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A Comparison of Various Vegetable 0Oils

As PFuels for Compression-Ignition Engines
Introduction

The compression-ignition type engine has been one of
the most efficient heat engines in use since Doctor Kudolph
vlesel first concelved the idea over fifty years ago. It
was Doctor Dieselt's idea to use powdered coal for tanis en-
gine, but he rsan into problems with his powdered coal
gsystem which nave not yet‘been solved. The fuel which he
finally selected was petroleum, and when diesel engines
came 1into general use, petroleum was the loglical choice for
a fuel. R

The United States is one of the few countries in tne
world fortunate enougn to have large supplies of petroleum,
wnich 1ts inhabitants have used none.too wisely. Ine
effects of thls wastefulness can be seen in ﬁﬁé diminishing
supply of oil accompanied by an increase in consumption;
therefore, the study of substitute fuels is of great
importance. Vegetable oills loom as a notable possibility
for engineé of compression-ignition class. Chief among the
vegetable oils for use as engine fuels are peanut, S0y bean
and cottonseed olls, which may be secured in untold abundance
ffom several agricultural areas of tne United States, thus

assuring an adequate supply of these olls at all times.



It is realized that the actual substitution of vegetable
oills for petroleum products is a matter for future con-
tingency, but a study and realization of the problems
involved is an absolute necessity both from the engineering
and economle points of view. FPresent planning will obviate

possible future stop-gap types of engineering research.




Jection I

3eneral Test Material

At fest Bngine:

Manufacturer --- falrbanks lorse Iodel 364
Numpber of c¢ylinders --- 1

[ype --- rour 3Stroke Cycle

rating --- 10 horsepower

Bore ~=--=---- 4-1/4 inches

Stroke ~-===-- 6 inches

Compression [(atio =-v=-veeu-- 14.5 - 1

Fhotographs appear on pages 4 and 5.

B3 Speclal Bqguipment:
Injection Pump ---- Bosch type, constant .stroke.
Injection Nozzle ---- Pintle type, which discharges into tine

pre-combustlon chamber.

Cs Auxiliafy Bgulpment:
(a) &=iectrical 3ystem:
Ine test enzgine was loaded with a direct current gen-
erator directly connected to the engine snaft. Tne field
of tne generator was exclited from a separate 110 volt source.
Power zenerated was dissipated through a system of reslstances.

ine wiring diazram is shown 1n Figure 1.
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(0) Alr meterinz systewm:
The intake alr for the engine was messured by an ori-
fice constructed and installed according to the method of

J.L. dodgsont

, and flow equationsuged were obtained from v
flodgson's data. To eliminate pulsating flow caused by a
periodic demand for air a fifty gallon drum was included in
the air intake system.

(c) 1Indicavor mechanism:

Indicator carde were taken with a Mahak high speed
indicator which utilizes a cantilever type spring. The in-
dicator was attached to the engine where a starting cértridge
would ordinarily go. Tne drum of the indicator was connected
to the crank shaft by means of a steel tape. The attachment
to the crank shaft and method of installation is snown 1in

Figure 2.

Ds Test Fuels:
{a) Experimental:
1. FPeanut 0il -- Obtained from the Dawson Cotton 0il Cdmpany,
Dawson, ‘Feorgla
£e. B0y Bean 0il -- Opbtained from Swift & Co., Atlanta, Ga.
3. Cottonseed 0il -~ Obtained from Buckeye Cotton (il
Company, Atlanta, Georgla.
(b) Standard: ' ‘
viesel Fuel -- QObtained from the 3tandard 0il Co., Atlanta, Ga.

(For phycical properties ses Section III)

1

Ower, E. The Measurement of Air Flow (London, Chapman,

and Hall Ltd. 1927) pp 50-57.
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E: Test Proceedure:

(a) Instruments:

Standard Taylor Mercury-in-glass thermometers were
used for tne f{ollowlng readings:

l. Wet and Dry bulb temperaturss of tne atmosphere.

Z. Bngine cooling water temperatures.

4. Alr temperature ahead of air meter.

A pyrometer operating from the thermocouple in the exhaust
gas line was used to medsure the exhaust gas temperature.

(b) Test Conditions:

1. Heating values - oill.

The heating value of each of tne oils used was deter-
mined in an Emerson Bomb calorimeter. A measured amount of
011 was burned in sn atmosphere of oxygen under a pressure
of three hundred pounds per square inch. ‘Ene témperature
rice of tihne water surrounding thne bomb was measured and tie
heating value calculated.

e WMiscellaneous physical tests?

The viscosity determinations of the oilé’were in terms
of Saybolt-Betonds:liniversalu:tPo make these determinations
a Saybolt Universal viscosimeter was used. The viscosity was
the tilme in seconds for sixty milliters to flow through the
orifice of the viscosimeter.

Tne flash and fire points were determined in an open
cup tester.

The specific gravity was determined by two metnods.

The first was 2 ratio of the weight of oll to the weight of

i




10
an equal volume of water; fne second was by means of a ny-
drometer. All values were determined at sixty degrees
Fahrenheit.

The carbon residue was determined b: the Conradson
metnod. Lne residue was expressed as a percentage of the
original weight of oill.

5. Performence tests:

Time ====- 30 minutes

Range ~--- 3.0 Brake horsepower to maximum obtainable under
operating conditions.

Number of tests: --- one for eacn vegetable oil and one for
the diesel oll.

These tests were carried out under reasonably controlled

conditions taroughout.
4, Sustained run tests:
Tne testing period varied from 20 to 46% hours.
'ne load was the maximum obtalnable for duration of run.
The length of each run was conditfioned by the available

&

supply of fuels.
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Section II
Tabulation of RKesults

The following tables give the physical properties and

the performance data for all oils under consideration.

