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E)ERENTAL INVESTIGATION OF THE PHYSICAL PROPERTIES


OF MEDIUM AND HEAVY OILS, THEIR VAPORIZATION


AND USE IN EXPLOSION ENGINES.* 

Br Fritz Heinlein. 

PART II.


Evaluation of the Experiments. 

VP, t 

Vo 

p-- 

P 1 = 

Pt 

t . = 

.t2

weight in grams of fuel introduced into vacuum, 

vapor volume (cm) at temperature t oo uncorrected, 

= vapor volume (cm3 ) at temperature t.0 0 corrected, 

reduced to 0°C and 760 mm Hg, 

barometer stand at O°C, 

mercury level in barometer, 

It	 1 experiment tube, 

vapor pressure in mm Hg 

temperature of heating vapor, 

I, barometer, 

II	 room. 

	

The volume V t	 calibrated at 0°C, has increased at 

	

t oo by V,t reading	 x t (3	 0.00025, the coefficient of 

expansion of glass), so that for the V t reading, we must 

*'From "DerMotbrwagen, Oct. 31, 1925, pp. 647-654; Dec. 20, 
1925, pp. 792-799; Feb. 10, 1926, pp. 75-58.

/
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now write Vp,	 Vp,t reading ( .1 + 0.00025 t). The mercury 

column in the barometer tube must be reduced to 000, hence 

P to p - (1 - 0.00081 t 1 ). The mercury column in the experi-

ment tube must likewise be reduced. It is here necessary to 

make the reduction in two parts, since the upper portion has 

the temperature t of the heating jacket, while the lower por-

tion, outside of the heating jacket for a length of about 180 

mm, maybe assumed to have a tperature of about 	 The 

reduction of p1 - 180 mm givps (p 1 - 180) (1 - 0.000181 t) 

and 180 (1 - 0.000181	 ). Moreover, in calculating the 

vapor p reesures at high temperatures, the tension of the mercury 

must be taken into account, which can be obtained from the 

Landolt-Brnstejn tables. 

Experimental Results 

In the following tables, the first column gives the temper- 

atures t of the heating vapors;. the second column givee the 

vapor pressures	 t which are the difference between the cor-

rected mercury columns of the barometer and experiment tube. 

The third column gives the corrected vapor volume V,t for 

every vapor preosure. The fourth column gives the calculated 

volume for 0.1 gram of the liquid, in order to have the same 

weight as the basis for all the fuels. Columns 5 and 6 give 

the volume Vp , t	 h o reduced to 0°C and 760 mm Hg, and the 

specific volume v03 which is involved in the calculation of
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the vapor density D (column 4and is given only for the ex-

perimental conditions which produced complete evaporation of 

the fuel introduced. 

In Figs. 3a-llb the pressure-volume curves are plotted for 

the different tc p eraturcs on the basis of the corresponding 

tables and the vapor-pressure curves derived from them. The 

explanation of this process has already been given.. The weight 

G of the substance introduced into the vacuum is given at the 

head of each table. The vapor density D was calculated ac-

cording to the formula 

________ 1 760 
D = 0.001293 Vp,t	

(1 + at).



N.A.C.A. Technical Liemorandum No. 363 	 4 

TAB LE III. 

Gas oil. G= 0.gam (.0013 . oz.). 

Temp. Vap.	 pres. 
p,t 
Hg

Vap.	 vol. 
Vp, t

V 
for 6.i g 

(.00353	 oz.) 

00°F mm in. cm3 cuin cm3 cu.. in. 
45	 113 4.0 .16 26.0 1.59 68.78 4,2.0 
Carbon 3.5 .14 49.0 2.99 129.64 7.91 
disul- 3.0 .12 73,0 4.45 193.12 11,78 
phide 2,0 .08 96.0 5.98 259.26 15,82 

2..0 .08 - 121.0 7.38 320.10 19.53 
1,5 .06 146.0 8.91 386.26 23.57 
1.5 .06 170.0 10.37 449.73 27.44 
1.0 .04 196.0 11.96 515.86 31,48 

63	 145.4 5.0 .20 26.5 1.62 70,10 4.28 
Methyl 4.5 48 49.5 3.02 130.94 7.99. 
alcohol 4,0 .16 73.5 4.49 194,44 ll.7 

4.0 .16 99.0 6. 04 261,90 15.98 
3.5 .14 121.5 7.41 313.7 19.15 
3,0 .12 146.5 8.94 387.77 23.66 
2,5 .10 170.5 10.40 451.05 2752 
2.0 .08 196.5 11.93 517.19 31.56 
2.0 .08 219.0 13.36 579,36 35.35 

98,-208.4 12,0 .47 27.0 1.65 71.43 4.36 
Water 12,0 .47 50.0 3.05 132.27 8,07 
vapor 10P .39 74.0 4.52 195,76 11.95 

8,0 .31 100.0 6.10 264.05 16.11 
7.0 .28 122.0 7.44 322.07 19.65 
6.0 .24 145.0 8.85 383.05 23.37 
5.0 .20 171.0 10,43 452,03 27.58 
4.5 .18 196.0 11.96 518.05 31.61 
4.0 .16 219..0 13 ? 36 579.04 35.33 

130	 266 49.0 1,93 35.0 2.14 .92.6 5.65 
Methyl 40.0 1.57 55.0 3.36 145.5 8.88 
alcohol 31.0 1.22 78.0 4.76 206.3 12.59 

28.0 1.10 101.5 6.19 268.5 16.38 
23.0 .91 125.0 7.63 330.7 20.18 
20.0 179 173.0 10.56 457.6 27.92



Yap. vol. 
VP, t 

cm3 CU. irL. 
22.5 1.57 
40.0	 1 2.44 
60.0 3.66 
81.0 4.94 

104.0 6.35 
124.0 7.57 

158.0 9.64 
1'73.0 10.56

P, t 
for 0.1 g 

(.00353 oz.) 

cm3 i	 cu. 
56.8 3.47 

105.6 6.43 
158.7 9.68 
214.2 .13 .07 
275.1 16.79 
328.3 20.03 
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TAE LE III (Cont.) 

Gas oil. G	 0.0378 gram .(.9013 oz.).

Va-o. tres. 
Temp. 

t 
•07  

162	 395.6 93.0 3.05 
Turpentiize 84.0 I	 3.31.. 

52.9 2.05 
59.0 1.54 
52.0 1.26 
50.0 1.18 

Completely 29.0 1.14 
evaporated 27.0 1.06 

TABLE III (Cont.) 

. 0 a	 Vmor 
Tep	 79 rj(92)	 esity 

Completely CUfl
188 7.59 

evaporat 5.85 •	 .23 101.8 6.21 7.59
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TABLE 

Rositzer fuel oil. G = 0.0406 g (.00143 oz.). 

iemp..
VaD.	 pres. 

P,t
Vap.	 vol. 1.

for 0.1 g 
(.00353	 oz.) 

