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A COMPARISON OF PROPANE AM) GASOLINE 

AS FUELS IK AN OTTO CYCLE ENGINE 

INTRODUCTION 

Purpose: 

The purpose of this investigation is to compare the effects 

of propane and gasoline as fuels upon the performance characteristics 

of an Internal Combustion Engine operating on the Otto cycle. Since 

propane is the fuel to be compared, the subject matter -Till refer 

almost exclusively to this fuel. 

Objective: 

The object of this investigation is to obtain sufficient data 

from the operation of an Internal Combustion Engine operating on the 

Otto cycle burning regular gasoline and propane to plot the perfor

mance curves. These curves will be analyzed to form a conclusion to 

this investigation. 

Review of the Literature: 

Propane is a member of the paraffin series of the hydrocarbon 

fuels. Its chemical symbol is CgHg. Propane was at one time considered 

a nuisance by-product in the distillation of gasoline. It was burned 

off at the oil refineries to prevent contamination of the air around 

the plants. Its first commercial use was as a substitute for natural 

gas. A very desirable characteristic of this gas soon opened a market 

for it in the rural sections of the country. It can be liquified under 
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low pressure and handled with comparative ease in a pressure cylinder, 

thus enabling its use from individual sources at each home. The fact 

that propane has an octane rating of 120, and was oheap, prompted its 

use in stationery industrial engines, the engines usually being near the 

refineries or in the oil fields owned by the refining companies. Its 

use has not extended considerably to the automotive field but has a 

potential in that direction. It is for the automotive possibilities 

that this investigation will be made. 

Propane is obtained from tiro principal sources: From natural 

gas in the production of natural gasoline, and from refinery ga3es 

formed in the refining of petroleum. Products from the latter source 

contain propylene and butylene in addition to propane. Propane is a 

member of the same family of hydrocarbons which predominate in gaso

line, but differs in that it is a gas under standard conditions of 

temperature and pressure and is liquified under pressure to concentrate 

the thermal value for economical transportation and storage. Propane 

is converted from a liquid to a dry gas in the fuel tank before it 

reaches the combustion chamber. The dry gas allows better and more 

thorough mixing of the fuel with the air, 

Propane has most of the desirable characteristics of gasoline 

when used in internal combustion engines, yet possesses additional 

advantages. V"©ry high anti-knock ratings which are far in excess of 

even the finest premium grades of aviation gasolines available today 

permit the use of high compression ratios. Propane burns at a slower 

rate than gasoline and makes for smoothness of operation because of 



prolonged power impulses on the power strokes and more uniform bearing 

pressure. All the ill effects such as thinning of the lubricating oil 

and washing of the oil from the cylinder walls, which greatly increase 

cylinder wear, are eliminated. 
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APPARATUS 

Engine: 

The engine used was a Continental Red Seal model Y-59. This 

engine was designed as an industrial engine for stationery use. The 

engine is installed in the Mechanical Engineering Laboratory and is 

coupled to a Taylor hydraulic dynamometer* The engine specifications 

are: 

Bore, inches . . 2 l/2 

Stroke, inches • •....„ 3 l/2 

Displacement, cubic Inches,. ..*.••••*,, 68.7 

Compression ratio... *»*•••»*•*.• 7.2:1 

Number of cylinders 4 

Ignition System: 

The ignition system of the engine was the usual equipment of 

the spark ignition engine. This, of course, is the point-coil arrange

ment with current furnished by a battery* In order to eliminate one of 

the possible variables, the centrifugal advance mechanism in the distri

butor was locked in one position. The distributor was equipped with a 

plate stamped with the degrees of spark advance on it. Clamped to the 

distributor was a pointer which would indicate the true advance of 

spark timing. The spark plugs were of the standard type and were the 

specification suggested by the engine manufacturer. 

Fuel System: 

The carburetion system of the engine when operating on gasoline 

consisted of a two gallon can resting on a Toledo scale, a fuel pump, 
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and an up-draft carburetor* The gasoline can was connected to the fuel 

pump by a copper tube and was connected to the gasoline can by a very 

flexible rubber hose to minimize the effect of the scale platform move

ment upon the reading of the scale, 

The carburstion system when burning propane consisted of a 

cylinder of gas, a pressure regulator, a gas flow meter, an atmospheric 

regulator and a spud-in to discharge the gas into the air stream at the 

venturi throat. The propane was vaporized in the tank and regulated to 

approximately 5 psig which was the operating pressure of the fuel regu

lator, 

The air intake to the carburetor was connected to a large drum 

which served as a surge chamber to dampen the air surges through the 

air metering equipment. This removed the fluctuations in the mano

meter and allowed more accurate reading of the pressure drop across the 

orifice. The air used by the engine was measured by the use of an ori

fice. A thin plate orifice was inserted into the 2-inch pipe leading 

into the surge chamber. Pressure taps were made according to Vena 

Contraota theory1. The diameter of the orifice was one inch. 

Instrume ntation: 

The engine instruments were mounted on the control panel to 

register the engine rpm, manifold pressure, and the oil pressure. The 

room temperatu\%e 7/as registered by standard mercury filled bulb thermo

meters. A thermocouple was inserted into the coolant water outlet and 

! » - ' • • ' • • « «l 

Severns, W. H. and Degler, H. E., Steam,Air and Gas Power, 
John Wiley and Son, Inc., New York, 1948, p, 399 
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the temperature of the water leaving was maintained a t 180°F. A thermo

couple was a l so used t o r eg i s t e r the temperature of the gas flowing in to 

the gas meter. The purpose of th i s temperature measurement was t o cor

rec t the flow to the actual condit ions. The pressure of the gas flowing 

was a l so recorded by use of an a i r c r a f t type manifold pressure gage 

which indicated the regulated gas pressure in inches of mercury, abso

l u t e . A gas flow meter of the type used as s t r e e t meters was used to 

measure the gas flowing in to the engine in cubic f e e t . 

The conversion of the engine to burn propane included some modi

f ica t ions on the carburetor used. The carburetor used for the gasoline 

runs was a special up-draft type which incorporated a fuel metering 

valve. To modify or convert t h i s carburetor was almost impossible and 

would have necessitated destruction of or rendering i t useless for fur

ther use as a gasoline carburetor. An old carburetor was therefore used 

which was also of the np-draft type but opening to the s ide . This proved 

to be an advantage since a hole could be d r i l l ed and tapped in the 

bottom for the spud-in tubing t o come through. The spud-in was a 3/8 

inch copper tube which extended to the venturi throat where i t d i s 

charged the gas to mix with the a i r . After i n s t a l l a t i o n the runs with 

propane were begun. 
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TEST PROCEDURE 

Before operating the engine, the spark plugs and the points 

were cleaned and adjusted to the proper clearance. The lubricating 

oil in the engine was checked before every run. The engine was main

tained in as good running condition as possible. 

The runs with regular gasoline were made first and then the 

engine was converted to burn propane. 

