3  lb.
W eigh t o f p rodu cts o f co m b u stion  per 1 lb. o f  o il—

=  1 4 -7 9 + 1  15-79 lb.
Carbon burned to  COa 10-3 10-3

W hole  carbon in  th e  fuel 10-3 + 2 -3  12-6 ^ 818.
.-. Carbon burned  to  C 0 2 = 0 - 8 1 8 x 0-80 = 0 -7 0 4  lb. per 1 lb. o f  oil.

Carbon burned  to  CO = 0 - 8 0 —0-704 0-157 lb. per 1 lb. o f oil. 
P r o d u c t s  o f  C o m b u s t i o n — -

Per 1 lb. of products X specific heat.
CO., V X  0 -7 0 3 =  2-577 0 -1 6 3 x 0 -2 1 6 = 0 -0 3 5 2
CO” i X  0 -1 5 7 =  0-366 0-023X  0-248 = 0 -0 0 5 7
H aO 9 x 0 - 1 4  =  1-260 0 -0 8 0 X 0 -4 8 0 = 0 -0 3 8 4
N  b y  difference =  11-587 0 -7 3 4 X 0 -2 4 4 = 0 -1 7 9 1

T o ta l 15-790 1-000 0-2584

M ean specific  h ea t o f p rodu cts o f co m b u stion  = 0 -2 5 8 .
N o . 1 2 a  a n d  1 2 b .

H eat lost by  incom plete com bustion—
/(W eig h t o f  carbon burned to  CO per 1 lb. o f o i l)X (th e  difference  

=  \ betw een  th e  calorific va lu e  of carbon burned to  C 0 2 and  carbon  
(bu rn ed  to  C O )X (th e  num ber o f pou nd s of oil u sed  per m in u te). 

H ea t carried  a w a y  by the products of com bustion—

{
(W eigh t o f produ cts per 1 lb. o f oil )X  (m ean  specific  h ea t of 
produ cts) X (th e  d ifference b etw een  th e  ex h a u st p ip e  tem p era
ture and  th e  a tm osp heric  tem perature) X (th e  nu m ber of pou nd s  
of oil u sed  per m in u te)
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H eat carried away by the excess a ir—•
/(W eigh t of excess a ir  p e r 1 lb. of oil) X (specific h e a t  of a ir  a t  
(co n s tan t p re ssu re )X (th e  difference betw een  th e  ex h a u s t p ipe  

=  1 tem p e ra tu re  a n d  th e  a tm ospheric  tem p e ra tu re ) X (th e  n u m b er 
lo f  pounds of oil u sed  per m inute).

Heat carried aw ay by the steam from the water injection—
/(N um ber of pou n d s of w a te r in jec ted  p e r m in u te ) X [(0-48 tim es 

_  I th e  difference betw een  th e  e x h au st p ipe te m p e ra tu re  an d  212° F .) 
— 1 + ( th e  la te n t h e a t of s team  a t  212° F . ) + ( th e  difference betw een 

'2 1 2 °  F . an d  th e  a ir tem pera tu re )] .

T h e  L i g h t  S p r i n g  D i a g r a m s .

L e t Va = v o lu m e  of charge d raw n  in  a t  a tm o sp h eric  pressure.
V p  = v o lu m e  sw ep t b y  p iston .

M easure th e  leng th s of Va an d  V p  on  th e  d iag ram , th e n
len g th  Va

A ctual volum e of charge d raw n  in  =  2engtla Vp  ^  ^  *n  °'
( a t  a tm ospheric  p ressu re  Pa).

A ssum e th e  te m p e ra tu re  of th e  charge (F a 0 F . abso lu te) to  be  th e  
sam e as th a t  of th e  ja c k e t w a te r a t  o u tle t. C alculate th e  d en s ity  of 
a ir  (p) a t  T a 0 F . ab so lu te  from  th e  form ulae.

(1) P a Vta =  53-8 T a  p e r 1 lb. of d ry  a h .

(2) =  p y lb. p e r cubic foot.

T o ta l volum e of a h  d raw n  in  per m in u te  =  V aX  (num ber of explosions 
per m inu te).

W eigh t of a ir d raw n  in  p e r m in u te  = p  Va n.
A ir pV a n

R atio  -qtj by  w eigh t —

w here w  = w e ig h t of oil u sed  p e r m in u te  in  th e  engine, as m easu red  on  
th e  tr ia l.

N o t e . — T he d iag ram  show n in  N o. 13 is r a th e r  in te re stin g . W hen 
th e  m ix tu re  va lv e  is ad m ittin g  too  m u ch  a ir  th e  engine freq u en tly  
fires b ack  th ro u g h  th e  a ir  in le t p ipe  (th is  effect be ing  well know n to  
m o to ris ts  a s  a  “  c a rb u re tto r  b low -b lack ,”  u su a lly  th e  re su lt of an  
im poverished  m ix tu re ), th e  in d ica to r d iag ram  show ing ex ac tly  w h a t 
happens. I t  m ay  be  exp la ined  by  reference to  w h a t occurs on tu rn in g  
a  gas stove  cock off qu ick ly , th e  m ix tu re  of a ir  a n d  gas being  w eakened  
u n til a  m ix tu re  is o b ta in ed  w hich w ill explode a t  a tm ospheric  p ressu re .”