00	 OT mm in. cm cu.in. cm cu.in . 
63	 145.4 5.3 .20 18.0 1.10 44.3 2.70 

4.0 .16 41.0 2.50 100.9 6.16 
3.0 .12 65.0 3.97 1	 160.1 9.77 
2.5 .10 99.0 5.43 219.2 13.33 
2.0 .08 113.0 6.90 278.3 16.98 
2.0 .08 137.0 8.36 337.4 20.59 
1.5 .06 162.0 9.29 399.0 24.35 

97	 206.6 12.0 .47 20.0 1.22 49.2 3.00 
8.0 .31 41.0 2.50 100.9 6.16 
6.0 .24 65.0 '3.97 160.1 9.77 
4.5 .18 890 5.43 219.2 13.38 

• 4.0 .16 114.0 6.96 230.7 17.1 
3.0 .12 158.0 8.42 339.9 20.74 
2.0 .08 161.0 9.82 396.5 24.20 

144	 291.2 76.0 2.99 34.0 2.07 83.7 5.11 
53.0 2.09 53.0 3.23 130.5 796 
48.0 1.89 77.0 4.70 189.6 11.57 
45.0 1. 717 100.0 6.10 246.3 15.03 
40.0 1.57 123.0 7.51 302.9 18.48 
35.0 1.38 145.0 8.85 357.1 21.79 

Completely 30.0 1.18 172.0 10.50 --
evaporated. 26.0 1.02 217.0 13.24 H-

173	 343.4 119.0 4.69 46.0 2.81 113.3 6.91 
105.0 4.13 85.0 5.19 209.3 12.77 
78.0 3.07 106.0 6. 4.7 

Completely 69.0 2.72 130.0 7.93 
evaporated 56.0 56.0	 1 2.20. 160.0 9.76
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I	 TLE IV (Cont.) 

Rositzer fuel oil. G = 0.0406	 (.0Ol3 oz.). 

TeIp. 
t

V. at 0°C 
(32°F) 

700 mm(2.29	 in
Sp.	 vol. 

v0
Vaocr 

density 
D 

Ci Cu. lfl. cm3 Cu. in. 
Completely J4. 44 .27 109.3 6.5? 6.80 
evaoorateci. l4.85 .30 119.2 7.27 6.78 I	 675 

173	 343.4 -_ - 

6.85 .42 163.8 10.00 4.83 

Completely 7.21 .44 177.4 10.83 4.354 
evaporated 7.21 .44 177.4 10.83 35 435)

4 



Vap.. pres.	 Vp. vol. 
.Tep.	 p,t	 V0 

t 
ciT3 cu.in. 
42.0 2.56 
66.0 4.03 
90.0 5.4-9 

114.0 6.96 
138.0 8.42 
162.0 9.89 
183.0 11.].7 

43.0 2.62 
67.0 4.09 
90.0 5.49 

114.0 6.96 
139.0 8.48 
162.0 9.29 
171.0 10.43 
217.0 13.24 

60.0 3.66 
80.0 4.88 

102.0 6.22 
125.0 1	 7.63 
147.0 8.97. 

66.0 4.03 
83.0 5.06 

107.0 6.53 

129.0 7.87 
152.0 9.28 
172.0 10.50 
196.0 11.96 

Vp,t 
for 0.1 g 

(.00353 oz.) 
C]fl3 CU. ill. 

100.4 6.13 
157.8 - 9. 133 
215.3	 1 5.14 
272.7 16.64 
330.1 20.14 
387.5 23.65 
437.8 26.72 

102.8 6.27 
160.3 9.78 
215.3 13.14 

'-, . .2 

332.5 20.29 
337.5 23.65 
409.0 24..6 
519.1 51.68 

143.5 8.76 
191.3 11.67 
244.0 14.89 
299.0 18.25 
351.6 21.46 

]57.9 9.64 
198.5 12,11 
256.0 15.62 

in 
6.0 .24 
cr\ 
5.0 .t0 
4.0 .16 
3.5 .14 
3.0 .12 
20 .08 

10.0 .39 
9.0 .35 
8.0 .31 
7.0 .28 
6.0 .24 
5.0 .20 
! Q 16 
3.0 .12 

76.0 2.99 
63.0 2.48 
52.0 2.05 
44.0 1.73 
4-0.0 1.57 

101.0 3.98 
93.0 3.66 
82.0 3.23 

72.0 2.83 
64.0 2.52 
t; rl	 m '-

50.0 1.97

°C	 OF 
44 111.2 

63 145.4 

97 206.6 

130 266 

Completely 
evaporated

N.. C.A. TechnicalThmorandum No. 363
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TABLE V.


Solar oil.G'=04-l8 g (.03322 o-.). 
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.TiBLZ V (Cont.) 

Solar oil. G	 0.918 c (.03322 oz.). 

at 0 0 C Vapor 
Temp. S o . Vol. cnsity 

c0mm(9.29	 in.) 
- Hg_____  

Cll cu. in. cr3 cu in 
Completely 8.28 .51 198.1 12.09 3.91 
evaoratc5. 8.67 .529 207.4 12.66 3.73 

8.72 .53 208.0 12.70 
'8.72 .53 208.3 12.74 3.69.'



mm in. cm3	 cu.-* n. 
5.0 .20 58.0	 2.31 
5.0 .20 62.0	 3.78 
4.5 .18 87.0	 5.31 
4.0 .16 113.0	 6.30 
4.0 .16. 135.0	 i	 8.24 
3.5 .14 158.0	 9.64 
5.0 .12 183.0	 11.17 
3.0 .12 206.0	 12.69 

8.0 .31 39.0	 2.38 
8.0 .31 62,0	 3.78 
6.0 .24 86.0	 i	 5.25 
5.0 .20 110.0	 6.71 
5.0 .20 135.0	 8.24 
4.0 .16 185.0	 11.29 
3.0 .12 183.0	 11.17 
3.0 .12 208.0	 12.69 

14.0 .55 39.0	 1	 2.38 
13.0 .51 62.0	 I	 3.78 
11.0	 1 .40 86.0	 5.35 
10.0 .39 110.0	 6.71 
9.0 .35 158.0 H 9.64 
8.0 .31 183.0	 11.17 
6.0. .24 208.0	 12.69 

16.0 .59 39.0	 2.38 
14.0 .55 62.0	 3.78 
12.0 .47 86.0	 5.25 
11.0 .43 110.0	 6.71 
100 .39 135.0	 824 
9.0 .35 158.0	 9.64-
8.0 .31 183.0	 11.17 
6.0 .24 208.0	 12.69 

16.0 .71 41.0	 2.50 
16.0 .63 65.0	 3.97 
14.0 .55	 J 89.0	 5.43

0 C	 OF 
63 145.4 

76 167 

98.5 209.5 

118 244.4 

175 347

• N.A.	 Technical emorandum iTo. 363	 10 

Paraffine oil. 

Vap. pies 
Terip.	 p, 

t

TABLE VI. 

G = 0.0384	 rz.' 

Va.p. vol. 
-	 p,t .fof 

(.0035 
cm3 
98.9 

161.4 
226.5 
294.2 
351.5 
411.4 
473.5 
541.6 

101.5 
161.4 
223.9 
286.4 
351.5 
4-11.4 
476.5 
541.6 

101.5 
161.4 
223.9 
286.4 
411.4 
476.5 
541.6 

101.5 
161.4 
223.9 

351.5 

541.6 

106.7 
169.2 
231.6

t
g 

3 oz.) 
cu.in. 
6.04 
9.85 

13.82 
17.95 
21.45 
25.10 
29.08 
33.05 

6.19 
9.85 

13.66 
17.48 
21.45 
25.10 
29-08 
33.05 

6.19 r 
13.66 
17.48 
25.10 
29.08 
33.05 

6.19 
9.85 

13.66 
17.48 
21.45 
25.10 
29.08 
33.05 

5.51 
10.33 
14.13 
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TABLE VI (Cant.) 