In order to obtain the performance characteristics over a wide 

range of speeds and loads, the engine runs were made at 2000, 1600 and 

1200 rpm. The load on the engine was varied from fall throttle to 

3/4, l/2 and 1/4 load for each engine speed. For each particular speed 

and load setting, runs were made with the air-fuel ratio varying from a 

very rich to a very lean mixture. Runs of three minute duration were 

made with the gasoline and the time to burn two cubic feet of gas was 

taken when burning propane. The purpose of these data was to plot the 

efficiency and brake horsepower against the air-fuel ratio. From these 

curves for each speed and power setting was obtained the maximum power 

and thermal efficiency at a corresponding air-fuel ratio. From these 

optimum points the performance characteristics of the engine were 

piotted. 
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DISCUSSION 

The observed and corresponding c a l c u l a t e d da ta f o r t h e runs made 

during t h i s i n v e s t i g a t i o n w i l l be grouped i n t o the fo l lowing c a t e g o r i e s . 

The propane runs w i l l be des igna ted as Group A, B and C with cor respond

ing c a l c u l a t e d n o t a t i o n . The g a s o l i n e runs w i l l be des igna ted a s Group 

1 , 2 and 3 w i t h corresponding c a l c u l a t e d d a t a . The maximum va lues of 

t h e bhp and thermal e f f i c i e n c y f o r each f u e l w i l l be des igna ted as t h e 

optimum va lues f o r propane and g a s o l i n e r e s p e c t i v e l y . The vo lumet r ic 

e f f i c i e n c y w i l l be compared only a t f u l l t h r o t t l e because i t i s on ly a t 

t h i s p o i n t t h a t t h i s curve has any s i g n i f i c a n t comparable p r o p e r t i e s . 

The r e s u l t s of t h i s i n v e s t i g a t i o n a re shown in Tables 13 and 14 

and the curves of t he optimum values a re p l o t t e d in F igu res 28 t o 36 . 

The curves i n d i c a t e t h a t t he maximum power developed when burn ing p r o 

pane decreased approximate ly 5.32$ t o 16 .15$ . The thermal e f f i c i e n c y 

decreased approximately 11% t o 13.85$ and t h e vo lumet r i c e f f i c i e n c y 

approximate ly 7.15$ t o 12.4$ when propane was u s e d . 

Although propane has a h igher octane r a t i n g and g r e a t e r h e a t i n g 

value t h a n g a s o l i n e , i h e r a are seve ra l f a c t o r s which c o n t r i b u t e t o t h e 

decrease in power when us ing t h i s fue l* The c o n s t r u c t i o n of t h e engine 

was such t h a t the exhaust manifold heated the i n t a k e manifold c o n s i d e r 

a b l y . This i s an i d e a l c o n d i t i o n for gaso l ine where the hea t of t h e 

manifold helps t o vapor ize t h e f u e l . when burning propane , a f u e l which 

has been vapor ized be fo re reach ing t h e mixing p o i n t , a hot manifold i s 

u n d e s i r a b l e . 

The vo lumet r ic e f f i c i e n c y may be c i t e d as one reason for t h e 

dec rease i n power. The gaso l ine which has t o be vapor ized c a n , i n t h e 
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process of vaporization, absorb heat from the air and thereby allow a 

greater volume of charge to be taken into the cylinder. Propane, on 

the other hand, is already a vapor and the volume occupied by this 

vapor displaces some of the air in the manifold and a smaller charge is 

taken into the cylinder. As a result of this condition the gasoline 

would have better volumetric efficiency, as indioated by the curves« 

In the process of vaporization, the gasoline absorbed its latent 

heat of vaporization from the air in the manifold, whereas the propane 

already being a vapor does not have this advantage. 

Another factor which may have had some effect upon the perfor

mance of the engine is the heating value of the mixture admitted into 

the cylinder. For gasoline, the Btu per cubic feet of a chemically 

correct mixture at standard conditions of 14.7 psia and 70°F is 94.5, 

as compared to 90 for propane. This would indicate that the gasoline 

mixture contained a greater capacity to release energy in the cylinder* 

The decrease in thermal efficiency may be attributed to the 

fact that the total horsepower developed wa3 less but the frictional 

horsepower would not decrease appreciably, therefore the net brake 

thermal efficiency would be less. Another contributing factor may have 

been the slower rate of burning of propane, 
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CONCLUSION 

As a conclusion to this investigation, it seems that for an 

engine which is used to burn either fuel the main advantage in burning 

propane would be in the relative costs of the fuel and the reduction of 

the problem of carburetor units. 

The curves of Figure 28-31 show that there is an appreciable de

crease in the power developed and in the thermal efficiency of the 

engine when propane is used« 

One advantage that might be realized with propane is the fact 

that propane is a gas in the cylinder and will not wash the oil from 

the cylinder walls. Thi3 reduces the wear on the cylinder walls. An

other advantage of its being a gas is that it will not dilute the oil 

in the crankcase. Also, propane burns almost completely in combustion 

and would thereby minimize the formation of harmful carbon deposits in 

the engine and lubricating oil. 

If it is desirable to convert an engine to burn propane exclusively 

and receive the advantages of this fuel, the following things could be 

done to the engine. The compression ratio could be increased. The mani

fold could be redesigned or a cold running manifold installed. Cold 

spark plugs might also help in this case. 

A disadvantage of the use of propane would be in the handling of 

a liquid under pressure. A pressure tank must be used as a fuel tank. 

To handle the gaseous fuel under pressure a high pressure regulator and 

and atmospheric regulator to meter the fuel to the engine must be used. 



11 

BIBLIOGRAPHY 

Obert, E. F., Internal Combustion Engines. Scranton: International 
Textbook Company, 1950. pp.218-219 and p. 231. 

Severns, W. H., and Degler, H. E., Steam, Air and Gas Power. New York 
John Wiley and Sons, Inc., pp. 401-402. 

Browne, A. T., "The Economics of Propane as an Engine Fuel," 
Automo t i ve Industries, vol. 104, No.4, pp. 42-45, February 15, 
1951. 

Friend, W. S«, and Beckwith, E. Q., "Propane and Butane as Motor Fuels," 
Society of Automotive Engineers Journal, January 1935. 

Stratman, E. A., "The ABC'c of Butane-Propane for Engine Use," 
Butane-Propane News, February and March, 1946. 



12 

APPENDIX I 

FIGURES 



'i 

I 
,-. 



Figure 2 



PL ACE END OF SPUD /MAT T//£ 
SMALLESTD/A. OF THE 
CARBURETOR VENT I//?/ AND 
D/ RECTED W/TH A/FFLOW 

PR/ME/? BUTTON 

% 
H 

- • 

M 

FOR MANOMETER 
TSS T/A/G 

VAPOR FUEL tHLET 
NOT TO EXCEED 
5 LBS- RRESSURE 

ATMOSPHERIC REGULATOR 



NO, 340 -20 DIETZGEN GRAPH PAPER 
2 0 X 2 0 PER INCH 

E U G E N E DIETZGEN C O . 
MADE IN U. S . A. 

- , . : j : . . . 

-
wm-\ 

-t— 
-^ 1 

— 
Sffi 
mn —~r—^ ~r-

ZttZi 
. . . ' . . . . j -

——p— • 0 » 

: I . 

— 

— 

"F 
w 
ft 

I 

T?> 
£Hb 5 

£*< 
m 

tt 
a> KJ - t 
fc-'-te 
T-ter 

si 

'1 w 
te 

H 
& 

r-rri 
r» 

• ' • 1 

. : : • 

t { 

-^T 

.. . • 

ill 





NO 3AO ZO DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN U. S. A. 