Table I: Heating Value:

Diesel Ofl-=---ocommmmmme oo m e e 19,890 Btu per pound.
Peanut Qll--w--cmccmc e e e e 18,075 Btu per pound.
S50y Bean Oll---------c-mcmm e e - 17,5640 Btu per pound.
Cottonseed Qil--=----cmmmcmmmer e 16,860 Btu per pound.

Flash _ Fire
Liesel Ullemmmmm-mmmmmo S 223°F
Peanut 0il--======m=cmaeemgP0OF oo e mo oo 542°F
50y Bean Oll--me-mooomoma-o Y R T T 627°F
Cottonseed Oil=-=---m==oo- AT Es - B 602°F

Table III: Carbon Residue:

Diesel Oil--------~ Indeterminable with available equipment.
reanut Qil----==-----=-= e e et 0.365%
30y Bean Oll-=-=--=--- e ittt 0. 409%
Cottonseed Oll---cem o m e e 0.549%




12

Table IV: Specific dravity (s0°R)

Diesel 0il----==oo-ceuonm- 0e856-=-==~--mmmmmmmme e 34%Baume
Feanut 0il------=----~---= 0e91Bm=mmmmmmmmmmmmee 23°Baume
S0y Bean Qile-----e-eeaaa 0¢918mmmmmmmmm e e 22°Baume

Cottonseed 0il-----=------ 0,915---=mmmecmmmmeee oo 23%Baume

Table V: Viscosity (Saybolt-seconds Universasal)

Temp. °F Diesel 0il Peanut 0il Soy Bean 0il Cottonseed 0il

70 56 280 252 310
-90 46 200 185 210
110 38 150 140 150
130 de 115 110 110
150 29 23 90 90
170 26 75 | 75 v 72
190 ' 24 65 04 60
210 21 55 56 50

l'able VI: Performance Datg-~--~-- Diesel Oii!

" “Founds fuel Pounds fuel Tner. eff. Vol. efr.
Load per hour per d.P. hr. .
B.H. P Pounds Pounds Per Cent  Per Cent
5,01 2,16 0.716 17.9 77.5
4.24 2454 0,599 21.4 7763
3. 008 3.06 0.552 23.2 76.3
.90 3.58 0.514 24.9 76.5

0. 493 26.1 76,2




Table VII: Performance data-——F-Peanut 01il:

Load Founds fuel FPounds fuel  Ther., &LL.  Vol. Bff.

per hour per H.P. hr.
B.H.FP. Pounds Pounds Per cent Per cent
3.18 2. 78 0.874 16.14 78.0
4410 Se.22 0.785 17.98 77.3
5.46 3.74 0.085 20.60 77.2
7.11 4.56 0.640 22.00 76.3
3.22 5.10 0.620 _ 23.10 75.8
Table VIII: Performance data----- 30y Bean O1il:
Load  rPounds fuel Frounds fuel TIner. a&ff.  Vol. &aff.
per hour per H.P. hr. o _
Baida o Pounds ___FPounds Per cent  Per cent
3.01 3.02 1.002 14.40 90.0
4.5 3454 0.784 18.44 80.8
5.81 4430 0.740 19.50 . 79.8
7.8 5.1z 0.696 20.55 733
e 30 0.00 0,731 19.75 75.53
fable IX: Ferformance data----- Cottonseed, 0113
Load  Pounds fuel Pounds fuel Ther. &ff.  Vol. HEIf.
psr hour per H.FP., hr.
B.H.FP. Pounds Pounds Per cent Per cent
3.01 £.72 0.915 1.7 79.0
4.20 S.44 0.815 18.53 7768
5.89 4,42 0.750 20.15 76.4

7.14 5.14 04720 20, 95 75,2




1.4
To cempare the vegetalble olls with diesel oil the
fuel rste, fuel rate per horsepower hour, and thermal
efficiency were expressed as a percentage of these values
which occured at the maximum thermal effilclency ebtainable

with dlecel oil,.

Table X¢ Diegsel oil performance vglues which occured at

maximum thermal efficlency.

Logdemmmn e e et et e m e m e e m e e e em e = 1O Horgepower
Fuel ratemcecmc e e e ———— -4.8 Pounds per hour
Pounds of fuel per horsepower hoUl=—-memccrmccamenaeaa=0,490

Naximum thermal efficiency~—-—=weemeeaon ——————— S— Py

The following tables give the performance data expressed
ags a percentage of the performance values at maximum ther-

mal efficlenegy for diesel oll,

Table X1I: Performance data of peanut oll expressed as a

percentage of the value at maximum diesel thermal efficiency.

Load Pounds fuel Pounds fuel Thermal.Efficlency
peYr hour per H.« hour

rer Per cent Per cent Fer cent

cent

31l.8 57 9 17841 614

41,0 67,1 16042 6863

5446 7663 139.7 78e4

71.1 95,0 13045 8347

3262 106.2 12645 8746
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Table XIT: Performance data of soy bean o0il expressed ag a

nercentage of the values at maximum diesel thermal efficiency.

Load Pounds fuel Pounds: fuel Thermal Efficlency
per hour per H.P. hr,

Per Per cent Per cent Per cent

cent

30.1 6340 205,0 5443

4542 7368 160.0 7043

58.1 89,6 151,0 74,1

7365 106.7 142.0 : 76 o7

83.0 12643 14942 794

Table XILI: Performance data of cottonseed o1l expressed
as a percentage of the malues at maximum diesel thermal

efiiclencys

Load Pounds fuel Pounds fuel Thermal Efficlency
per hour per H.P. hr.