Paraffine oil. 0-	 C.038'r	 (.00135 OZ.). 
Vcp.	 pres. yap..	 iyol. 

Tep. I for 0.1 g t H P-  (.00353	 oz.) 

Completely
rim	 in. Cm3	 cu.in. 

11.0	 .1-3 114.0	 6.9L -- evaporated 10.0	 .39 138.0	 8.42 --
9.0	 .35 163.0	 9.95 --
8.0	 .31 183.5	 11.20 --

TLE VI (Cont.) 

-v	 at	 C 
Trn. I	 '-O) Sp.	 vol. Vapor 

760	 m(29.29	 in.) ° e	 itr 

cm3	 cu, .in. C 3	 CU. in. 
Completely 1.009	 .0616 26.29	 1.50 29.4 
evacorated. 1.111	 .0678 28.93	 1.77 26.7 

11.183	 .0722 30.82	 1.88 25.0 1s 0 i.is;	 .0723 30.82	 1.88 25.0
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TABLE VII. 

Coal-tar oil I. G = 0.094 g (0033lS OZ.)4 

T er!m
Vap.	 .pre S . 

p t
Vap. vol. 

T.

VD t 
for 6.1 g 

(.00353	 oz.) 

°c	 OF Mr, in. crn cu. in! cm3 Cu. jr 

20.5	 68.9 29.0 1.14 37.0 2.26 39.4 2.40 
22.0 .87 60.0 3.66 63.8 3.89 • 21.0 .83 87.0 5.31 92.8 5.66 
19.0 .75 107.0 6.53 113.8 6.94 
17.0 .67	 1 130.0 7.93 138.3 8.44 
14.0 .55 154.0 9.40 163.8 10.00 

35	 95 1	 43.0. 1.69 39.0 2.38 41.5 2.53 
37.0 1.46 62.0 3.78 65.9 4.02 
30.0 1.18 84.0 1	 5.13 89.3 5.45 

• 27.0 1.06 106.0 6.47 112.8 6.88 
25..0 .98 130.0 7.93 138.3 8.44 
23.0 .91 I	 154.0 9.40 163.8 10.00 
21.0 .83 178.0 10.86 189.3 11.55 

44	 U1.2 61.0 2.40 43.0 2.62 45.7 2.79 
50.0 1.97 64.0 3.91 68.1 4.16 
42.0 1.65 87.0 5.31 92.5 5.64 
37.0 1.46 109.0 6.65 115.9 7.07 
32.0 1.26 132.0 8.06 140.4 8.57 
30.0 1.18 155.0 9.46 I	 164.9 10.06  
27.0 1.06 180.0 10.98 191.5 11.69 

63	 145.4 91.0 3.58 50..0 3.05 53.1 3.24 
72.0 2.83 70.0 4.27 74.4 4.54 
59.0 2.32 91.0 5.55 96.8 5.91 
53.0 2.09 114.0 6.96 1	 121.2 7.40 
46.0 1.81 136.0 8.30 144.7 8.83 
41.0 1.61 •	 160.0 9.76 177.2 10.81 
37.0 1.46 188.0 11.47 194.7 11.88 
35.0 1.38 206.0 12.57 219.1 13.37 

78	 172.4 1	 116.0 4.57 50,5 5.08 53.5 3.26 
93.0 3.66 69.0 4.21 73.4 4.48 
77.0 3.03 89.0 5.43 94.7 5.78 
cB.0 2.68 111.0 6.77	 • 118.1 7.21 
59.0 2.32 1	 133.0 8.12 151.5 9.24 
54.0 2.13 156.0 9.52 166.9 10.12 
50.0 1.97 178.0 10.86 189.3 11.55
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TABLE VII (C9nt.) 

Coal-tar oil I. G	 0.094 g (.003316 oz.) 

Temp.
Vap. pres. 

p,t
Vap. vol. 

V.
I

for 0.1 g 
(.00353	 oz.) 

mm in. cr& cu.in. cmP cu.in. 
98.5	 209.3 140.0 5.51 58.0 3.54 61.7 3.77 

116.0 4.57 75.0 4.58 79.8 4.87 
89.0 3.50 95.0 5.20 101.0 6.16 
82.0 3.23 117.0 7.14 124.4 7.59 
76.0 2.99 138.0 8.42 146.8 8.96 

Completely 69.0 2.72 160.0 9.76 --
evaporated. 62.0 2.44 178.0 10.86 

54.0 2.13 207.0 12.63 - - 

120	 248 150.0 5.91 64.0 3.91 68.0 4.15 
131.0 5.16 79.0 4.82 83.6 5.10 

Completely 118.0 4.65 99.0 6.04 --
evaporated 99.0 3.90 119.0 7.26 - - 

86.0 3.39 139.0 8.48 --
74.0 2.91 162.0 9.89 --
66.0 .2.60 185.0 11.29  
59.0 2.32 207.0 12.63 --

134	 273.2 171.0 6.73 64.0 3.91 68.0 4.15 

Completely 139.0 5.47 102.0 6.22 --
evaporated 116.0 4.57 123.0 7.51 --

101.0 3.98 145.0 8.85 -- 
86.0 3.39 173.0 10.56 --
78.0 3.07	 1 191.0 11.66 --
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TABLE VII (Cont.) 

Coal-tai' oil I.	 G = 0.094 g (.003316 oz.) 

V0 at 00 0 Vapor 
Temp. (320F.) Sp. vol. density 

t 760 mm (29.29 in.) VO D 
Hg 

cm3 cu.in . cm3 cu.in . 
Completely 10.67 .651 113.5 6.93 6.82 
evaporated 10.72 .654 114.5 6.99 6.79 

10.80 .659 114.9 7.01 6.74 

120 .	 248 - - - - - 

Completely 10.67 .651 113.5 6.93 6.82 
evaporated 10.76 .657 114.4 6.99 6.77 

10.92 .666 116.1 7.08 6.67 
10.96 .669 116.6 7.12 6.64 
11.12 .679 118.2 7.21 6.48	 6.48 11.12 .679 118.2 '7.21 6.48 

134	 273.2 - - - - 

Completely 12.51 .763 132.9 8.11 5.82 
evaporated 12.59 .768 133.9 8.17 5.78 

12.60 .769 134.0 8.18 5.77 
(13.13 .01 139.6 8.519 5.55 
113.14 .802 139.7 8.52 5.55
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TABLE VIII. 

Coal-tar oil II. G = 0.0352 g (.003 oz.)


Temperature Vapor pressure Vapor volume	 V0.t for 0.1 gram 
t o o	 p,t	 V pyt	 (00353 oz.) 

Hg 
mm in cm3 cu. in. cm3 cu. in. 