NO 340 -20 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MACE IN U. 9. A. 



NO. 3AO -SO DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN V. S. A. 



NO 340 CO DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
M A D E IN U. S. A. 

' 
1 

. • 

• 

-to 

1 

*i - ^ 
*. 

- • 

:* r-
r-4—< 

Si 

tfili 

-

-

1 

• 

N -; 
N 

• 

- • 

- . 
-

1 
-___ 

:: 
• -

— - j 

ip 

• - -

—— 

- — 
j : 

...: 

J — _ 

-' 
— • 

• 

;::': 

1 J . L 1 

'::: 

• ' - " - ; 

• • ' r -

-

: 1 
::: 

; 
1 — . — 1 

1 

1 • 
" i 

Litjg. 
1 
1 — , — j — — ~ 

\ , . . | , : ' 
• - : 

.:".'. &~;i ::.: 

' r*-

' 
• • ; [ 

• ' : 

Li ;.. :::: -•:. . 

.... 
:. 

• 

' r*- • 

::: . : : : :: 
• - ! 

• , 

• ; . • 

ffi 
i ^ - . 

" 
• .:.: ; "fffl 

^ 
Eft 

i ; 
• ' : . 

- " • 
• ; -

• 

.... 1 T\ JD '' 
• v . 

• i 

1 . 
\ \ : 

• " • • 

• ~ : • • 

• • 

.... 1 

m 
• v . 

• i 

1 . 
\ \ : 

• " • • 

• ~ : • • 

• • 

: . • . m " i 

< H * 
, ' • . : ;: 

* * r-j '.. \ :-!:: . 
• • • • I 

• ^ t a 1 k ' e '" 
• • 

:".., " 

• • • • I 

• ^ t a 1 k ' e 7 ..: . '" 
• • 

:".., " 
;.; £ ^ 

^ ^ 

0 N 
: ; 

j • V 

•m 
, : : . .... ;: 

• 

"v. 
' t i j 
i • IrA :U;; .... -

"v. 
' t i j 
i • • IrA :U;; w . . 

-

0 
"fc . 

, : « . " : : .: .:. 
• ; 

\\l . 

. ! • ^ 
[;;-. : • . - • - i . : " - : 

• 

:::: • 

''-.'} .' • 

rt 
:;:ih: s_' 

• -

' 
- ^ / ; 

• 

::: : " 
' 

;s 
• \- ". 

• ' : : : ' 

:.: I : ; ':::: .:.. . .:: 
' '. ov t : - ! / ; 

• 

- 1 j 
G : . . -"- : 

: 

•v 
-ifej-

/ t 
' 

• • f • j . :: 

* ^ • 

V -

. A / ! ' •• : i " ' -
. . , 

& Jj | 
/ TV 

. . 1X1 

- ,:- / 
/ *D 

-' W} 

. . 1X1 

- ,:- / 
/ *D 

-' W} 
25 

• 

d 
'• 

i 



NO. 340 -20 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN U. 3. A. 

.. | -:; 

; : 
TTT 

Stt 

; ; • : : 

::: m r-rrrr^T:7 

. -. H • _: 

— 



NO 340 -20 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN \J, 3. A. 



NO 340 -20 DIETZGEN GRAPH PAPER EUGENE DIETZOEN CO 
2 0 X 2 0 PER INCH MAD! IN U. S. A, 

:• 
ufi 

— .:m • 
HtHE 

K •: 
fsJ 

U ffc K H ' > M>» 

w 

<v 

— 

if *S 

^R h-
FV 

: : • . . ] : : : : ) 

>= 

5f i 
—~r 

:--.. 
• • 

•^m m 
• ^ 

i 
m :::.\r. 

IS I 

— ^ 

: t 

I^L i' 

—t*r 

! 
- T T t 



NO 340 20 D1ETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
M A D I IN u. S. A. 



NO 340 -20 D1ET2GEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO 
MADE IN U. 9 . A. 

T~T 

^ 

w 
&: 

^ E 

N 

S^ 

ft 
"R: 

it 
I 

EH ~7^ 

-5H 

fcn 

mHHti E 

r t r i 

-1-**} 

• • 



r — 

F~ 
m 

m 
~%\ )•{., 

: : : • 

— 
''.', 

:::; 
TO 

M 
-

# 
• • • 

: • • : 

r n f f 

. : ; • 

J ; • • 

:::: 

Fft|i 

1 

H  

i -
• 
p 

H , - . 

. -J 

- - • 

m r r 

^H 
::: 

:.! : 

tfpi 

l§ 
m • 
L__ 
: 

h 

| 

i . 1 1 

at. 

\~~'—r~~~—' 
• • • • .1 .. 

) 
. . . . . 

I • 

• • : -

" T 

n—I" 

:::: 

Jg. 

i ' • i 

1 I p 

m 
P)Xt 
ptj 
i i . . . 

i i i i i 

;: ! 
R q 

m 

• • 

r t t t t 
• . 

£7 

ffi 
m 
:: " 

• • 

r — r 

• — 

ffl 

is 
1 
5mj 
::::: 

. . i . 

— — j 5 ^ 
. • 

i — — 

\ • • • : 

m 
r̂  
P 
L 

T̂T 
—-
.... 
.... 

r 
T ^ 

. . . 
; — 7 1 r f r r 

j . , , . 

F 

: : • ; 

• 

s 

...., 

.... 

.... 

.. . 

, - i r 
::: 
•: 

' : : • • 

• • 

i i i 
t f i t j 

m 
. i . . 
• : ; : 

t t t t t 
; 

! • 

1 
1—FT" 

: 

gj. 
* - i- » 

-
i3t 

• • • : 

U • ' 

\— —-
1 

' ; • : : 

h—-

y 

i t : : 

r*ri 
'4iiz 
..:;; 
—^*-r 

:; 
-—L-*~ 

:M 

. . . 

M 
r-7 

. i ; 

-\— 

I — 

• j 

• 

: . 
• 

:: 

W 

. j _ 

1 1 ' " 

-—f 
.., . 
— 
! ' 

::r! 

.... 
• • 

— 

[_ j , 

fef 
I • 
h — 

• 
11 

• • • 

: 

...: .+... 
• 

M. 
;-

n 
,v : ; 

j ^ — L 
:. : 

—— 

U — 

1 

I 

. 

• ; ; ; 

. i l l 

• • • -

• . .:;; '::. . 
1,; 

... 
- • 

njj ! '. i . . . : ; i; . .: , . \ 
! . 

' ] ' • • 
.... 

• 

b 1 — 
| • - - -

- • t • • 
. . . i . 

• • • • 

. . . 

1 . i 

. • . + 

• _ i ; 

• • ' 

. . i . .... 
- • : : : IJ T1 

-t-—^ 

- < - * • — 

• • 

• : 

.' i , * 

• 1 ! 

II 
~" ; 

- - -

.... 
- • * ' 

. . | 

r r r r 
j . 

—— 

ittt 

_:_ 
• 

"." '" ': 

—Lj4-

. . i —;__ 

. . . i 

-H—h i — 

FHi 
1 ; ' ; | 

.... 
* " 

— 
.:::. 

