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INTRODUCTION

The internsl combustion engine ls today highly developed
snd widely used in the produstion of power. Probably its
greatest use 1s found in furnishing the motlive power for auto-
mobliles and trucks. Since the majority of sueh engines are
not air-cooled, it becomes a problem of vital interest to the
asutomobile and truck owners to know cheap and dependable goole
ing medle, especially in oold weather,

8ince various individusls have used petroleum distillates
ag ecooling medla for thelr sutomobile sngines at various times
and under various conditions,; without knowing the effects of
suoh coooling, it was consldered logleal, since the subject
gppears not to be recorded in the literature, to investigate
the effects of petroleum distillates, such &s kerosene or
distillate, upon the motor and the cooling system.

This object ig to be attalned by a study of the actual
gooling eondltions in an sutomobile engine, the corrosive
effect upon the cocling system, the effect upon the rubber hose

sonnections, the fire heszard, end other minor polnts,
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HISTORICAL

A. General Considerations

The deslirable properties of &n»iﬁsal ccoling medium for
internal combustion englnes have been cited by Keyes (12) and
Curmings (5), These properties may be grouped into two
classes, mejor end minor. The mejor requirements are:

{1} The prevention of freezing of the cooling medium at

the loweat tempersture encountered,

{2) The absence of injury by corrosion to any metal parts
of the engline or radiator.

{3} fThe failure to soften or deterioriate the rubber
connections.

{4) The stability of the medium over the operating tem-
perature range.

{5) The adequacy of the supply at & reasonsble ocost.

Of less importance are the following requirements:

{8) It should have & low viscosity at all working tem-
peratures, permitting free circulation under the
most adverse conditions,

(7) It should have 2 high heat capasolity per unit volume,

(8) It should boill near the boiling point of water without

degonmpogition,

(8) It should be non-inflammsble,

{10) It should have no unpleasant odor.
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{31} It should have s low coefficient of expension,
{12) %t should keep itz properties for a long perioed
of time.
{13} It should not atteok the automoblile finishes,

Yerious subetences have been used ss coolling medin, and
these will be briefly diseussed. The foremost substance, of
gouree, is weter, Beesuse of its sbundemce, 1ts high heut
capacity snd low visgoosity, it hae besn nocepted as the stene
derd sooling modlum end engine decien has teken thie Into
aogount,. But weter doee not meet ell the quelificetions oute
linsd sbove. The most serlour defeet le the inability to use
it at temperatures below BE°F, Water is also found to have g
pwolling effect on rubber (1), souetines to the extent of
500 per cent {2) and this contlinulng even after 10,000 hours
{20}« In addition, 1t hap & more or lecs severe corrosive
setion op motel, depending upon the charuoteristiecs of the
water.

Beosuse the ohilel &lsedvantege In the ure of woter ls ite
nigh freesing polnt, the probvlem has been sttacked from the
sugle of sdding pubstenges to the water to lower itr freezing
polnt snd thereby insoresse 1tz ussble temperoturs renge,
Yarious sslt solutions were tried and patented, but sbandoned
because of the severe corrcaion encounteryed (B84). .lochol,
both methyl and etiyl, find guite sopmon use, dul both have
the objections of lov bolllng polnt, with subpequent lose, end
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a corrosive asction. Radietor glycerine, a by-product from
the soap industry, has had poor reception due lergely to its
insufficient refining. ifter s comparatively short time the
meterial temds to gﬁmAnp, elogging the eooling system. Ethyle
ene glyool formulations are belng used with muoh success, the
chief disadventage belng the cost,

The use of petroleum distillates hes been sporadic, end
perf@rmanea dete are very limited, "Kerosene has been used
with sOme success in cocling systems that were designed for
weter, although its beat capmeity per unit volume is legs than
one~half that of water, It is safe as regerds freezing, oir-
¢ulates with comparative freedom at low temperatures, and per
mits normal engline~temperature in very.eolé weather without
the use of rediator sovers or shutters, However, in less severe
weather the bigh boiling point of kerosene may lead to serious
over-heating of the engine., The odor and inflemmablility of
ite vepors and lts actiom upon rubber sre objectlons to the
use of kerosene.," (5). 8Shapiro and Valkov (19) have prepared
an anti-freeze for automobile redietors remseining fluld st
-80° to ~70° ¢, from kerosene and the neutral olls obtained
in wood distillation. Creenstreet (7) has patented a mixture
of kerosene snd oil of mirbene for use as & oooling medium at

low temperstures,.
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B. %hoxmalvPrayartiea of Petroleum Distillates.