Per Per cent Per cent Per cent

cent ‘

30.1 56,7 186.5 6345

42,0 71.3 16645 7045

5849 92.0 153.0 76.7

714 107.0 14740 797




Table 7TV
Sustained  Run Data - Peanut 011

Ibs, [ Lbs. |Ther, Lbs. | Lbs. |Ther.
Time |Load |per. | per eff, Time |Load [per | per eff,

hour | H,P. hour | H.P. |
Hr ¥n| H.P. hour | o Hr Mn| H.P. hour | o
00 7454 11:30|8.53 | 5,32 0.624| 22,6
0:50 | 7.54/4.18 | 0,554]25.5 || 12:00 (8,53 | 5,36 | 0.624 | 22.6
1:00 | 7.54 4.58 | 0.605|23.3 || 12:30(8.53 | 5.36 | 0.624| 22.6
1:30 | 7.54/4.38 | 0.580(24.3 | 13:00(8,53 | 5.36 | 0.624 | 22.6
©:00 | 7.54|4.28 | 0.566|24.9 13:30(8.53 | 5.12 | 0.602 | 23.4
2:20 | 7.54[4.47 | 0.593 |23, 14:00 (8,53 |5.12 | 0.602 | 27.4
2100 | 7.54]4,38 | 0.506 (23,5 || 14:30c.53 [5.10 | 0,508 | 27,5
3:20 | 7.54]4.30 | 0.572(24.7 15:00|8.53 |5.18 | 0.607 | 23.2
4:00 | 7.54|4.52 | 0.600(23,5 || 15:30|8.53 | 8,14 | 0,603 | 23.4
4:30 | 7.54|4.26 |0.588|24.0 | 16:00(8.53 |5.10 | 0.508 | 23.6
5:00 | 7.54|8.36 | 0.588 24,0 | 16:308,53 |5.24 | 0.615]| 22.9
5:30 | 7,80(4.82 | 0,607 23,2 17:00|8.53 |5.28 | 0.620 | 22,7
6100 | 7.80(4.78 [0.607(23,2 | 17:30|8.53 |5.22 | 0.613| 23.0
6:30 | 7.80(4.82 | 0.603|23.4 | 18:00|7.20 |4.92 | 0.623 | 22.7
7:00 | 7.80|4.82 |0.618]22.8 | 1£:30|7.96 |4.92 | 7.623 | 22.7
7:30 | 7.80|4.80 |0.61822.8 || 19:00|7.90 |4.88'|0.617 | 22.8
8:00 | 7.80(4.82 |0.616(22.9 || 19:30(7.50 |4.90 |0.620 | 22.7
0:30 | 7.8004,80 |0.618|22.8 || 20:00[7.90 |4.72 |0.605 | 23,3
5:00 | 7.80|4.82 |0.619|22.9 | 20:30|7.90 |4.84 |0.613 | 25,0
9:30 | 8.53|5.44 |0.637[22.1 | 21:00(7.90 |4.8% |0.617 | 22.9
10:00 | 8,5% [5.44 [0.637(22,1 | 21:30(7.90 |4.84 |0.613 | 23.53
10:30| 8.53 (5,46 |0.650|22.0 | 22:00|7.90 |4.86 |0.615| 22.9
11:001 5.53(5.54 |0.641|22.0 || 22:30 (7,90 |4.86 lo.615] 22.9

/6



A R e

Suastalned Run

Data « Peannt ol Continued

Lbg,]| Ibs.| Ther,. Lbs. | Lbs, | Ther,
Time | Toad |per per aff, Time |Load |per | per eff.

hour| H.P. hour | H.P._|
Hr Wn | H.P, hourl g Hr Mp  E.P| ‘hour | 4
252:00 | 7.90 |4.82]|0.612|23.3 30:00|8.23 | 4.92|0.594 | 23,7
PrEaR0 | 7,90 [4.84(0.613|23.5 30:30|8.28 |4.921]0.594 | 23.7
24:00 | 7,90 14.86|0.615(23.0 31:30[|8.03 | 4.6 |0.580 | 24.3
24:30 1 8.28 [4.98[0.603 |22.9 31:30(8.03 | 4.6 |0.531 | 24.4
25:00 |1 8,28 [4.98|0.603 |23.6 32:00|8,03 | 4.74|0.57¢ | 22.7
25130 1 2.28 14.96]0.590(23,5 32:30|8.03 [4.6410.621 | 22.6
26:00 | 8,28 14,820,582 (24,2 33:00(8,03 [4.98 (0.623 | 22,0
2ER0 | B.28 14,860,586 (24,1 33:30(|82.03 | 5.00 0.646 2.2
D700 182,28 4,860,586 24,1 Z4:00(2,03 | 5.16 |0.835 | 22.2
27:30 | 8,28 |4.88]10.5%9 [23.9 34:230(8,08 |5.10(0.665 | 21,2
2700 12,28 |4,92]10.594 |22.8 35:00 (8,03 |5.34 0,682 | 20.7
PReR0 12,22 [4.8610,586 (24,1 35:30(8.03 |5.46 |0.682 | 207
et:0n | 2.28 [4,82]0.582 (24,2 36:00(8.02 |5.900,735 | 19.2
20:20 1 8.28 14,0410,597 123.6

/77



Table XV

| Sustained Run Data -~ Soy Bean 01l

Ths. [T6s. [Ther. | Tbs. | Lbs. |Ther
Time | Load | per per aff, Time Load |per per eff.