H 3-
: : : : :.:: 

i -p— 
-

-
. : 

—'—r . 5fr ._... 
rftrj 

• 

q — 
—.—., 
:. - ; • • 

/iff 
— 

.:::. 
H 3-

: : : : :.:: 

i -p— 
-

-
. : 

—'—r . 5fr ._... 
rftrj 

• 

q — 
—.—., 
:. - ; • • 

1 ! ! : ' : : 
r I • 

rtrrt 
• '• 

: : Q— "Si. 
• till 

I-:-
: :. 

• 

: j 

^ :::: i;''. 
..::.: —— - • 1 J - : [;; 

B : 
• 

. y^- $fj TTTt i — ^ 

1 ti 
" ' 

—— 
• • : :':,: 

: : : • ' , , : 
: ;| 

1 ; 
i . . . I 

/0 : 1 : "• 
... i i 

j 
/ . 

. 
.:.: :::.: i 

ffr 
.:.: ; . . | 

: : ! t :;:. . , 
i 

7 ,;i ...; . .. '. r '.'. i 
• 

':;''. .... 
" • • ' , 

• 

. . : . | • ^ ':::; . 

I. . i ^ 
• • 

• 

. . -
• • 

:. ' i ^ 
• • 

• 

. . -
• • 

:. ' 

r\ 
• ; ; • ' r. , .. 

1 :: 
1 j • 

. : . 

f 
1 • L • 

• 

• • 

- 1' ' 
• • 

:'. : \ '.': . — 
1 • • • 

• 

' . • 

f '.'..- • 
• • 

• • 

:'. : \ 
. • . ! y 

'.': . — 
1 • • • 

• 

' . • 

i 
; : : ; 

iiii, . 1 ' ' 
• 

: : • ,.''. ' i 
; : : ; 

iiii, . 1 ' ' 
• 

: : • ,.''. ' i 
; : : ; 

iiii, . 
! 

1 ' ' 
• 

: : • ,.''. ' 

:-.;.;::: I;ilp||] ; .... ' 

M . • 
j i 

• 
• ' f M . 3 , 

• 
j i 

• 
• ' f 

i . .. i 1 . . . . 1 . 
- f l " -rr—? -®- Si ̂ 

:..; ' 

j . 
A 

::: : . . '. . ; 
• : 

• 
: ' i . 

rr^B * t : apj£ 
1 

• ; 

• • 

1 A 
::: : . . '. . ; 

• : 

• 
: ' i . 

rr^B * t 1 

• ; 

• • 

:J . 
• 

• 

• ... ! i -

L '. J 
• • -

. : ;. :.: :':' 

rT-T}T" • , i . ; : .; 
• 

1 
: ' j " • : 

• 

Frfjj • 
j " • : 

• 

i . • 

• • 1 rr : ( ' : : :: / gi 
r /, 2 '• h 3! / Si / r A > / ? I 

! ' " • 

• — ...-
j . . ' 

• • 

•fHr ;: 

I m 
:: 1 

• ; • - ':, ... :;:: -
• . ' 

: ;
: . 

• 
• 

.... ; • • • ::' j : j j . sii 5ft fit ~/.5 
• • . 1 .... ; • • • ::' j : j j . sii 5ft fit ~/.5 
• • . 1 .... • • ::' j : j j . sii 5ft fit ~/.5 
• • . 1 

: " • 

: - ; j • ; ; 
^ / t Of w/ /£ /z 25 fit 3A\ j ' • 

: " • , . ' ' • :.. 
: - ; j • ; ; 

^ / t Of w/ /£ /z 25 fit 3A\ j ' i 
• 

l .': 
: . 

• 

tTlr : : ; • : 

-
. . . ' • ! • 

: ' I • 

i / / " h t . iSt 473 
\ 

•-
:::: 

| 
; • ........ 

.... 
.::. 
::: '::':': 

' , ; .1 

' ' 
• , . i , 

Y • 
... . n :: ::' 1 ; ; ; i!:; : : — 

i • ; • • 

:;: 
: ! • 

ffi ( .. • 

H ; • 

iLLL j_L i :;: 
: ! • 

ffi : j . 
• 

H ; • 



NO 540 -20 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO 
MADS IN U. S A. 



NO. iAO .20 DIETZGEN GRAPH PAPER 
2 0 X 2 0 PER INCH 

EUGENE DIETZGEN CO. 
MADl IN U. S. A. 



NO 340 : 0 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MACE I N U. S, A. 



NO 340 -20 DJETZGEN GRAPH PAPER 
2 0 X 2 0 PER INCH 

EUGENE DIETZGEN CO. 
MADS IN u. 9. A. 

: • • . . 

-»£> 

£ 
1 , -

o 
ts~ ̂  i *1 ^ 

T& 

HB 1 

. Qa 



NO 340 20 DIET2GEN GRAPH PAPtR 
20 X 20 PER INCH 

EUGENE DIKTZGEN CO. 
MADI IN 0 . S. A. 

— 
• : . : 

:.;;: 

: 

• ; - : ' 

— — 

•:::•.. 

1 ' - - 1 . . 
— 

. . . 

. ... 

. . . .' 

... 
: : • - . 

. - '. '11-

s - • • 

: ._: 
: 

sj 

"»* -

• • • 

: : ; I 

1 • • i 
• • 

V 
^ 

Fj 
- :" 
fj nr ...: 1 Si: 

• • : : ; ; 

n t t 

jte 

: : : ; -

IP I 
.:.: 
:::; 

k 
s 

— 

• • i ' • . 

TTT 
; 

" * 

_ 

- ,-;—, 

: * ' 

.... 
«ii 

i*^~ 

^ : \i :a 

_ _ . 
. . : • 

— 
. ' : • :::: 

H — 

:. : 

. . . 
- • • ; 

1 
- • " 

^— 
. . . 

1 ;"i 1. —, -
. 

„ -"-̂ — — il 
: ':. ' 

1 , 

M . 
i{.j y. 

- b 
U: 

— ^ — — ~. t " --
- — 

©1 ̂ . 
-. .... 

... 

- — 
• . . : 

> • * • - • 

- " • 

:::: 
Sr- , 

, 
-—! 

b 

1 — ~ — • • * - « - — 
-

^ 

— 
" " ^ 

: • 

vvJ t r r .;.; r r r 
. " . ! : , 

-—! 

b i 
— 

-
^ 

— vvJ t r r .;.; r r r 
. " . ! : 

' b i . : 
- - • k $ % - -

• - ; : '- ; -

£« $ Tp^ : 
...1 

, • 

' " : „ X H 
• b ^ 

• l h 

fVi 

Sir 
1—p& - • . ' 

N : TTTT 
. _ . 

1 * 

s 
rrrj: 

• 

; T ™ —\ , , . . , „ _ _ ... 
::~ 

: . N 1 * 

s 
rrrj: 

• 

; T ™ „ _ _ 

- • 1 - . ..: 
::~ 

X .... 

:. . 
. . : : p . , • r. : & 

• 1 • ; ;" :; 
. . . . f . . . . , 

i . . - -

• • • • - r< : ;• 
:. . 

. . : : p . , • r. : & 
• 1 • ; ;" :; 

. . . . f . . . . , 
i . . - -

• • • • 

• - 1 

;1 i: I nfe : - : 
i-

h ; 
• 1 

... 
. ..,. ] .... 