32	 89.b 6 3.0 .12 33.0 2.01 38.7 2.36 
2.5 .10 52.5 3.20 61.5 3.75 
2.5 .10 78.5 4.79 92,1 5.62 
2.0 .08 100.5 6.3 1179 
2.0 .08 126.0 7.69 147.8 902 
1.5 .06 149.0 9.09 174.8 10.67 
1.5 .06 174.0 10.62 204.2 12.4 

63	 145.4 7.0 .28 28.0 1.71 32.8 2.00 
6.0 .24 50.0 3.05 58.6 3.58 
5.0 .20 75.0 4.58 88.0 5.37 
4.0 .16 100.0 6.10 117.3 7.16 
3.5 .14 124.0 7.57 145.5 8.88 
3.0 .12 149.0 9.09 174.8 10.67 
2.5 .10 173.0 10.56 200.3 12.22 
1.5 .06 197.0 12.02 231.2 14.11 

72	 161.6 9.0 .35 31.0 1.89 36.3 2.22 8.0
.31 50.0 3.05 58.6 3.58 

7.0 .28 75.0 4.58 88.0 5.37 
6.0 .24 100.0. 6.10 117.3 7.16 
6.0 24 123.0 757 144.3 8.81 
40 16 149e0 909 174.8 10.67 

.12 172.0 10.50 201.9 12.32 

97	 206.6 18.0 .71 30.5 1.86 35.8 2.18 
15.0 .59 53.0 3.23 62.2 3.80 
13.0 .51 77.0 4.70 90.3 5.51 
11.0 .43 101.5 6.19 119.1 7.27 
9.0 .35 125.0 7.63 146.7 895 
8.0 .31 148.0 9.03 173.7 10.60 
8.0 .31 173.5 10.59 203.6 12,42
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TABLE VIII (Cont) 

op. 	 II.	 G = 0.0852 g (.003 oz.). 

Temperature 
.00

Vapor pressure I 

p,t	 I
Vapor volume 

Vp,t
V	 for 0.1 gram 

-	 (.00353	 oz.) 

°	 OF m in. CL-3 cu. in. cm3 cu-in. 
110	 230	 1 20.0 1.02 32.5 1.98 38.1 2.32 

22.0 .87 55.0 3.36 64,5 3.94 
20.0 .79 78.0 4.76 91.5 5,58 
18.0 .71 103.0 6.29 120.9 7.38 
17.0 .67 126.0 7.69 147.9 9.03 
16.0 .63 150.0 9.15 176.0 10.74 
15.0 .59 175.5 10.71 205.9 12.56 
13.0 .51 199.0 12.15 233,5 14.25 

173	 343.4 65.0 2.56 36.0 .2.20 42.2 2.58 
03.0 2.48 63.0 3.84 73.9 4.51 
59.0 2.32 87.Q 5.31 102.1 6.23 
57.0 2.24 113.0 6.90 132,6 8.09 
53.0 2.09 137.0 8.36 160.8 9.81 
50.0 1.97 159.0 9.70 186,8 11.40 
42.0 1.65 18.0 11.17 214.8 13.11 
7 0.0 1.18 205.0 12.51 240.6 14.68
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TABLE I. 

Ke rosene. G = 3.0456 g (.00161o:.). 

Temp. 
t°0  

Van. pres.	 Vap.	 vol.	 V. - 
v p , t	 10T 0.1 g 

(.00353.oz.) 
00	 O in.	 cm3

_______ 

ou.in. 1	 cm3 cu.in. 33	 02.4 4.0 .16	 46.0 2.81 105.5 6.44 
4.0 '.16	 70.0 4.27 160.5 9.79 
3.0 .12	 94.0 5.74 I	 215.6 13.16 
3 * 0 .12	 119.0 7.26 272.9 16.65 
2.3

 
110	 142.0 i	 8.67 325.6 19.87 

2.0 .08	 ii 	 166.5 10.16 381.9 23.30 
1.0 .04	 1	 190.0 11.59 435.8 26.59 

60	 140 12.0 .47	 4-3.0 2.93 110.1 6.72 
12.0 .47	 72.0 4.39 165.1 10.07 
11.0 .4.3	 95.0 5.80 217.6 13.28 
9.0 .35	 i	 120.0 7.32 275.2 16.79 
8.0 .31	 144.0 8.79 330.2 20.15 
6.0 .24	 168.0 10.25 385.3 23.51 
0.0 122.0 -. 

11. 7 2 -*O.3 20.87 
73	 163.4 19.0 .75	 49.0 2.99 112.4 6.86  

18.0 .71	 72.5 4.42 165.1 10.11 
17.0 .67	 96.0 5.86 220.2 13.44 
13.0 .51	 120.5 7.35 276.4 16.87 
11.3 .4-3	 144.0 8.79 30.2 20.15 
10.0 .39	 120.5 7.35 276.4 16.87 
10.0 .39	 169.0 10.31 . 387.6 23.65 
100 .59	 193.0 11.78 442.6 27.01 

97	 206.6 39.0 1.54	 54.0 3.30 123.9 7.56 
• 32.0 1.26	 76.0 4.64 172.0 10.50 

29.0 1.14	 99.0 6.04. 227.0 13.85 
27.0 1.06	 123.0 7.51 282.1 17.21 
24.0 .94	 157.0 9.53 337.1 20.57 
20.0 .79	 171.0 10.43 392.2 23.93 
18.0 .71	 19 5. 0 11.90 447.2 27.29 

120	 248 73.0 2.87	 81.0 4.94 185.8 11.34 
65.0 2.56	 103.0 6.29 236.5 14.43 

Completely 53.0 2.09	 130.0 7.93 -_ 
evaporated 49.0 1.93	 160.0 9.73 --

45.0 1.77	 174.0 10.62 --
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TABLE IX (cont.)  

Kerosene:	 0= 0.0456g (.00iai oz.).  
r	 .-4.. V 0	 c•1	 j 

T o:-!	 i (320F) Sp. vol. Vapor 
°c	 i (bC m:L9.29 in.) V0 density 

Hg D 
cnr	 CU.ifl. cm3 cu.in . 

Co	 .j l ee1 38 1'	 3 3 80 36 
evaooratcc' 7.01	 .1-3 160.8 9.81 4.81 

7.31	 .43 160.3 9.81 4.81 

r--
J2J 

3crzcl (benzene) . 0 = 0.3038 g (.01089oz.) 
7ap.	 ircs. Temo . VaD.	 vol. V - 

for 0.1 g 
(.00353	 oz.) 

00	 OF mm	 in. Cm3 cu in. C3 CU.ifl. 
22	 71.3 74.0	 2.91. 71.0 4.33 22.9 1.40 

73.0	 2.87 95.0 5.80 30.7 1.87 
72.5	 2.85 118.0 7.20 33.2 2.33 

L	 68.0	 2.68 167.0 13.19 54.0 3.30 
66.3	 2.60 190.0 11.59 61.5 3.75 
34.0	 2.52 214.0 13.06 69.3 4.23 

36	 93.2 121.0	 4.76 82.0 5.00 26.5 1.62 
l2.0	 4.72 106.0 6.47 34.3 2.09 
119.0	 4.69 130.0 7.93 42.0 2.55 
118.0	 4.5 154.0 I	 9.40 49.8 3.04 
117.0	 4.31 180.0 10.98 58.2 3.55 
116.0	 4.57 203.0 12.39 65.7 4.01 

43	 1.09.4- 171.0	 6.73 96.0 5.86 31.1 1.90 
164.0	 6.46 117.0 1	 7.14 37.8 2.31 
159.0	 6.26 140.0 8.54 45.3 2.76 
148.0	 5.83 161.0 9.82 52.1 3.18 
144.0	 5.67 185.0 11.29 I	 59.9 3.66 
142.0	 1	 5.59 204.0 12.45 1	 67.6 4.13 

61	 141.8	 1 262.0	 11.10 98.0 5.98 31.7 1.93 
268.0.	 10.55 127.0 7.75 41.1	 - 2.51 
257.0	 10.12 140.0 8.54 45.3 2.76 
354.0	 10.00 166.0 10.13 53.7 3.28 
250.0	 9.84 188.0 11.47 60.8 3.71 
244.0	 9.61 210.0	 1 12.81 68.0 4.15
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TABLE .X (Cont.) 