hour |(H.P. hour | H.P._ |
Hr ¥n| H.P. hour | 4 Hr Mn| H.P. hour | o
00 8.45 11:30{6.87 | 4.44 | 0.645 |22.4
0:30 | 8.45 | 6.34 |0.750/19.3 12:00 (6.87 | 4.46 | 0.649 (22,2
1:00 | 8,45 | 6,02 | 0,713 20,3 12:30 [6.87 | 4.58 | 0.888(21.6
1:30 | 8.45 | 5,98 | 0.707|20.4 13:00(6.98 | 5.00 | 0.715 (20,2
2:00 | 7.25 | 5,92 | 0.817|17.7 13:30 |6.,98 | 5,00 | 0.715|20.2
2:30 | 7.25 | 5.50 | 0.759]19.0 || 14:00|6.98 |4.86 | 0.696 |20.7
3:00 | 7.25 | 5.12 | 0,707 20.4 14:30 (6.98 |4.82 | 0.688(21.0
3:30 | 7.25 | 5.02 |0.692|20.8 15:0016.98 | 4.84 | 0.693|20.9 "
4:00 | 7.25 | 5,16 | 0.713| 20.2|| 15:30(6.98 | 4.60 | 0.659 |21.9
4:70 | 7.25 | 5.28 | 0.727|19.9 16:00 (6.98 | 4.88 | 0.699 [20.6
5:00 | 7.25 | 5,24 | 0.723|20.0 16:30 |6.98 |4.20 | 0.687 [21.0
S:30 | 7.25 | 5.34 | 0.737|19.6 17:00 |6.98+| 4.80 | 0.687 |21.0
6:00 | 7.25 | 5.40 | 0.745/19.4 17:30 (6,98 |4.84 | 0.691 |20.9
6:30 | 7.26 | 5.00 | 0.690|20.9 18:00 [6.98 | 4.92 | 0.705(20.5
700 | 7.25 | 5,20 | 0.718]20.1 18:30 [6.,98 |4.82 | 0.690|20.9
7230 | 6.33 | 4.88 | 0.773|18.7 || 19:00 |s.08 |4.78 | 0.683 |21.2
£:00 | 6.33 | 4.88 |0.773|18.7 19:30 (6.98 | 4.88 | 0.698|20.6
8:30 | 6.33 | 4.76 | 0.755/19.1 20:00 (6.98 | 5.02 | 0.718(20.1
0:00 | 6.33 | 4,62 |0,730/19.8 || 20:30(6.98 |5.04 | 0.722(20.0
030 | 6433 | 5.42 | 0,857 16.9 21:00 |6.98 {4.86 | 0.698 [20.7
16:00| 6.08 [ 4.84 | 0.795/18.2 21:30 (6.98 | 5.36 | 0.768[18.8
10:70| 6.97 | 4.44 |0.645/22.4 | 22:00|6.85 |4.62 | 0.672|21.5
11:00| 6.87 [4.50 |0.655122,0 22:30 ,35 la,62 [0.672 21,5

/8



Sustalined Run Data - Soy Bean

011 Continued

Ibs. | Lbs. |Iher. Ibs. | LbS. | Ther.,
Tme |Load | per | per |eff, Time |Load | per | per |eff,

hour | H.P. _ hour | H.P.,
Hr ln| H.P. hour | o | Hr ¥n| H.P. hour | 4
23:00(6.85 | 4.62| 0.672(21.5 I 35:00|7.69 | 5.12 | 0.666(21.7
23:30(6,85 | 4.84 | 0.674(21.4 35:30|7.69 | 5.10 | 0.669|21.8
24:00(6.85 | 4.44 | 0.670|21.5 36:00(7.69 | 5.16.| 0.672|21.5
24:30(6.85 | 4.52| 0.670|21.5 36:30|7.69 | 5.16 | 0.672/21.5
25:00(6.85 | 4.68 | 0.683|21.2 | 37:00(7.62 | 5.127| 0.666(21.7
£5:30(6,85 | 4.80 | 0,700 [20.6 37:30(7.69 | 5.42 | 0.704 20.5
26:00/6.85 | 4.68 | 0.683 21.2 38:00|7.69  5.24 | 0.682|21.2
26:20(6.85 | 4.82 0.703(20.6 38:30|6.85 | 4.94 | 0,721/20.1
27:00(6.85 | 4.76 | 0.693(20.8 39:00 6.85 | 4,94 | 0.721|20.1
27:30 6,35 | 4,92| 0.718(20.1" | 39:30(6.85 | 4.60 | 0.672(21.5
28:00|5.82 | 5.48 | 0.9/%|15,3 = || 40:00|6.85 | 4.94 | 0.721|20.1
28:305.82 | 4.80 1 0.885(17.3 40:30|6.85 | 4.80 | 0.700|20.5
29;00/5.,82 | 4.82| 0.829|17.4 41:00|6.85 | 4.66 | 0.680(21.3
29:30|5.82 | 5.10 | 0.877|16.5 41:306.85  4.60 | 0.671|21.2
30:00|5.,82 | 5.26 | 0.904[16.0 42:00/6.85 | 4.62 | 0.673|21.5
30:30 4.92 | 5.08 | 1,032[14.0 42:30|6.85 | 4,70 | 0,686 | 21,1
21:00(4.04 | 4.58 | 1.132|12,7 43:00|6.85 4.58. 0.676|21.4
21:30(4.04 | 4.48 | 1.111 13,0 43:30 6.85 | 4.72 | 0.689|21.0
32:00/4,04 | 4.36 1.080[13.4 44:00(6.85 | 4.74 | 0.692]20.9
30:3014.04 | 4.28| 1.060(|13.6 44:30|6.85 | 4,98 | 0.729(19.8
33:00|4.04 | 4,44 | 1.100 13.1 45:00|6.85 | 4.96 | 0,723/20.0
%3:30 7.569 | 5.30 | 0,689|21.0 45:30 6.85 | 4,78 | 0.699 20.7
34:00(7.69 | 5,30 | 0,689 (21.2 46:00|6.85 | 4.90 | 0.715/20.2
24:30(7,69 | 5.24 | 0.682121,7 46:3016.85 | 5,08 1 0,742|19.5