Kaye {11) has investigated the thermal conduetivity of
light petroleum oils and Bridgmen (3) hes studied the thermal
conduetivity of petroleum distillstes under pressure, Tike
homirov end Zhuze (23) found the specific heat of kercsene
distillate over the renge 36°- 144°C, to vary between 0.,4418
and 0,5936. Zhuze (86) investigated the thermal conductivity
of Baku kerosene (&lﬁ:zé*ﬁllzl and his results are tabulated
in Teble I.

Table I
Thermal Conduetivity of Baku Kercsene

Temp s °C Conductivity (cal/om/sec/deg. C.)

H
)
‘ H
20 H 0.400
4 .
30 H 0.474
H
&0 H 0,574
H
110 : 0.788
3

Leng (13, 14) has given the following summery of kerosene

from orude oll from British Borneo and Persls,



Table IIX

Properties of Kerosene from British Borneo Crude

I -
Fraction Sp. hast : Coeff. Vol.

: Bolling : 8p. Gr. f Kean :

¢ Range 1§ GO/6OF, i lol. Wt. : Cal/gm C & Exp.

G 3 : - 1 Vol/c®
1 i 754100 : 07585 : 88 i 0.4635 : 0,00118
2 :100-125 : 0,7680 i 97 i 0.46156 ; 0.00109
3 1 125-150 1 07862 1 108.5 i 0.4605 ; 0,00104
4 1150175 1 0.8070 i 125 i 0.4582 i 0.00098
5 1175-200 { 0.8295 : 140 i 0,4517 : 0,00092

Teble III

Properties of Kerosene from Persisn Crude

: , :
Fraetion 3 Boiling ¢ Sp. Gr. Coeff, Vol. Exp.

3 : $
¢ t Mean 3
¢ Range 1§ 60/60F. : Mol. Wt. ! vol/c®
$ R S ! H
t : t :
i 1 75«100 : 0.72338 ¢ 85 4 0.,00128
3 : : ]
2 t 100«125 : 0.74468 ¢ 100 H 0.00117
$ t : 3
3 1 125«150 ¢ 0.7640 1 114 H 0.00110
: ¢ ¢ H
4 t 150175 3 00,7807 1 128 H 0.001082
$ 3 t H
& t 175-200 1 0.7940 : 135 $ . 0.,00007

Cragoe {4) has investigsted various petroleum fractions
and found that many of the thermsl properties appesr to vary
systematically with temperature and wlth the density of the

olls. Oragoe also presents the following equations, based on
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over 100 measurements within the temperature interval 32°
to 400°F. on 30 petroleum distillates ranging in specifie
gravity at 60/60°F. from 0,75 to 0.96, with a difference be-
tween caloulated end experimentel values of less than 5 per
cent .,
ﬁ:‘if}&‘" (0,388 +0,00045 t) &« 4 o & ¢ o« o & « (1)

Iur_%_ (116‘9 - mﬂﬂ t) - . 1] ] » - L] * * (a’

H - (3,835 t+0,0001875 t2 = 106,5) « o+ « o . (5)
in which

d = speoific gravity at 60/60°F,

t = temperature in °F,

¢ = ppecific heat in B.T.U. per pound per °F. or

ecalories per gram per .
L= latent heat of veporization in B.T.Us per 1lb.
H=heat ocontent in B.T.U., per gal., at 60/60 °F,

Upon the arbiirary sssumption that kerosene might be
reprecented by a distillate of 40 4, P.I. (8pe. gr.~0.8285) and
fuel oil by & distillate of 30 A.P.Is (8ps gT.=0.876), the
pertinent thermal properties presented by (ragoe are pre~

sented in Table IV,
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Table IV
Thermal Froperties of Distillates

$ 3 ] D 3 3
il s Bp. Gry ¢ Temp. ¢t K ¢ ¢ s L t E

s . 80J60°T, 3 °F. 3 i i i
3 Y 3 3 t
Kerosens 0,888 3 0 ¢t 1,00 3 H $
t $ s 1 i H

H $ 100 1 0,477 ¢ 183 215
3 : 3 H 4 H

H 3 180 ¢ 1 0,502 » 117 418
$ s, 3 H % ?