Benzol ('oenzene. G = 0.5088 g (.01089 oz.). 

TemiD. -	 Vap. pres. Vap. vol.
P31 t 

U
T

V'0 for 0.1 
(.0035	 oz.) 

0C	 0F mm in. cm3 CU- In. , cm3	 CU. in. 
97	 206.6 486.0 19.13 i	 150.0 9.15 48.5	 2.96 

439.0 17.28 166.0 10.13 53.7	 3.28 

Completely 418.0 16.46 182.0 11.11 --
evaporated. 389.0 15.31 1	 198.0 12.08 --

362.0 14.25 216.0 13.18 --

TABLE X (Cont.) 

V 0 at 0°C 
(32 0F) Sp.	 vol. Vapor 

toc 760 rnm(29.29	 in.) v0 density 
Hg 

cu. in. cm3 cu. in. 
Completely 7.25 4.51 239.1 14.59 3.22 
evaporated 74.77 4.56 242.1 14.77 3.!9'03.19 75.91 4.63 245.8 15.00 3.19,
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TABLE XI.


GaEoline. G	 0.1101 g (.00338 oz.). 

iemp. 
t°0

Vap. p res. 
p,t 

Hg

Vap. vol. 

Vp - 
'

TO, 
for '3.1	 g 

11.00353	 oz.) 
mm	 1 in. cm3 cu.in . cm3 cu.-in. 

18.5	 65.3 63.0 2.48 23.0 1.41 20.9 1.28 
51.0 2.01 44.0 2.69 40.0 2.45 
44.0 1.73 65.5 4.01 59.0 3.61 
39.,0 1.54 88.0 5.39 80.0 4.90 
38.0 1.50 111.0 6.80 100.9 6.18 
34.0 1.34 135.0 8.27 122.7 7.51 
53.0 1.30 159.5 9.77 145.0 8.88 
30.0 1.10 183.0 1i.2L 166.3 10.18 
0.0 1.18 206.0 12.61 187.2 11.46 

37	 92.6 110.0 4.53 .35.0 2.14 31.8 1.95 
96.0 3.78 51.0 3.12 46.3 2.83 

• 80.0 3.15 73.0 1.47 66.3 4.06 
71.0 2.80 95.5 5.85 86.8 5.31 
81.0 2.40 118.0 7.23 107.2 6.56 
59.0 2.32 140.0 3.57 127.2 7.79 
5.0 i	 2.09 166.0 10,16 150.9 9.24 
50.0 1	 1.97 188.0 11.51 170.9 10.46 
48.0 1.89 2110 12.92 191,8 11,74 

44	 111.2 1290 5.08 59.0 2.39 35.4 2.17 
115..0 4.53 56.5 3.46 51.3 3.14 
91.0 3.58 77.0 4.71 70,0 4.29 
81.0 3 . . 19 98.5 6.03 89.5 5.48 
72.0 2.83 119.0 7.29 108,1 6.62 
67.0 2.64 143.0 8.76 130.0 7.96 
64.0 2.52 167.0 10.23 151.8 9,29 
61.0 2.40 190.0 11.63 172.7 10.57 
59.0 2.32 213.0 13.04 193.6 11.85 

63	 145.4 144.0 5.67 67.0 4.10 60.9 3.73 
127.0 5.00 86.0 5.27 78.1 4.7 
111.0 4.37 106.0 6.49 96.3 5.90 
101.0 3.98 128.0 7.94 116,3 7.12 
91:0 3.58 150.0 1	 9.18 136.3 8.35 
88.0 3.46 173.0 10.59 157.2 9.63 

• 82.0 3.23 195.0 11.94 177.2 10.85 
76.0 2. 99 218.0 13.35 198.1 12.13 
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TABLE XI (Cant.) 

Gasoline. G= 0.1101 g (.00388 oz.). 

T er.m. 
•	 C

V
p,t V

 V*	 t I	 p 
for.O.J. 

(.00353 
C	 °F nm in.	 1 cm3 cu.in. cm3	 cu. in. 

97	 206.6 246.3 9.69 70.0 4.29 63.6	 3.89 
214 8.43 98,0 5.39 80.0	 4.90 
190.0 7.48 101.0 6.18 91.9	 3.62 
166.0 6.54 119.0 7.29. 108.1	 6.62 
144.0 5.67 130.0 7.96 126.3	 7.73 
128.0 5.04 158.0 9.67 143.6	 8.79. 

0 4 -45 190.0 11.02 143.6	 8.79. 
113.0 4.45 180.0 11.02 163.6	 10.02 

CornDleteiy 104.0 4.09 201.0 12.27 --
evaporated 94.0 3.70 223.0 13.61 --

TABLE XI (Ccnt.) 

V 0 at Q0 

Temp. (320F) Sp.	 vol. Vapor 
760	 im(29.29 in density 

D 
cm 3	 cu.in. cm3 cu. in. I 

Completely
 

2 0 29 	 1.04 184.13 11.24 4.191a 2 evaporated 20.28	 1 .4 815.06 49.74
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TABLE XII.


Vapor Densities. 

u e I
Temperatures in degrees C. 

37	 1 20	 123	 130 134	 144 162 173 
Gas oil --	 --- 9.74 --- -- 7.59 --

Rositzer oil --	 --	 -- -- -- 6.73 -- 4.35 

Paraffine oil --	 --	 -- -- -- I	 -- -- 25.0 

Coal-tar oil I --	 6.48	 -- 5.55 -- --

Coa1-ta	 oil II --	 -- -- -- -- -- --

Solar oil -- 3.69 - -- - --

Kerosene --	 I	 --	 4.31 -- -- -- --

Gasoliie 4.2	 --	 -- -- --

Benzol I3.19-- -- -- -- --

Table Giving Boilinc, Limits.

(See Fics. Sa to llbinclusive) 

C 
Gas oil	 190 - 340 

Rositzer fuel. oil	 140 - 325 

Solar oil	 155 - 275 

Paraffinc oil	 200 - 370 

Coal-tar oil I	 90 - 225 

Coal-tar oil II	 120 - 300 

Kerosene	 150 - 208 

Benzol	 75 - 160 

Gasoline	 60 - 120 

o 
374 - 644 

284 - 617 

311 - 527 

392 - 698 

194 - 437 

248 572 

302 - 406.4 

167 - 320 

140 - 248
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On the basis of the experiments we were able to investigate 

thoroughly the already described phenomena of the obtainable 

vapor pressures with increased volume and constant temperature. 