/9




Tabls

T “.JT I

Sustesined Run Dsta - Cottonseed 011

Ibs. |Lbs. |[Ther.| Lbs. |Lbs. |Ther.
Time | Load |per |per |eff, Time |Load |per. |per |eff.

hour (H.P. hour |H.P.__
Hr Vb | H.B. hour 4 IR e
00 7.14 11:30 | 4,19(|4.32 |1.032|14.6
0:20 | 7,14 |5.16 |0.723 (20,9 || 12:00 | 5.89|4.16 |0.706|21.4
1:00 | 7,14 [4.94 |0.693(21.8 || 12:30 | 5,89|4.16 '0.772 19.7
1:30 | 7,14 [5.40 |0.757(20.0 || 13:00 | 5,92|4.28 |0.618|24.5
2:00 | 7,14 | 5.40 0,757 |20.0 || 13:30 | 6,92|4.28 |0.618|24.5
2:30 | 5.29 |4.72 |0.788[19.2 || 14:00 | 6,02|4.56 [0.659|23.0
3:00 5,89 | 4,72 |0.788 (19.2 || 14:30 | 6.92|4.70 |0.679|22.5
3130 5,89 | 4,76 |0.808 |18,7 || 15:00 | 6,92(4.,52 |0.653|23.,3
4:00 | 5,89 |4.76 |0.830(18,2 || 15:30 | 6,92|4.94 |0.714|21.3
4:30 | 4,19 |4.22 |1.005 [15.1 || 16:00 | 6,92|4.82 |0.c97|21.7
5:00 | 4.,1¢ | 4.02 |0.963 (15.8 || 16:30 | 6,02(5,06 |0.731]20.7
5:30 | 4,19 |3.85 |0.918 |16.5 || 17:00 6.92 5,06 |0,670122.6
£:00 | 4,19 | 4,02 |0.963 (15,7 || 17:30| 6.92|5.14 |0.742]|20.4

20| 4.19 | 3.98 |0.952 15.9 || 18:00 | 5,89 (4.38 [0.746|20.3

7:00 | 2,19 [3.,78 [0.903 17.5 || 16:30 | 5.89 [4.54 |0.774[19.3
7230 | 4.19 |4.18 |1.70 [15.1 || 19:00 | 5.89 |4.36 '|0.746|20.3
©:00 | 4,19 [ 4.20 '1,00 [15.1 |[ 19:30 | 5.89 [4.48 |0.763|19.9
2:30 | 4,19 |4.40 [1.050 [15.9 | 20:00 | 5.89 [4.66 |0.775[19.5
9:00 | 4,79 | 4,54 (1,085 (16,0 || 20:30 | 5.89 |4.54 [0.774(19.6
G130 | 4,19 [4.0f [1.064 [14.3
10:00 | 4,19 |4.24 |1.012 [15.0
10:30 ) 4,19 |4.44 |1.060 [14.3
11:00 | 4,19 |4.56 11.087 D4.0
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Section III
Discussion

At Physical properties:

The heating values of the vegetable olls vary from
16,860 Btu per pound for cottonseed oil to 18,075 Btu per
pound for peanut oil, as shown in Table I. All of these
values are appreciably less than the diesel oll value. As
ﬁight oe expecfed, the fuel consumption per horsepower hour for
these vegetable olls varied with the heating value.

The flash and fire point temperatures of these vegetable
olls were observed to be higher than those of the diesel oil,
as shown in Table II.

Tne viscosities of the vegetable olils were observed
to be higher than that for the dilesel oil, as shown in
Table V and Figure 3. The higher viscosities of the vegetable
oills were not observed to have caused an 1lnjection lag. All
of the olls were 1injected into the engine at.approximately
the same degree of crank angle. B

The carbon residue values for the vegetable olls were
observed to range from 0.365%, for the peanut oil, to
0.549%, for the cottonseed oil, The establishment of the
carbon residue value for thevdibsel 0il was not possible with
the available test equipment but the observations with this
available equipment indicate that it was an extremely low

value.
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Bs Performance:

(a) Variable load conditions:

The fuel rate in pounds per horsepower was observed to
be higher for the vegetable olls than for the diesel oil, as
shown in Figure 4. The termquﬁt economical diesel value, u %

noted in the legend of Flgure 4;, is defined as the hnighest

thermal efficlency for diesel oll. The fuel rate for peanut

0il was less than the fuel rate for =oy bean or cottonseed

- &

oils, which were approximately the same.
‘ The tested vegetable o0lls showed pressure decreases 5

followlng the compression stroke, as shown by the ilndicator 0

cards in Flgures 7 through 1l2. T[his condition‘was:more pro-
nounced in the case of soy bean and cottonseed o0ils than for i
peanut oll. No measurable decrease 1n pressure for diesel

0ll was observed in this portion of the ecycle. The pressure
decreases on the part of the vegetable oils 1s probabdly due

to late ignition characteristics and could probably be

remedied by advancing the point of fuel injection.

The load range for the vegetable olls was observed to

be lower than the load range for diesel oil, as shown 1n

Flgure 4. In thls connection 1t saould be noted that the

test engine was designed for an oil that has the characteristics
of diesel fuel. The use of 0ils which have lower heatling values
and different combustion characteristics tend to make the

load range lower than that obtainable with diesel oil. In-
dications are that the redesigning of the engine to meet

neating value and combustion characteristics of these veg-

etable oils would probably extend the load range.
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(b) SBustalned load characteristics:

It was observed th.t there was a variatlon in sustalned
load characteristics among the three vegetable olls. High
values of exhaust gas temperatures were noted at different
times in the running of each of the test fuels. In the case
of peanut oll this occurred at the end of the run; in the case
of soy bean oil, before the twenty-eighth hour; in the case of
cottonseed oll, before the fourtn hour. Exhaust gas tempera-
tures are tapulabed in Tables XVIII, XIX, and XX in the
appendix. #ngzine periormance was observed to become erratic
at the above houwrs. A decline in thermal efriciency came
simultaneously witn the above conditions, as snown in Tables
AIV, XV, and XVI. T[o regain stable operating conditioﬁs and
reduce exnaust gas temperatures the englne load was reduced.