----------------------------

Mr. W. P. D u r t n a l l  : Both the papers we have listened 
to  to-day have been of great interest, and this one more especi
ally because Mr. Kean has given us the results of very elaborate 
and very interesting research work in oil engines. In  the 
first of his conclusions he says : “ In  an oil engine the economy 
in oil consumption is greater with a moderately high compres
sion than with a very low compression before ignition.” Tnat
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is one of the  very  im portan t points he has p u t forward. W hat 
we w ant is som ething between the Diesel and  the  80 or 90 lbs. 
per square inch pressure, and I  believe the  oil engine will be 
satisfactory  when we develop the oil engine on th e  old and 
very  interesting B raydon cycle, th a t  is to  say w ith  a given 
m oderately high pressure per square inch. The space between 
the top  of the piston and the  crown of the cylinder can be, 
consequently, reduced, and  owing to  the  less am ount of oil used 
in  th e  engines of th e  four-stroke ty p e  be tte r economy can be 
obtained. I  th in k  Mr. K ean will add  to  the  in terest of th e  
paper if he gives us his views as to  the  possibilities of an engine 
of th is  description. In  the  second place Mr. K ean  says : “ The 
economy obtained  by working w ith  a very  ho t vaporizer is 
greater th an  th a t  w ith one only m oderately h o t.” There 
again he raises a  very  im portan t question. Is it  no t possible 
to  m ake a satisfactory  gas direct from  crude oil ? I  th in k  it 
will give an  im petus to  some of our m em bers to  investigate 
th a t  subject. In  view of the fact th a t  the  financial people 
are opening up the oil fields throughout the  empire, i t  is for 
us to  encourage th is  kind of paper and  th is class of research 
work. I  quite agree w ith  him  in his rem arks on the  admission 
of w ater. T h at was illustra ted  on the  industrial tria ls  of 
heavy vehicles abou t three years ago. There was one vehicle 
w ith  a single cylinder engine which gave very  interesting results. 
I t  was am using to  w atch the  engine working, b u t as Mr. K ean 
so ably p u ts  it, the therm o-dynam ic efficiency of th a t  engine, 
th e  actual work in  foot lbs. perform ed by it is another question 
altogether. In  thank ing  the  au tho r for th is paper I  would 
propose th a t  we adjourn  the discussion upon it, as I  th ink  
there are several m em bers who would like to  tak e  p art.

Mr. F. M. T ra p .son  : I  would like to  join in  thank ing  Mr. 
K ean  for his valuable paper, in which he brings ou t as th e  result 
of his experim ents a  good deal of w hat I  have heard  abou t 
engines in actual practice during the last tw o or th ree years. 
One th ing  I  would like to  point out in  connexion w ith  the 
use of w ater in  m arine practice is th e  addition to  the  dead
w eight carried, and  in  sm all boats as fishing vessels, coasters, 
etc., th is  would tell against the principle. Again, w ith  two- 
cycle engines a t high compression greater economy of fuel 
is being got. I  know of m any types around th e  coast, and 
the two-cycle engines w ith high compression give be tte r fuel
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economy, and  m any m ention of engines being p u t in  hand  
to  use crude oil of a low grade, which will m ake them  very  
cheap to  run  ; b u t to  ex tend  progress you m ust get some help 
on the  commercial side. W ith  regard to  in ternal com bustion 
engines generally there are propositions in which it  is proposed 
to  fit engines in  vessels m aking abou t th ree weeks’ voyage, 
and  engineers are ready  to  undertake to  build them . Taking 
the question all round, there have been more inquiries w ithin 
the  last th ree  or four m onths th a n  I  have ever known, showing 
the  increased in terest th a t  is being tak en  in  th is ty p e  of engine. 
We have a good deal to  th an k  Mr. K ean for in giving us the  
results of these valuable experim ents. I  have m uch pleasure 
in  seconding the  vote of thanks, and  the  m otion th a t  th e  dis
cussion be adjourned.

The m otions were th e n  p u t to  the  m eeting and carried 
unanim ously.

Mr. K ean  : I  th an k  you very  m uch for the  vote of thanks 
which you have so k indly  given. I t  has given me great plea
sure to  be here th is  afternoon. I  would ju st reply briefly 
to  Mr. D urtna ll and  say  th a t  I  am  a t  present experim enting 
more or less on the  particu lar subject he m entioned. One of 
the  chief difficulties of the  O tto  cycle is th a t  when drawing in 
the  charge by suction you cannot get the full volume in, and  
i t  is necessary to  use pressure. Of course it  is done in  the  two- 
stroke engine, and  if i t  is of th e  righ t type it acts perfectly  
well. I  am  using a tw o-stroke engine w ith  a com pression of 
100 lbs. to  the  square inch, and  it  works perfectly. I  should 
like to  propose a very  h ea rty  vote of th an k s to  the  Chairm an 
for presiding to -d ay  and  for the  in teresting rem arks he has 
made.

Mr. T. F . A u k lan d  : I  beg to  second the m otion very heartily  
indeed.

The m otion was carried w ith  applause.

Chairman : I thank you very much. W hile you as practical 
men have appreciated the papers read, I can assure you that I, 
as a layman, have gained some useful information. I am so 
interested that I want to hear the remainder of the discussion. 
I do not know whether the discussion will be limited to members 
only, but if not and I am at liberty, I  will be delighted to be
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present. We owe a great deal to these gentlemen who have 
devoted their time to the study of this question, and it is with  
their help and with the help of those who criticize that we 
shall arrive at the final result. I again thank you and certainly 
hope this will not be our last meeting.

The H o n . S e c r e t a r y  : We always give a hearty welcome 
to visitors to our meetings, and we shall be delighted to see 
our chairman at any of our meetings.