The vapor pressures, as represented by the va-ocr-mrcssure 

curvs snow, according to the explanation already given, no 

maximum va-oar pressures (saturation piessures . We can there-

fore conclude that, even in the 1i p bt-oi1 fuel mixtures, there 

is no saturation of the combustion air with the fuel vapors. 

In p ractice, with the adoption of the spraying carburetor, we 

have no longer striven to obtain complete evaporation and the 

corresponding satura-tiQn of the combustion air with the fuel 

vapors. it is sufficient for the Orctinrinv of fho onninn +r 

obtain a fine atomization of thc fuel and a partial evaporation 

whjch, however, must have proc.cdcd far cncuh to oi-iablo the 

ignition of the mixture by the electric spark. 

KnovrlcfLc of vapor PrCssures is absolutely necessary, hbw-

ever, for tic theoretical investigation of the evaporation of 

fuels. The vapor-pressure curves, in spite of their having no 

absoluto values, are therefore of decisive imnortance, because 

they were plotted for both light and heavy oils uncici' like con-

ditions. In socking a way fo:: the use of heavy oils in explo-

sion CnginQS, it is of less importance to deter1iine the abso-

lute values of the physical characteristics of the fuels than 

to obtain data for comparing the light and heavy fuel oils. 

For the oubsociucnt theoretical investigation of the evaporation
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of 'liquid fuels, I have taken as the basis the vapor pressures 

for	 loO cr.-., 3 (9.76 cu-in.) and have, for this purpose, 

once more plotted the vapor-pressure curves in Fig. 12. 

rfith the same aaratus, the va'oor densities of the fuels 

could also be found in connection with the determination of the 

vapor pi'e.;sures. The e l-7--ht of the liquid was found by weigh-

ing the fuel introduced into the vacuum. All the data required 

for calculating the vapor densities were obtained by lowering 

the surface of the liquid until the last traces of the liquid 

had vanished and by reading the pressure, volume and temp era-

ture. The calculation was then made according to' the well-

known foiula for vapor density: 

-, 
D--	 J_	 .L	 t) 
- 0.001293 Vt	 pt '-

The decrease in the vapor pressure, at constant pressure and 

volumetric increase, could not indicate complete evaporation 

with absolute certainty, according to the previously described 

behavior of the fuels, even when no liquid was still visible 

to the eye. ' Especially with heavy fuels, particles of liquid 

could still adhere to the inside of the vacuum' tube, without 

bein perceptible to the eye. It was therefore necessary to 

delay reading the vapor pressure, temperature and volume, until 

complete disappearance of the' liquid had been observed at the 

previous low positions of the mercury reservoir . A second con-

trol was obtained by taking several readings after the apparent
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disapearance of the liquid surface until two successive road- 

ings gave the same (or practically the same) computed value for 

the vapor density. 

For a few fuels, it was ossib1e to find. the, vapor de- 

ties at different temperatures and to note the fact that- U-ric 

vapor density diminished as the temperature rose. This is ex- 

plained by the dissociation of the vaDors at hi p-h temperatures. 

Table XII c-:ives the vapor densities in a convenient form for 

comparison. For coal-tar oil II, no determination of the 

vapor density was possible up to the hi;host cxnerimental tom-

peratui"e of 173 0C (343.40F), because complete evacoration could 

not he effected at this temperature. 

The specific heat of the oils WaS determined at different 

teperatares, whereby the upper tem p erature limit was the low-

est boiling point of the oil.	 leotricit; was employed. for


heating, the current pass ig through a heater in the double 

bottom of. the calorimeter. The temperature of the liquid was 

kept unifom by a mixer with an up-and-down otion. 

If i represents the current strength and e the volt- 

age at the ends of the heater wires, then the work of the cur-

rent for a period of z seconds is e i z watt-econds or 

joules. Nov, a joule	 0.2.3899 lesser calories, so that the


heating energy, expressed in heat units, is 

Q = 0.23899 e i z greater calories	 (1) 

'best aval


L:::
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This added heat increases tli'ë temperature of the liquid, 

of the calorimeter, of the stirrer, and of the brass tube con-r: 

taining a thermo-electric couple for measuring the temperature. 

If 'Ti denotes the water equivalent of these parts, , t2 - 

the rise in temperature, c the specific heat of the liquid, 

and G the weight of the liquid,, we have 

Q = (c G + w) (t 2 - t 1 ) = 0.2389 c i z. alo: 

c = (0.23899 e I z - 
-1	

w)	 (2) 
t2	 t

Experimental Arrangement (Fig. 13) 

A brass calorimeter was nickel-plated and well polished on 

the outside, in order to lessen the. heat radiation, and had a 

double bottom, in which a strip of nickeline with a resistance 

of about 30 ohms was wound about a sheet of mica. The connec-

tions of the delivery wires for the heating current were are-

fully soldered. Mica insulation in the bottom of the calorime-

ter prevented much outward loss of heat. A thermo-electric 

couple was soldered to the bottom of the calorimeter for control 

readings of the heat transition from the heater to the liquid. 

The calorimeter was closed at the top by a sheet-steel cover, 

through which passed a vertically moving stirrer	 b j which

was made tight by a packing box. Another packing box enabled 

the introduction of a thin brass.tube c, in which a small 

copper bulb, containing a thermo-electric couple for determining 
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the temperature, could be moved up and down. The temperature 

of the liquid at different depths could thus be observed. No 

difference in temperature at different depths was observed, 

however, because the stirrer kept the liquid well mixed. 

The calorimeter was placed in a Dewar vessel and the inter-

vening space filled with glass vrooi, in order to diminish as 

much as posible the passage of heat between the calorimeter 

and the surrounding media. Likewise the upward heat radiation 

of the cover was reduced as much as possible by insulating with 

glass wool. A constant outside temperature with a simultaneous--

ly higher temperature level in the high-temDerature experiments 

was maintained lastly by setting the Dewar vessel in a sheet-

iron cylinder which was electrically heated from the' outside.* 

The outer sheet-iron cylinder was filled with rape oil and the 

Dewar vessel was sunk so deeply into the rape oil, that the 

cover-of the outer cylindsr, which has a round opening in the 

middle, came above the iniilating glass wool on top of the cal- 

orimeter. It was found quite possible to keep the temperature 

of the rape oil constant by regulating the current for the out-

side heating. 

For measuring the temperature of the calorimeter liquid, 

of the base heater of the calorimeter and of the outside heater, 

thermo-electric couples of copper constantan were used, which 

*As . result of this arrangement, the downward heat conduction 
from the bottom of the calorimeter is so small that it can be 
disregarded. ' Its extremely small magnitude is, moreover, offset 
by the "water equivalent" yet to be discussed.
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had oocn previously calibrated with the laboratory thermostat 

and which enabled,by the mutual switching over of a -pole switch, 

-tnc convcniont roadng of tnc galvanometer or of thetempera- 

tures. The heating current for the calorimeter liQuid was the 

laboratory battery with an I.I.F.E. 	 of O volts and could be ad-

lusted to the desired strength by switching in resistances. 

The current strength and tension of the current were determined 

with an ammeter and voltmeter with a shunt, which were compared, 

before using, with the standard laboratory instniments. The 

time was measured with a stop watch, which agreed with the lab- 

oratory electric clock, the sound of the latter being clearly 

audible once a minute, when it was operated by the master clock. 