It was possiole to re-load the engine at the tnirty-
tnirda nour for soy bean oll and at the twelfth hour for
cottonsesd oil.

At the ccnclusion of the peanut oil run, a formation of
carton of approximately " iﬁ length was observed on:fhé end
of the injection nogzgle. It would seem that this condition
occurred in the tesgt run at the time of erratic performance

and nign ezhaust zas temperaturssz. Thssze tips were not found

D

N

upon break-down after the soy vean oll and cottonseed oll test

runs. Thersfore, it is indicaced that these form.tions were
destroyed at t.e hour that origlnal load conditions were
regolined for these two oils. 1In the case of peanut o0il the

orizinal load characteristlics were not regained bacause.. -

¥
i

i

)
|
.
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tae tert perlod was concluded.
No cotner unusual conditions were observed during, or

result of these tests. Carbon deposits on thne cylindef

jae)
o]
4]

nead snd walls were average.

fhe enzine periormance with peanut oil was better than
the perilormsnce with eilther soy bean or cottonseed oil, as
indicated by the tabulations in Tables VII, VIII, and IX
and tne curveg in rigure 4. More power was obtained from
beanut oil for a greater period of time belore load reductions
pecame necessary. The carbon formation of the tip of the in-
jection nozzle came at a later hour and load reductions
because of this formatlon were small. +1ne performance cuives
show tne fuel rate . per horsepower‘hour for peanut oil to be
less btasn the Cfuel rate per horsepower hour for either of
che other two vezetable oils. From the standpoint_gf this
investigstion, peanut oll can be used as a fuel for com-

pression-ignition type engines.
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C: Conclusions:

(a) Test results indicate that thne vegetable oils lnvesti-
gated are possipble fuels for compression-ignition class
engines. Of thecze oils pesnut oll is supsrior to either
20y bean or cottonseed oll wnlicih approximate each otner in
performance.

Before any of thuse Wegetable oils could be substituted
f'or diesel oil they would nave to be refined to a conditlion
approximating the diesel oil standard. GHesearch as to
effect of cylinder nead temperature on caropon tip formation
wyould be necesgary. Fossible corrosion problems in connsction
witn extendsd sustalined load operation would nhave to be in-
vestigated. |
(b) Aside from the use of vegetable oils from an englneer-
ing standpoint tne economic problem must be cons;dered.

The cost of diesel fuel is approximately $0.08 per gallon
against approximately $1.00 per gallon for the vegetable

oile, at present day market prices. However, these oils might
e used to advantage In other parts of tine world wnéfé_
petroleum fuels are expensive, scarce, and vegetable oils

are avallable in quantity.
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Appendlix I
Calibration Data

A: Thermometers:

The thermometers used in this serles of tests were
calibrated against thermometers certified by the bureau of
standards. All thermometers were callbrated for complete
emergence except those noted otherwisé. To correct for the
emergence necessary ln the calibration, the following

equation was used.
1. K = 0.000088 (T - t) D

K is tne correction factor to be added to the observed
readlng.
0.0000883 is the difference between the volume coéfficient of
expansion for glass and the volume coefficient of expansion
for gzlass.
T is the observed temperature. .
t is tne temperature of the air surrounding the thermometer
stem,.
v 1s the difference between the observed reading and the
emepgence temperature.

Correction curves for all thermometers used in tihis
investization are shown in Filgures 3z4:15. These thermometers

were callibrated as accurately as i1t was possible to read them.
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B: 4ir metering system:

L'o measure the air drawn in on the intake stroke of
the englne a flat plate orifice was used. Sketches showing
the dimensions of this orifice and the installation detd ls
are gliven in PFigures 17 and 18.

I'ne orifice was installed in a nominal 12" diameter
plpe line, just shead of a fifty gallon drum. The inside
diameter of tne pipe 1s 1l.61 1ncnes and diameter of the
orifice is 0.805 inches. This gives a ratio of diamcters
of two and aratio of areas of four.

Ihe expansion of alr was assumed to follow tne per-

L)
O
o
o
Q

gas equatlon for an 1sentropic expansion.

2. P VK = g
P i1s the pressure in pounds per square inch absolute.
is tne volume in cublic feet.

the ratio of specific heats.

s <
(.
w

is a constant.
Assuming that equation 2 holds and that the same welght, of
alr paszes each point in the intaske line, the following

relztionship can be derived.

3. q = ag 2Wr® (P, - Pp)
e (c)
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q 1s tne guantity of air flowing 1n pounds per second.
9 is the area of tne orifice in square feet.
g 1s the acceleration of gravity.
r is tne ratio of pipe area to orifice area.
(fl - P2) is the pressure drop across the orifice 1in pounds

oer square foot.

(@

is tas compressipility factor.
By rearrsnging the terms in eguat:on 3 the following

equation obvlously follows.

4. @ = 7.62 aa! wr? (hy - ho)

(C)
ré -1

% ls tne quantity of flow in pounds per minute.

a 1s the area of tne orifice in sqguare inches.

Tt

a' 1s the coefficient of discharge for the orifice.

w ls tune upstream density in pounds per cublec feet.

r 1s tne ratio of tne upstream plpe to the orifice area,
(fq - hy) is tae pressure drop across the orifice inAincnes

of w

Ay

C il: tne compressibility factor.
7.02 is a constant obtained from taking all conversion factors
sr.d other constants snd combining bthnem into one.