.... ;1 i: I nfe 
: • . • : : 

> : - : 
i-

h ; ... 
] .... 

.... 
| -

1 ^ 1 
.1 

• 

• 

• • 

. . . . • : m 
1 • 

i ?fc l ! 
:: ;: 

:; 
. . - j . 

. :. 1 • 

i ?fc ; l • 

! 
:: ;: 

:; 
. . - j . 

. :. 

,. .. 
• • 

; 5 1 

: ; / 
f ' :: :. • • 

; 'y\'r 
1 •• 
; T , . J • . j \ ; . • 1 

: 

' : 
1 -M 

• 4 " \''. 
\ 

. 1 

• 

— fr 
' "V 

.' 
• 

' 

ts ; $ r, 
• 

I 

• 

• 

! 



NO 340 20 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADI IN U. 9. >s. 



NO 3 4 0 - 2 0 D I E T Z G E N G R A P H PAPER f U G E N E D IETZGEN CO 
2 0 X 2 0 PER I N C H * MADS IN U. •* A. 



NO. 3 4 0 -ZO DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EJUGENE DIETZGEN CO. 
MADE IN U. 9 . A. 



r*u J-)U -SO DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

- . 
;:;: :; \ :•. f i r ; : 

r.'J: .. 

. 
' . [ . . • • 

. : 1 . : : • 
.:..;.." ;:; 

- '. . 
• J 

: v . : 
fo: 

^v 
JO 

' 
hfc 

: : 
• 1 ; • . . ; ; ' . ' 

< U :|i £ : 
-

' & i ? / 7 P 

....;. ._.. 
;•;]; -

" : " 

: 
uo* 

-
1 • • 

. " • 

: • ; > 
':'::: ' ^ 

uo* 
. ' 1 . • • • 

• -'- 1 
• ; • ; ; :: 

• ik 
i . : : • . ' 

• 1 • :: ... 

• 

v . -
s *ft : . • 

• • 

£ 
M 

4 . !#] feijj 
un S (J.f > : : fes 

Tf .1 r , 
:** K Ei 

Hr'W-
Jj .: 1 ! ' !"-. 

is h ' 31 l • • ; ;' ; -.:. 

snin 
"U •' 1 

& 
K3 

; , 
• 

: 
- --

snin 
"U •' 1 

^ . • ; 

r:ji . ;; 

^ <tr 
• ' • 

. n f , . 

.... r* <i 
• 

• 

[ ; ;.:. 
::': r* <i 

• 

• 

[ ; ;.:. 
: . 

i 
- • * • . • 

j 

• • • 

: 
: ; 

i 
- • * • . • 

j 

• • • 

: 
: ; 

. 
&1 

• 

. h • . - • • . : 

- . i . °( k 
• 

. :' 
;;; '. 

: / .. .;;;: 
... . ;;; '. • • • ^s 

: / .. .;;;: 

" :\" M\ 
/ ' ' ! • : ; ' 

.... 
ii 

- J" & - ' - gt 
: : • . . ; 

• ; : 

1: i _ 
. .. 

- ; 
• - ^ 

.. ; i " 1 . 

.. ; i " 1 . 

_ '. • m 

EUGENE DIETZGfcN CO, 
MAOK IN U. S. A. 

• 

:H: . ^ ~ ' ; • 

:H: :::: i i ; ' . 
• : i 1 • " -

r —V, 
; i ; i 

• 

^ 
* » : } : : : : 

k.-
> fep 

k- ! 
GO- : ;•: 

»s . ^ 
* » : } : : : : 

k.-
> fep 

k- ! 
GO- : ;•: SJ: 

* \\ . 1 . . . . . . . . . . '.'.'.' * \\ . 1 . . . . . . . . . . '.'.'.' * \\ . 1 . . . . . . . . . . 

... ...... 
:::-

: . . . . . 
'::; '::; 

• .; :: ::-

. ' : : 
- . • • • :_ 

... . 
• " 

. ' • ' • ;. : . ,'.-'xr :: 
-- — 

:::. ::.: |.!J . 
.... 

: : • ; • 

; ; 
{.-'•• 

: ; 

" '"£*i~ 
• " :::: • -" '"£*i~ 
• " :::: • -

•R ;- : 

B :..: ' ! , 
' • B V ' 

:..: ' ! , 
' • 

! •ii> S J i ._: ~.'r 

; .:.. % 
— .. ~̂_ 

• : : : 

mm^ i j 

. ; • ; : 

— ii . • • : 

^ 

..... 

• r — 
,_... u — 

- . I i • : 

. . 
— - — f .-̂ —̂ 

• 1 -
• 

::i: 

' — -

: 

— + — 

~: 

• • 
"' : " — 

• 4 -
: " — 

• 4 -

; „ • ' . 

-rrrf —— 
- -~ ! 

1 — 



NO 340 -20 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN U. 5. A. 

• : : : 

: : : • 

•iu 

0» 

m 
__ 

in 
"h 

miLifl 

e 
fefc tar 

JSrrlffl 

; - • 

:$ 

: . ; ' . • : 

• : . : . 

.: 

~cr 

•°T 

—1—0<: 

JO 



NO 340 -20 DIETZGE.N GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN U. S. A . 

— 1 : 
:; 

__p. 
. . . j 

. . : . — 

• ' • • • \ 

iijrji : 
; • - : 

- . . . m • . : : • 

. . . . . . . 
'.::. 

.: : . . . . . ; 
: : 

i • 
U» • - rfc- : : : «i ajS f=> 

•v. 

• • ' • • 

it 
— 1 

_£, i: . 

\ 
. _.. 

-CD . . , :. . 

, : 
1 -. - TTtf 

; : ; : . . . ' -

;_. 
! " : ' ' 

: : : . ; :'. 

TTTXl 
. : : : : .: . 

— : • • tti-jlni 
- -

• 

. :_. . . . 
. : 

- . , ; 
. 

T:rr 
' 

"~... „ . . _j .. _ 

1 ' ' 

j 

p 
lirtr 

P 
'. . . . 

• • -

J) 
1$ 

r— 

I 

I-

— j 

* ! 

ft:-; 
\> 

• • 

• • • • ' 

# 

1 

^ C > 

— _^, - — 

• 

-, — 

: . 
i 

rrfj 

1HI 

• • - • 

_ i — , _ 

1 i 
* - • 

: . 

TTtT 

. : . ; : 

: 

• ; : : 

. . . : 

. :. 

. . . . 

: • : • 

.: 

. . . 

. . 

.. 1 

-
j 

r^ 

| 

: . . . . 

' -

1 • • 

• 

. . . ^ 

• : : : 

fct.il 

r; • 

• t j 

. 

: . . . 

:_ ' : . 

: : ' • 

. . . . 

; : 

. .y. 

• • 1 

- - • 

-

: J. . 

TrrrJ 

• ; ; - ; 

-j 
. : • : 

: : • . 

• 

• , 

• 

-^ -̂
. 

— — 

- • • ' - • 

r̂ sr 

-^ r 

tm. 

K> 
— v 

" t t r 

-

. 

1 
bs 

t - > 
\s 

• 

• 

- - - • 

| 

! 

— 

; 

• 

14 ; 

:: :* 
L r— 

::r: 

'. 

i-4-i—-

' . ' • ' . . . . 