Performance of the Experiments 

The calorimeter was filled with the oil to be tested, after 

having been previously weighed empty. The weight of the oil 

was found by subtracting the latter weight from that of the 

filled calorimeter. After the cover of the calorimeter was 

closed, it was placed in the Dewar vessel, the intervening 

spaces and the bottom were filled, with glass wool and the Dewar 

vessel was put into the sheet-iron tank which was filled to 

overflowing with rap e oil and was heated from without. The 

therrrio- electric couples were now connected with the pole 

switches and the connections were made for the external and in- 

terral hcating. In order to reduce the heat loss of the calori- 

9 t?blepy..
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meter as much as possible, the external heater was adjusted to 

the temnerature at which the preliminary period of the experi-

ment was to begin. The reatest. possible accuracy was attained 

in the calorimetric measurements trirougn the heat loss deter- 

mined for each experiment. The frictional heat generated by 

stirring was disregarded, because all the oils were thinly 

liquid and in preliminary experiments, both with and without a 

stirrer, no measurable quantity of heat was generated. 

The determination of the heat transfer between the calori- 

meter and its surroundings would be the simplest if the change 

in its temperature were p roportional to the time. Since this 

was not ti-Lc case, it was necessary to divide the experiment in-

to a preliminary period, a principal period and a subsequent 

period, and to determine the heat loss by computatIon. 

We began with a preliminary period, without switching on 

the inside heater, and. measured the temperature change per min- 

ute unerone by the calorimeter. The slight temperature 

changes thus produced were proortional to the time. After an 

interval, the inside heater was switched on and the principal 

period bcn. The temperature first changed more rapidly and 

then slower until, after the heater was switched off, the rate 

of temperature change again became uniform. The subsequent 

period then began and was likewise continued for a long time, 

like the period from the beginning of the real experiment to 

the inception of the uniform rate of change.
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7c thus determined the temperature exchange between the 

ctiori:.ctcr und its surroundings, both in the vicinityof the 

lo-rcst and of the hihcst ex perimental temperatures. If 7e 

thcn vado the assumption (permissible for such small temperature 

differences) that the heat exchange of the calorimeter was pro-

ortioi-ia1 -o the difference between the calorimeter temperature 

and the equilibrium temperature t o , at which no temperature 

change viculd occur, we could calculate or graphically deter-

mine the principal period. 

If the calorimeter temperature t (Fig. 14) is plotted 

against the time, a being the cooling factor, and d i the 

temperature 'change of the calorimeter per unit of time at 10C 

(1.8 0F) difference in temperature between the calorimeter tem-

peratures t and t 0 ; then, according to Newton's law of 'cool-

in g, we hove

dt - -	 ¼t - 

and t o being determined from the preliminary and subsequent 

periods. The temperature change in the calorimeter resulting 

from the heat exchange between the time points 1 and 2 of the 

principal ucriod is then 

The computation method employed for all the experiments 

is best shown by a numerical cxample.
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TABLE XIII. 

G = 375 g (0 . 822 lb.). 

Tension	 olt- Temperature of Temperature volts amp eres outside heater 
Oc	 0, Oc .	 I °F 

	

32.2	 89.96	 --	 --	 32.0 89.6 

	

32.1	 89.78	 --

	

32.0	 89.60	 -	 --	 --

	

31.9	 89.42	 --	 --	 --

	

31.8	 89.24	 --	 --	 --

	

31.7	 89.06	 --	 --	 --

	

31.6	 88.88	 --	 --	 -_ 

	

31.6	 88.88	 --

	

31.5	 88.70 . --	 --	 --

	

31.5	 88.70	 --	 --

	

31.5	 88.70	 --	 --

	

32.0	 99.60 

	

33.6	 92.48 

	

35.0	 95.00 

	

36.9	 98.42 
38.5 101.30 
40.0 104.00 
41.6 106.88 
43.3 109.94 
44.7 112.46 
44.8 112.64 

44.8 112.64 
44.7 112.46 
44.5 112.10 
44.3 111.74 
44.1 111.38 
43.9 111.02 
43.7 110.66 
43.6 110.48 
43.5 110.3C 
43.4 110.12 

Experiment Min-
period	 ute 

Preliminary 0 
.1. 

2 
3 

5 

7 
8 
9 

10 

Principal	 11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Subsequent 21 
22 
23 
24 
25 
C' 

I-' 

28 
29 
30

Gas oil.
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In the nreliminary period, the moan temperature exchange 

per minute is

31.5 31 032.20 = - 0.07°C 

at a mean temp erature of 

31.5 ± 32.2 - 

	

0	 - 31.03 0 c' 

ifl the su'osequent period, 

44.8 - 

	

10	 - - 'J..Lr 

at a mean temperature of 

	

43.4 +	 44.8 -	 -0. 2 --.iC 

A temperature cbane of 44.1 0C - 31.35 = 12.25 0C there-

fore causes a temperature exchange p er minute cf 

-0.07 - (-0.14)	 0.07°C. The cbanc per degree C is there-

fore

CL 

= _ = 0.00571 (cooling factor). 

From this the temperature is calculat;, at which no ex-

change of heat would occur. 

4-

 or,	 to 

to

0.07 
31.85 - 0.00571 

44.1 -	
0.14

 0.00571 

19.6°
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For other tcmperaturcs the heat cxchance is accordingly 

(19.3 - t) 0.00571 dcrccs C. mor minute. From this rc can 

easily ce.lcuiate the tomp erature losses or -,.,ins from the boc!n-

ning of the principal odod ) the clevcnth minute, till the heat 
exchange 16ccomcs constant, by finding the difference between 

the equilibrium temperature t o and the mean temoerature for 

each minute of the principal period and multiplying it by the 

cooling factor a. 

Minute 1	 Mean 
temp erature

Heat 
exchange 

On o r 
11 31.75 89.15 -1215x 0.00571 

12 32.80 91.04 -13.20 X 0.00571 

13 34.30 93.74 -14.70 X 0.00571 

14 35.95 96.71 -16.35 x 0.00571 

15 37.70 99.86 -18.10 x 0.00571 

16 39.25 102.65 -19.65 x 0.00571 

17 40.80 105.44 -21.20 x 0.00571 

18 42.45 108.41 -22.85 X 0.00571 

19 4-4.00 111.20 -24.40 X 0.00571 

20 44.75 112.55 -25.15 X 0.00571 
At = -187.75 x 0.00571 

A t = -	 1.070C. 

i.e., as a result of the heat exchange,	 the temperature at the 

end of the 20th minute is 1.07 00	 (1.93 0 F) 1oier than it would



N. A. C.A. Technical Memorandum. No. 363 	 34 

be without any heat exchange. In the latter case the final tem-

perature would have been 41.8 + 1.07 = 45.8700 (114.57 0F). The 

difference between this temperature and the temperature at the 

beginning of the principal Period gives the temperature in-

crease to be used in the computation. 

The mean values were taken for the tension and the current 

strength, and the current consum ption of the voltmcter Tias de-

ducted. 