'ne coelfiriclent of discharge for this orifice was

from Hodgson's dats.and tne condltions waich he im-

upon construction and installation were ovgserved.
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dedgeoon concluded thst L€ boe ratio of <ieas was greater
thaa 1.7 and the pressure on tae wown cbream side ol the ori-
fice wae not leses than 9874 of the total pressure a coefliclent
of a2iscnarge of O.ol could be used with only small errors.
31leo 1f the above conditlons were observed tne compressibility
Tector could ve neglected. Accordicgl) an orifice was desipgned

for g prescure drop of eizht inches! of water and a ratio of

)

arzo: ooi Tour. LThe final eguation dealing only the

precsoure drop snd the density of tihe upstream alr follows.

5..@ = 2.44 Vw (b - b))

% 1ls the [low in pounds per milnute.

w 1s the density of the upstresm air in pounds per cubic feet.
(ﬂl - hg) is the pressure drop across the orifice in inches

of water.

In egustion 5 the only terms witleh have to be determined
are the pressure drop across the orifice and the dehéity of
tns upetream alr. The pressure drop can be read from a
differential manometer, and the density of the upstream air
moy 0e oblained from the barometer reading and the wet and
dry bulb tempersatures of the atmosphere.

To ({ind the density of the air it 1s necessary to know
the amount of moisture in the air. Tnls may ve read
from a psychometric chart witn reasonavle accuracy. ‘‘he

dengity of tne alr was found from perfect gas relations



after calculating a value for the perfect gas constant.

The gas constant was obtelned using the values 55.54 as

the gzas constant for alr, and the value 85.7 as tne gas

consbtant for water vapor. The equation used 1s as

follows:s

6. R = R, + Ry (wy)

Wy + Wy

R is the perfect gas constant.

i, is the gas constant for alr.

Ry is tne gas constant for water vapor.

W, 1s the weight of water vapor per pound of dry alr.
W_ 1s the welight of dry air, one pound.

Ine density Follows from the perfect gas equation.

W 1s tne density of the alr in pounds per cublc foot.
r 1s the absolute pressure in pounds per square foot.
it.1s the perfect gas constant.

T is the tempe rature 1n degrees fahrenhelt absolute.

C: Generator csalibration:
A direct current generator directly connected to
enzine shaft was used as a method of varying the load.

4 direct current generator affords one of the most

the
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flexlble means of varying the 1sad on a test engine, but
it nas tne disadvantage of having many variables to
consider In the calioration. The generator selected for
test purposes was calibrated carefully at a number of
different speeds.

T'ne losses assoclated with the generation of a direct
current are mechanlcal losses such as brush and bearing
frictiqn; losses caused by eddy currents in the generator;
the power loss necessary to overcome the resistance of the
armgture anc 'ield; and the loss due to a slight sparking
at the brusnes. This particular generator was separately
excited =o tnere was no direct loss due to a voltage drop
acrosg the rield.

Pne'stray power loss and the mecnanical losses can
be combined into one loss wnica tne author has chosen to
czall stray power losses. #hen this term appears hereafter
it refere to thils combinstion. To evaluate the stray power

losses guantitatively the author ran the generator as a motor.

e

fnis operation was carried out at various speeds and with

the gsame Fleid current that was used when tne motor ran as
a generator. Tne power required to run the motor with no
load was tne stray power 1loss at that particular speed. ‘[lhese
obzervations were made at several different speeds, and a
curve was plotted giving power loss versus speed, as shown
in Figure 1%.

I'ne resistance of the armature was determined by

cauasing current to flow through the armature and by observing
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Appendix II

Sample Calculations

At Heatingzg value calculations:

47

I'ne temperature in the following observed data for

coy beean 211 retfers to the temperaturec ol the water sur-

Opserved Data 30y Bean 011l

rounding the bomb in an Emerson sBomb calorimeter.

Time Temperature
fin. -Sec. °¢
CO: 0.570
1:00 0.580
2:00 0.585
5300 0.590
4:00 C.595
5:00 0.600
5:30 0.94
©:00 2455
6230 3634
7:00 3.64
7:30 3.84
8200 3,92
8230 3. 98
9:00 4.010
9: 30 4.030
10:0U 4.035
10: 30 4,040

T e




Observed Data 30y Bean 01l (Continued)

Time Temperature

11:00 4,040

12:00 4,040

13:00 4.035

14:00 4.030

15:00 4,025

15:00 4.020
Welght of pant--=cmemeecccmmax e ————————— ~5.0123 grams
Welght of pan and 3ucrose=----—==ecem-vcmecrema- -7.5714 grams
Welght of pan, sucrose and Olle~w-w-womememeex 7.5759 grams
Welght of water--~=--~w-wee-m-- e 1900 grams
Hesting value of sucrose®ee-ee—e—oo-- 3942 Calories per gram

Ine inltisl temperature of tnhne whter was three degrses
Fanrenheit velow tne temperature of the surroundihgs, so
tazt rsdiation would change slgn at apbout six tentns of the
totzl temperatucre rise. 3ucrose was added to tne oll to
f'orm a base from whilich the o0il could be burned.

8., Heating value = (ty - o) (i W) - Hg g
Wo

(1.8)
(tl - tg) is the corrected temperature diflerence of tne
water whicn surrounds the bomb in the calorimeter, in ©C.
Wy is the welght of tne water in tne calorimeter 1in grams.
4. 1s tne water eguivalent of thé calorimeter 1in grams.

H, is tne neating vslue ol tihe sucrose in calories per gram.

e iz tne weigat of the oil in grams.