: ; : • 

— - ' 

• 

• • 

— 

gf 
- ^ 

*v 

—rt" 

% 

— 

H 
• ; 

i :. 

• : : 

.... j 

• | 

33 

— . — 1 

• ' - — — -

'•'{ 

-—r~T— ~ i — ~ " 

- ; ; ; ; • ; ; 

: . . . _ ^ : : 

: . . , • . . . „ . — . . 

1 — _ 

• • • : - : i . n 

H 
:: : 

..:::: 
• * • ' 

• 

[•-•• 

:::: 

- ~ 

| ! 

. 
• • 

• . • : 

,..._ .... 

fct.il


NO. 340 -20 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN U. S. A. 



NO. 340 -20 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN U. 3. A. 



NO 340 -20 DIETZGEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN U. 9 . A. 

s 1 
r-

I 
bs -Sr-K 

kife P si* 
& ^ 

rH 



NO. 3 4 0 -SO DIETZGEN GRAPH PAPER 
20 X ZO PER INCH 

EUGENE DIETZGEN CO. 
MACS IN U. S. A. 





NO. 340 -20 D1ETZGEN GRAPH PAPER 
2 0 X 2 0 PER INCH 

m m T — 

rri 

is 

a* iiH 

H 
<3 fh 

4̂  
rfx 

; 

f̂fi 

:-:: ::;:. 

• - + 

^r 
• 

i 
4 
. ^ 
-UU-
N 
H 

<> 

-rp-rrs" 

Wm 
m 

-
4 — 

IH 

m 
m 

- \ 

EUGENE DIETZGEN CO. 
MADS IN U. S, A. 



NO. ilAO -20 DIETZGEN GRAPH PAPER 
2 0 X 2 0 PER INCH 

EUGENE DIETZGEN CO. 
MADE IN U. S. A. 

- " • 1 '• " '• 

• • • 

. : :: 

! • - I 

iLliltX 

J Tv 
r*. I W 
1 m 
K! 
m 

to! 
Mi-

m 

r— 

J ' : . : 



-*-vj u i L l i V j t l s ( J H A P H PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO 
MADE IN U. S, A. 



NO 340 -20 D1ETZGEN GRAPH PAPER 
20 x 20 P E R I N C H 

EUGENE DIETZGEN CO. 
MADE IN U. 5. A. 



NO $AO 20 DIET2GEN GRAPH PAPER 
20 X 20 PER INCH 

EUGENE DIETZGEN CO. 
MADS IN U. S. A. 

1 
JS 

-1 

i 
wi 
ui 
Os 



APPENDIX I I 

TABLES' 

49 



s 

(U 
PQ 

O) O O C) O) O) O) O) O O O) O ) Oi O) 

cocococococococococococococo 
OaCSICMCMCOCMCOCNJCMCMCViCMWCvJ 

(Xi 

fe 
l O i o i A i o i o i o i o i o i o i o i o t o i o i a 

cococococococococooococococo 
N W N N N N N W N N N N W W 

M 
• P 

N W W N W W W W W t O l O t O t O W 
cocoeocococococococococococo +> 

& P4 

bD 

-p 

O O O O Q Q Q W i O W t O Q O O 
t O l D l f J t O U 5 0 0 t = - f c - & * - « > U J i O s 5 

• • • • • • • • • • • • « • 

t > f c » C - t * - t - C - t - < 0 < 0 < 0 < O t O « ) C O 

to totofcOfcOfcototototototoeoto 

fcOtOtOtOCOfcOCO^pTHtf3lOl>t-fc~ 
N M N W W W N N N W N W N W 

O C O » - l C O C \ i t - t O < M C M l f t l » t - t f > l £ 

O Q H H W W W H 
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TABLE I OBSERVED DATA 5R0TJP A (Continued) l / 2 LOAD 

Run t 1% L t g P t a MP BP 

1 155 1.80 co. 5 28 37.75 89 20 29.38 
2 88 1.80 23.6 28 37.75 89 20 29.38 
3 76 1.80 23.3 28 37.50 89 20 29.38 
4 87 1.80 22.8 28 37.50 89 20 29.38 
5 91 1.80 21.7 28 37.50 89 20 29.38 
6 95 1.80 20,5 28 37.50 89 20 29.38 
7 100 1.85 19.1 28 37.50 89 20 29.38 
6 106 1.85 16.4 28 37.50 89 20 29.38 

OBSERVED DATA, GROUP A l / 4 LOAD 

t K L t g P p t a MP BP 

1 94 1.00 11.7 28 37.25 89 15 29.38 
2 95 1.00 12.0 28 37.25 89 15 29.38 
3 98 1.00 12.1 28 37.25 89 15 29.38 
4 100 1.00 12.4 28 37.25 89 15 29.38 
5 102 1.00 12.3 28 37.25 89 15 29.38 
6 107 1.00 12.3 28 37.25 89 15 29.38 
7 112 1.00 11.9 28 37.25 89 15 29.38 
S 122 1.00 10.6 28 37.25 89 15 29.38 
9 138 1.00 8.7 28 37.25 89 15 29.38 
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TABLE I I OBSERVED DATA GROUP B FULL THROTTLE 

Sun t \ L t g F p t a MP BP 

1 165 2.60 38,7 28 38,00 88 28.92 29 
2 141 2.60 38.8 28 38*00 88 28*92 29 
3 132 2.60 38,5 28 38.00 88 28.92 29 
4 115 2.60 37*4 28 38.00 88 28.92 29 
5 90 2.75 32.2 28 38.00 88 29.35 29 
6 89 2.75 33.6 28 37.50 87 29.35 29 
7 85 2.75 35*3 28 37.50 87 29.35 29 

OBSERVED DATA GROUP B 3/4 LOAD 

Run t K L S PP % MP BP 

1 118 2.3 35.2 25 38, • 75 86 26, ,25 29 
2 116 2.3 36.2 25 38 .50 87 26 .25 29 
3 130 2.3 36.5 25 38 • 50 87 26, .25 29 
4 134 2.3 37.2 25 38, • 50 87 26, .25 29 
5 142 2.3 37.3 25 38 ,50 87 26, .25 29 
6 155 2.3 37.3 25 38, .50 87 26, 25 29 
7 166 2.3 37.3 25 38, .50 87 26, ,25 29 
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TABLE I I I OBSERVED DATA GROUP C (Continued) l / 2 LOAD 

Run t K 
w 

L to. g PP ta MP BP 

1 292 0 .75 23 .3 28 37.6 86 21 28.9 
2 272 0 .75 25 .3 28 37,. S 86 21 28.9 
3 260 0.75 25.9 28 37.5 86 21 28.9 
4 244 0 .75 25.9 28 37 .5 86 21 28.9 
5 230 9.75 25 .6 28 37 .5 86 21 28.9 

OBSERVED DATA GROUP C l / 4 LOAD 

Run t \ L h PF t a MP BP 

1 394 0 . 4 12.0 28 37.25 85 16 28.9 
2 386 0 .4 12.4 28 37.25 85 16 28.9 
3 374 0 . 4 13.0 28 37.25 85 16 28.9 
4 363 0 . 4 13.7 28 37.25 85 16 28.9 
5 354 0 . 4 13.7 28 37.25 85 16 28.9 