The water equivalent of the apparatus was still required 

for the calculation of the specific heat according to formula 

(2) . For finding this, the experiments 1' Tere performed in ex-

actly the same way as for determining the heat exchange, but 

with the difference that the calorimeter was filled with water 

whose specific heat was accurately known. The calculation was 

then made according to the formula 

W =	 -. c c water. 
t2 - 

The water equivalents thus found were plotted against the 

temperature (Fig. 15) and were taken into account in calculating 

the specific heats of the fuels. The specific heats of thd 

different fuels arc given in Table XIV, together with the cor-

responding temperatures, and in Fig. 16 they are plotted 

against the temperatures.	

& 
8uced "M
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TABLE XIV.


Secific heats. 

Drcos a [	
30 35 40 45 50 55 60 85 

F 86 95 104 113 122 131 140 149 

Gas oil •-- 0.528 -- --- 0.543 -- 0.552 

Rositzer oil -- 0.554 -- -- 0.564 -- 0.580 

Solar oil -- -- --O.458 -- -- -- 0.485 

Paraffine oil 0.474 -- -- 0.487 -- -- -- 0.507 

Coal-tar cii	 I 0.553 -- - 0.550 -- -- 0.561 --

Coal-tar oil II -- -- -- -- 0.430 -- -- 0.491 

Kerosene -- C.583 -- -- 0.588 -- -- -- 

Gasoline 0.568 0.578 -- 0.586 -- -- -- -- 

Benzol 0.484 0.490 -- 0.496 -- --- -- --

TABLE "IV (Cont.) 

egrees C 
F 158 

70 1 5 I	 80 
137	 176

25 
185

90 
194

95 
203

100 
212

105	 - 
221 

Gas oil t0561 -- -- -- --

Rositzer oil -- 0535 -- 0.593 --- -- -- -- 

Solar oil -- 0.515 -- 0. 541 -- -- -- -- 

Paraffinc oil -- -- 0.521 -- -- -- --

Coal-tax' oil	 I -- 0. 581 -- -- -- -- -- --

Coal-tar oil Ii -- -- 0.510 -- 0.530 0.562 

Kerosene -- 0.618 -- -- -- -- -- --

Gasoline -- -- -- -- -- -- --

Benzol -- -- -- --- -- -- -- --



N.A.C.A• Technical .Iomorandum ITo. 3:3	 DQ 

Thc curves in Fig. 16 shoij an almost linear relation of 

the specific heats within thc temperature range covered by the 

experiricrts. 

The specific-heat values run in the order of magnitude 

given by Landolt-Bhrnstcin for chemically pure benzol (benzene). 

There the smecific heat of CH	 as given by the different in-

vestigators as 0.O6 - 0.484 at tdmperatures of 1 - 700C 

(33.8 - 1530F).

Heat of Vaporization. 

General statements concernin g the method of determination, 

The determination of the heat of va porization was necessary for 

the determination of the vaporization process of heavy oils and 

was carried out for the different oils, because the calcula-

tion of the heat of vanorization according to the Clausius-

Clapyron equation, iiich gives the relation between the heat 

of vaporization and the change of p ressure with the tempera- 

ture, could not be applied to mixed liquids. 

The vaporization heat of a liquid car-, be determined by 

two different methods. One either measures the quantity of 

heat given out per unit of mass by the condensation of the sat-

uratcd vapor or observes how much heat is absorbed while a riass 

-	 unit of the liquid is being changed to vapor at the same tem-

perature
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Thc ccori. -,-.--.thod was choson for the cxp eriicnts because 

it enabled (-ith further ci1anos) the use of the a-pparatus al-

ready emplo yed for the seocif ic--heat dctcr.iinat ions,and off crcd 

the additional advanta.c of cnaling one to c:tcrminc the heat 

of vaDorizatjon at constant te;:iocra.tu:e, r.'hich :'ade the 

ure'nonts indecendont of the capacity of the vaeorization vessel. 

Translation by D r iht L. Iliner, 
National Advisory Conriitto 
for Aeronautics.

avai ail ' COPY. 
r	 :ro::CM::O:



..-..•__.i.	 -...-.1..... 	 I	 I1 I I	 •I	 I.	 I	 •I	 1	 1 

-. 1 .L.. i...L... 
15O0 

t F0

100 

80 

UD

60 

'4o 

20

:3

w 

0 
2 c 

1 

100 

80 

60 

40 

20

ri 

3

Co 

rd

0 

2d 

III 

N .A .0 .A. Technical Memorandum No. 3G 	 Fig. 3a, 3b. 

0	 IC) 

rH 

(a) Pr3ssure-vOlume curves. 2 cu. I ii - 

20 160 200 240	 280	 20	 380 cm 0	 40.	 83	 1	 3 
•	 .	 .	 . 	 for 0 . 1 g 

0	 0 
0	 0	 0 

(b) Vaporpressure cuvs°0F 

0	 20	 40	 60	 80	 100	 120	 140 160	 180

toc 

Fig.3 Gas oil.(Eoiiing limits 190-3400C) 



10( 

8( 

E 61. 

1 4( 

2(

'II l 

i
1

--
1	

Ic 1fl['T 
-	 ----•-]JflU 04-7' 

["'[,/
A/ 

1, T 

E
IJIII4r 

IL

I hILl H I __ __

3

Co 

0 

.37 

Fi.4a4b. N.A.C.A. Technical Memorandum Nc.363 

0	 5 (a) Pressure-volume curves. 

12( L__^ T4- 

10( 

bo 

E 

+

4( 

2(

20 cu.in.
n 
_

l:1) 

3,
0 

2 

I-

iI.i'I' ' T' JIIT II II 
12 

t= 4400

itt:.: I II IIII 1IIII1 Irl IT 
N; 7rDb 

0	 40	 80	 120 160 200 240 280 320 360 =3

for 0.ig 

0	 o (b) Vapor-pressure curves. 

0	 20	 40	 60	 80	 100 120 140 150	 180

taO 

Fig.4 Roeitzer fuel oil.(Boiling limits 140-32500) 



(a) Fre.sure-vo1ume curves

I 1 1 TT 1 
LO

I 

I I II I
IIIIfI_I

*t_ 

- 

3

Co 

2Co 
0 

r1 

1 

0 
C\?

- -- 4 100 

80 

60 
:tU

40 

20 

80	 10	 160	 00	 20	 0	 32 .0	 :360 C m 3. 
for 0.l p,t 

Q

	

	 0 
(b) v-or-_pressw' cv.r'-s 

II	 I	 1	 1	 1	 1TYJ
L

10 
Cr, 

1 IIii; It L f 

IJITI 
I 

If	 IF 17 

11111411

3

CO 

r)O) 

0 

•r-t 

1 

N.A.C.A. Tecirnical iemorandum ',%!o.3S8	 g.5a,5b. 

00 

80 

ES

.o0 

4-,40 

20 

0	 20	 40	 60	 20	 100	 120 140	 160 . 180

too. 

Fig. :)Solar oil. (Boiiiaig ].imite'155-27.5°C) 



hI I	 THIH I T
 

.Hj .: --IIIIIiIIIIIIIIIIIiIIlhI 
cffl^

1OC 

80 

[:1w 

40 

20

4 

3 

I 
Ps 

N.A.C.A. Technical	 iorandum iIo.363 

c (a,) Pressurevo1ume curves 
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Figs, 7a, Th, 
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Figs .8a,8b 
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