TEUTEEW 6T Standards calibration.
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#  1sg the welzht of the sucrose in grams.

1.3 ig the conversion factor which changes calories per

zrzm o Btu per pound.
ine temperature rise was corrected for radlation.

Inictial rate of radiation: Q.600 - 0.570 0.006°C per min.

S min. -

Fingl rate of radiation: 4.040 - 4.020 = 0.004°C per min.
5 min.

Total observed rices 4,040 = 0.800 = 3.440°;

Yempersture at whlcn radlabtlon cnanges sign:
046 (5.440) + 0.600 = 2.604°C

i‘nis temperature occurs at 6,288 minubzs, as [oand vy using

a ctralzht line interpolation on the obssrved data.

Time lfor Lnitizl radiation: 6.256 - BH.000 = 1l.280 minutes . !

]

Pime for final reciation: 11.000 - 6.289 4.714 minutes
Corrected 1altial temperature: 0.600 + 1.286 (0.008) = 0.608°
Corrected f£inal temperature: 4.040 + 4.714 (0.004) = 4.059°

Correctsd temperature rise: 4,039 - 0.908 = 3.481%entigrade

#ater egulvalent of Calorimeter: 450 grams
selaht of sucioser 7.5714 ~ 605123 = 1.0581 grams R e
welunt of oil: 7.9759 = 7.5714 = 0.4045 grams |

Heuting value: [2.451 (1900 + 450) - 1.0591 (3941)) 1.8 . 17,850 |
0. 4045 s

Stu per pound.

Ine metnod of determining the water eguivalent of the
calorimeter war similar to the method used in determihihg
the heating valus. 4 coal of known heating value was
burned in tns bomb under the same condltlons as were the
nils. Enowing the neat released by the coal, the water

equivelent of the calorimeter foblow@.fpnmu@qu&ﬁion Ee




Bs  Larbon recidue:s
lo determine the carbon residue a sample of oill was
vaporized ana tine residue weighed. [he residue was ex-

preczed as 8 Dercentage of the original weight. A4

typlcal example of tne method of calculation will be given

hare.

fype Of Oll =-mmcmmc e e e e e e e e e 30y bean
delzat of dry crucible--=memmmmmr e m e o 16.2406 grams
NeightAOf crucible plus oll-=---mem-wmanau- £29.4103 grams
Nelgnt of erucible after burning oil------- 16.2948 grams

Fer cent carbon residue: 16,2948 - 16,2406 - '
25. 4165 - 1s.0406 100 = 0.411%

G: Calculation of performance data:

'ne following =series of calculations saows the method

w

used for estavlisning performance characteristies. Only
enougn data are presented nere to snow Uhe typical cal-
culzbions for performance. One run is shown and it only
in p=art. por tae rect ol tne ooserved. performance data

cee [able Y¥.I in tonis section of the appendix.

50y Besn 0il

Time Volts Amperes Fuel weight
Min. Founds

00 220 6 14.35
0310 220 o

0:20 220 6

0:30 220 s) l2.84

30

¥
!




Poundz of fuel per hours: 2 (14.35 = 12.84) = 3.02

Power at zenersabor terminals: 220 _(6) a  1.320 kw.
1000 ,

e Paiite 1240

Stray power losst 0.900 kw.

Armature resistance: 0.303 Ohms.

Copper loss in armature: (6)° 0.303 = 0.012 kw.

1000
Voltage drop across brushes: 2
Srush arc losst 2 (6) - 0.012 kw.
1000 .

Total losses: 0.924 kw.
Fower generated at engine snaft: 1.320 ¢ 0.924 = Z2.244 kw.

¥

Horsepower generated ab engine shaft: 2.244 - 3,010 H.p.

0.746
Pounis of fuel per Horsepower hour: 3.02 = 1.002
3.010 ”
deating value of fuel: 17,640 Btu per pound.
Thermal efficlency: 2545 = 14.4%

1.002 (17640)
2545 is tne number of Btu in one horsepower hour.
For comparison purposes, all values were expressed in terms
of the equivealent diesel o0il values.
viesel load at maximum thermal efficiency¢------ 10 H.P.
Jiecel fuel rate at maximum thermal efficiency:---4.80
rfuel rete per H,P. hour at maximum diesel efficiency----0.490
Maximum diesel thermal efi'iciencys------- 264 3%
Usine tne above daiesel values thne points for the performance
curves were determined.

Horsepower: ~---3,01 (100) = 30.1%
10

Fuel rate: 3.02 (100) = 61.7%
4.80
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Fuel rate per H.P. hour: 1.002 (100) = 205%
0. 490

Ihermal efiiciency: 14.4 (100) 54,6%

20.3

D:  Alr meter calculations:
Barometer 29,1z" Hg. or 14.30 pounds per square inch
Temperaturess: det bulb 630F Dry bulb 79°F

Specifilc humidity: 0.0086 pounds per pound of dry alr.

Gas constant: R = 53.34 4 85.7 (0.0086) = 53.7
' 1.0086

Manometer difierence: 7.3 inches of water.

Jenaity of alr vapor mixture: 14,30 (144)
53.7 (76 + 460)

sWeignt of Alr: 2.44\/_5757IZ_T7737 = 1l.76 pounds per min.

Cylinder dimensions: 44" bore; 6" stroke

a 0.0714

Cylinder volume: (4.25)% 3,14 6 . !

e — - 0.049 b t i

I7T20) 5 - 492 cubic fee ﬂﬂ

I_{a Po[\:io 1840 N
Intzke s=trokes per revolutiou: 045

visplacement: 0.0482 (1240) 0.5 = 30.5 cubic feet per min.

Volumeteric efficiency: 1l.76 pounds per min. B <. 80.9%
30.5 (0.0714 pounds per cuft.) e
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