316 0.4 13.0 28 37.25 85 16 28.9 



TABLE IV CALCULATED DATA GROUP A 

Run q P *P 
Q 

1 1.860 0.2180 2.070 
2 1.812 0.2120 2.070 
3 1*750 0.2050 2.070 
4 1.690 0.1978 2.070 
5 1.560 0.1830 2.050 
6 1.380 0.1635 2*035 
7 1.316 0.1560 2,035 
8 1.229 0.1425 2.035 
9 1.140 0.1322 2.035 

10 1.108 0.1290 2.050 
11 1.091 0.1270 2.080 
12 1.062 0.1235 2.095 
13 1.031 0.1200 2.095 
14 0.991 0.1153 2.105 

CALCULATED DATA GROUP A 

1p »p <» 

1 1.458 0.1700 1.738 
2 1.442 0.1680 1.738 
3 1.417 0.1650 1.738 
4 1.358 0.1583 1.738 
5 1.310 0.1520 1.750 
6 1.256 0.1460 1.750 
7 1.177 0*1370 1.750 
8 1,131 0.1315 1.760 
9 1.082 0.1260 1.750 

10 1.031 0.1195 1.750 
11 0.975 0*1134 1.760 
12 0*937 0.108> 1.790 
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FULL THROTTLE 

A/F bhp e t 

9.50 13.33 12.10 
9.76 13.60 12.60 

10.10 13.70 13.20 
10*45 13.90 13.85 
i;.*20 14.08 15.20 
12.45 14.23 17.35 
13.05 14.10 18.05 
14.30 13.74 18.85 
15.35 13.40 19.75 
15.90 13.16 19.95 
16.40 12.82 19.75 
16.95 12.55 19.80 
17.45 12.15 19.80 
18.30 11.50 19.50 

LOAD 

A/F bhp ®t 

10.20 11.10 12.80 
10.34 11*33 13.20 
10.50 11.43 r .3.55 
10.95 11.53 14.30 
11*50 11.50 14.75 
12.00 11.57 15.50 
12.78 11.52 16.45 
13.30 11.33 16.85 
13.90 10*95 17.00 
14.65 10.15 16.55 
15.50 9.60 16.55 
16.50 8*63 15.50 
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TABLE V I I OBSERVED DATA GROUP 1 FULL THROTTLE 

Run i r f h ^ MP L BP ta 

1 0.2200 5.05 28 42.5 28,76 80 
2 0.2030 5.05 28 43.5 28.76 80 
3 0.1933 5.05 28 44.2 28.76 SO 
4 0.1867 5.05 28 44.8 28.76 81 
5 0.1700 4.90 28 45.2 28.76 81 
6 0.1533 4.85 28 44.5 28.76 81 
7 0.1400 4.80 28 43.5 28.76 82 
8 0.1333 4.75 28 41.3 28.76 82 
9 0.1266 4.75 28 40.3 28.76 82 
10 0.0112 5.00 28 36.8 28.76 83 

OBSERVED DATA GROUP 1 3/4 LOAD 

Run v f *V MP L BP *a 

1 0.1700 3.75 24.2 36.3 29*12 85 
2 0.1560 3.65 24.2 36,6 29.12 85 
3 0.1360 3.60 24.2 37.0 29.12 85 
4 0.1300 3.55 24.2 36.5 29.12 85 
5 0.1160 3.55 24.2 34.9 29.12 85 
6 0.1146 3.55 24.2 34.4 29.12 85 
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TABLE VIII OBSERVED DATA GROUP 2 (Continued) l/2 LOAD 

Run w* MP BP 

1 0.1133 1.35 20 23.8 28.9 81 
2 0.1100 1.35 20 24*5 28.9 81 
3 0.1033 1.40 20 25.1 28.9 81 
4 0.0933 1.40 20 25.5 28.9 81 
5 0.0866 1.40 20 25.0 28.9 81 
6 0.0800 1.40 20 24.0 28.9 81 
7 0.0733 1.40 20 21.8 28.9 81 

Run 

OBSERVED DATA GROUP 2 l / 4 LOAD 

* f *V * * L BP 

1 0.056 0.75 IS 12.5 29 92 
2 0.060 0.75 15 13.5 29 92 
3 0.066 0.75 15 13.7 29 92 
4 0.070 0.75 15 13.4 29 92 
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TABLE IX OBSERVED DATA GROUP 3 FULL THROTTLE 

Run wf h„ MP L BP ta 

1 0.0700 1.75 28.75 38.8 29 92 
2 0.0800 1.75 28.75 4 2 . 1 29 92 
3 0.0933 1.75 28.75 43 .5 29 92 
4 0.1060 1.75 28.75 43 .5 29 92 
5 0.1160 1.75 28.75 43 .5 29 92 

OBSERVED DATA GROUP 3 3/4 LOAD 

Run wf hjy MP L BP t a 

1 0.0666 1.4 25 34 .4 29 92 
2 0.0733 1.4 25 37.0 29 92 
3 0.0800 1.4 25 37.8 29 92 
4 0.0933 1.4 25 3 8 . 1 29 92 
5 0.1060 1.4 25 38.2 29 92 
6 0.1130 1,4 25 38.0 29 92 
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TABLE IX OBSERVED DATA GROUP 3 ( C o n t i n u e d ) \/Z LOAD 

Run mm i t - W L BP 

OBSERVED DATA GROW 3 l / 4 LOAD 

Run w f i% MP L BP 

* 

1 0.0866 0.80 19.5 24.1 29.13 87 
2 0.0833 0.80 19.5 24.6 29.13 87 
3 0.0800 0.85 20.0 25.2 29.13 87 
4 0.0800 0.85 20.0 25.8 29.13 87 
5 0.0666 0.85 20.0 26.6 29.13 87 
6 0.0633 0.85 20.0 26.5 29.13 37 
7 0.0600 0.85 20.0 25.2 29.13 87 

0.0566 0.85 20.0 26 .5 29.13 87 

1 0.0333 0.4 14.25 10.0 29.13 87 
2 0.0366 0.4 14.00 10.9 29,13 87 
3 0.0433 0.4 14.00 11.5 29.13 87 
4 0.0500 0.4 14.00 11.1 29.13 87 
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TABLE X CALCULATED DATA GROUP 1 (Continued) l/2 LOAD 

Run i Q A/F bhp H 

1 8.8 1.473 10.05 7.2 10.70 
2 8.2 1.473 10.80 7.86 12.50 
3 7.8 1.473 11.35 7.86 13.15 
4 7 .4 1.473 11.95 8.20 14.45 
5 7.0 1.473 12.65 8.27 15.45 
6 6 .7 1.473 13.20 8.10 15.75 
7 b . fc* 1.473 14.25 8.00 16.85 
8 5.8 1.473 15.25 7.67 17.25 
9 5.6 1.473 15.75 6.90 16.15 

10 5.2 1.473 17.00 6.54 16.40 

CALCULATED DATA GROUP 1 l/4 LOAD 

Run Wf Q A/F bhp H 

1 5.6 1.094 11.78 4.17 9.73 
2 5.0 1.094 13.20 4.43 11.55 
3 4 . 4 1.094 15.00 4.43 13.15 
4 4 .0 1.094 16.40 3.94 12.85 
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TABLE XI CALCULATED DATA GROUP 2 (Continued) l/2 LOAD 

Run *f Q A/P bhp *t 

1 6.8 1.155 10.20 6.35 12.20 
2 6.6 1.155 10.50 6.54 12.90 
3 6.2 1.175 11.35 6.70 14.10 
4 5.6 1.175 12.60 6.80 15.85 
5 5.2 1.175 13.55 6.67 16.75 
6 4 .8 1.175 14.20 6.40 17.40 
7 4 .4 1.175 15.50 5.81 17.50 

CALCULATED DATA GROUP 2 l/4 LOAD 

Run Wf Q A/F bhp et 

1 3.4 0.852 15.20 3.33 12.80 
2 3.6 0.862 14.20 3.60 13.05 
3 4 .0 0.852 12.90 3.65 11.90 
4 4.2 0.852 12.17 3.57 11.10 
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TABLE XII CALCULATED DATA GROUP 3 (Continued) l/2 LOAD 

Run "f 

5.2 

Q A/F bhp e t 

1 

" f 

5.2 0.849 9.79 4.82 12.10 
2 5.0 0.849 10.20 4.92 12.85 
3 4 .8 0.875 10.95 5.04 13.70 
4 4 .8 0.875 10.95 5.16 14.04 
5 4 .0 0.875 13.10 5.32 17.40 
6 3.8 0.864 13.62 5.30 18.20 
7 3.4 0.864 15.23 6.05 19.35 
6 3.4 0.875 15,45 5.30 20.30 

CALCULATED DATA GROUP 3 l/4 LOAD 

Run Wf Q A/F bhp H 

1 2 .0 0.6 18.00 2.00 13.05 
2 2.2 0 .6 16.40 2.18 12.95 
3 2 .6 0.6 13.85 2.30 11.55 
4 3.0 0 .6 12.00 2.25 9.79 
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TABLE XII I OPTIMUM VALUES FOR PROPAHE 

Rpm Load A/P bhp e. S 

2000 F u l l 12.10 14.25 15.80 0 .721 
2000 3/4 11.90 11.57 15.70 0.763 
2000 1/2 12.70 7.85 14.55 0.803 
2000 1/4 12.35 4 .15 10.00 1.173 

1600 F u l l 13 .6 10.350 17 .3 0.680 
1600 3/4 12 .5 9.970 16.4 0 .721 
1600 1/2 14.7 6.405 16.6 0.778 
1600 1/4 14.7 3.790 12.8 0.908 

1200 F u l l 13.70 7.84 17.00 0.676 
1200 3/4 13.85 6.94 17.20 0.672 
1200 l / 2 13.10 5.20 15.30 0.769 
1200 1/4 13.45 2.75 11.55 1.015 
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TABLE XIV OPTIMUM VALUES FOR GASOLINE 

Rpm Load A/F bhp «t SP 

19 .5 0.664 
19.5 0.667 
15 .1 0.838 
12 .5 1.275 

19.80 0.631 
19.00 0.686 
15.85 0.823 
12.50 1.045 

19.10 0.684 
16.75 0.777 
18.50 0.723 
11.75 1.100 

2000 F u l l 13.10 15.05 
2000 3/4 13.75 12.30 
2000 1/2 12.75 8.27 
2000 l / 4 12.50 4.48 

1600 Fu l l 13.30 12.40 
1600 3/4 13.00 10.54 
1600 1/2 12.60 6.80 
1600 1/4 13.35 3.66 

1200 F a l l 13.15 8.70 
1200 3/4 11.75 7.66 
1200 1/2 13.45 5.33 
1200 1/4 14.25 2.30 



VOLUMETRIC EFFICIENCY AT FULL THROTTLE 
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PROPANE: 

Rpm Efficiency 

2000 68.3^ 

1600 66.7$ 

1200 67.6$ 

GASOLINE: 

Rpm Efficiency 

2000 75.3# 

1600 75.0fc 

1200 72.8$ 



TABLE XVI MAXIMUM EFFICIENCY VALUES 
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PROPAUE; 

Rym 

2000 
1600 
1200 

2000 
1600 
1200 

2000 
1600 
1200 

2000 
1600 
1200 

Throttle Setting 

Full 
Full 
Full 

3/4 
5/4 
3/4 

iA 
1/2 
1/2 

1/4 
1/4 
1/4 

Efficiency 

20$ 
19.75$ 
18.55$ 

17.00$ 
16.85$ 
18.65$ 

15.50$ 
17.85$ 
16.20$ 

10.45$ 
12.80$ 
11.70$ 

GASOLINE: 

Rpm 

2000 
1600 
1200 

2000 
1600 
1200 

2000 
1600 
1200 

2000 
1600 
1200 

Throttle Setting 

Full 
Full 
Full 

3A 
sA 
3/4 

Xff 
1/2 
iA 
iA 
1/4 

Efficiency 

23.10$ 
23.20$ 
24.00$ 

21.80$ 
22.40$ 
22.40$ 

17.! 
17!70$ 
19.35$ 

13.32$ 
13.05$ 
13.20$ 
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APPENDIX I I I 

SAMPLE CALCTJLATIOHS 
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SAMPLE CALCULATIONS 

A, Brake Horsepower 

2IIL(DC)N 
b h P = 33,000 ~ 

The dynamometer i s g iven by t h e manufacturer so t h a t 

L(PC) 
b hp = «7^?r 6000 

B. Pounds of gasoline per hoar 

Wf = wf Z 60 

C. Pounds of propane burned p e r hour 

wf = Wp 

^ P • 

D. Pounds of fue l pe r b rake horsepower hour 
w x 60 

For propane Sp = -*~£~-

For gasoline Sn *
 f 1 6Q 

P bhp 

E. Densi ty of t h e a i r 

d - 1 » 5 2 5 ( B ^ ) a " f 

F. Pounds of a i r flowing i n t o t he engine pe r minute 

Q = 0.756CD2 h^ 6^ 

~^*r~ 
The o r i f i c e c o e f f i c i e n t C was obtained i n the fol lowing manner• 

The diameter of t h e p ipe l ead ing i n t o t he surge chamber was 2 

i n c h e s . The diameter of t h e o r i f i c e was one i n c h . The r a t i o of 

the o r i f i c e diameter t o the p ipe diameter was 0 , 5 . Applying this 

value t o the c h a r t of c o n s t a n t s f o r t h i n p l a t e o r i f i c e s t h e 

^ • S e v e r a s , W, H. and Degle r , H. B . , Steam, Air atxd Gas Power9 

John TTiley and Son, I n c . , New York, 1948, p . 399 
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corresponding orifice coefficient was determined. From this 

chart was also found the exit side factor which was used to 

determine the distance of the vena contraota taps from the 

orifice. 

(J. Determination of flow of propane at standard conditions: 

P«Ve PJtL 5 s a p p 

Ts ?p 

H* Thermal efficiency: 

s-fg» 

I# Cubic feet of propane per minute: 

V 2 cu ft (60) 
P " t 

J, Pounds of propane burned per minute; 

„ - Vs 
sp 

K. Air to fuel ratio: 

Propane: 

A/F = w, 

Gasol ine : 

v> = -% 
L. Volumetric Efficiency: 

m - 68*7 (Cycles/min.)(da) 
* " 1728 

e - ^a _ 