! H BOO 3§ 0.94 3 0,586 3 115 ¢ 580
t 3. H s H 3

H ? 240 t 0,546 ¢ 108 ¢ 707
H H 3 : $ H
_ H 3 : H 3 :
Fuel oll 0.876 t 0 1 0.94 3 3 s
$ $ H 3 H :

1 : 100 3 0.460 3 t 2828
1 3 < 3 H : :

H H 180 1 04491 3 H 431
3 H RS I : s g

$ H 200 3 0,88 : 0,511 ¢ 106 577
H 3 | 3 : s

3 . B40 ¢ 3. 0,530 8 108 : 729

K = thermal conduetivity in B.T.U. per‘hém. 8gs ft, and
°F. pexr in, | |

¢ = specific heat in B.T.U. per pound per °¥F,

L.= letent heat of vaporizetion in B,7T,.U. per 1b,

{ = heat oontent in B,T.U, per gal. at 60/60°F,

G« Effect of Petroleunm Distilletes Upon Rubber

Dubege (8) has investigeted the swelllng of rubber in
petroleum solvents and found that with s "white spirit® of
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specific gravity of 0,767 and an initisl bolling point of
88°C., the major portion of which distilled st 140°C,, the
maximum swelling was attalned in about 100 hours. Erxamination
of the solvent ut the end of the experiment showed approxi-
mnately 9.7% of the rubber sample had gone into soclution while
the welght of the rubber had inoressed 72.5%, In all of the
experiments quauad, the swelling occurred almost entirely in
the first B4 hours, The phenomenon of rubber swelling in
various orgenic ligulds has slso been investigeted by Stame
berger (21), Tenska, Kambara end Noto (23) and Scott (16), who
finde the swelling to be the resultant of two simultaneous
processes: (1) Saturation of the rubber with liquid, which
reaches a maximum and stops, apd (2} a slow uniform increase
in swelling,

Heyden and Erlsmann {(8) have shown thast rubber discs
immersed in kerosene ineresse sbout 807 in volume at BE°F, in
seven deys and ere completely disintegrated at Bl2°F, in eight
days, whereas under the same conditions Duprene compounds
swelled 285 and 37% respectively. In addition, they found
that rubber compounds become wery tender in warm kerosene
and go to pleces in hot kerosene, wherezs the Duprene compounds
retaln a lgr@e portion of thelr original strength and tesr
reslstance.

Adthough wvulosnizates highly resistant to oils ean be
prepared by proper formulation (285), there ig yet to be seen
& true oll~proof rubber (10). Ishiguro (9) states that the



.
abgorption of oill by wvulcanized rubber diminlshes with ine
erease in hardness, whereas oll-resistent hose is made from
the highest guality rubber, cured to 1tz fullesi tensile
properties and often containing s flexible metal lining (1},



The distillatlion range of the meterlsls used in this in-
vestlgation,- six commercial kerosenes obtalned on the market,

gp. or. a8t 60/60=0.81 to 0.82 a denatured sleohol, a cormer=

nl Qo

EXPERIMENTAL

A+ Distllletion Range

cial radlator glycerine snd & commercial radietor glycol--

wasg-

He Be Ts M. specified equipment (17).

in Teble V and sghown grsphically in Figures 1 to 7,

1 to 6 also show the differentisl distillation curves for the

kerosene samples.

Table V

determined by the i+ 5. Te Me method for kerosene, using
The data are presented

Tlgures

Distillation Renge (°F.) of anti«freeze Sclutlions

Initials

Kerosenes 4 K&d&ator
3 H : i $ $
At Bt Gt D $:tE: F Alcohelt&lyeer«:&lyaol
K 3 s £ R $ lne
"8 Sust ol O 15508 oBUl 168 1§ | 33@5
H H H H $ $
39&: 41&: P82 391 1382: 401: 170 1 219 :368
H 3 3 ! t H
&9&: 633: a@ﬁz 404 :308: 4)l4: 170 : 219 1374
H 3 $ t H
414: 4:53; wm 414 54:002 420: 176 : 219 1374
H H s $ : H
4&33 4391 4123 422 :468: 426: 170 1 219 1374
H H 3 H H
mw 4483 420: 4938 m.sz 432 170 1 868 1374
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Teble Vv {Continued)

Kerosenes Radiator
: T s ) : ) 3 s t
t At By ¢t D3 Et: 7 tialeo~i1Glycer-;Glycol
H $ 3 $ : H $ hol § ine i
60% 1458 3453 1400 1441 1484 1438 1170 1 49E  : 375
3 H $ H H H 3 t :
70% 1443 3461 ;441 1450 1434 1444 (171 3t S22 376
t H ) H H $ : H
804 1453 3470 1454 1480 31444 1454 1171 1 538 1 376
s 3 : H H $ : H H
Q0% 1468 1485 1470 1476 31469 3468 172 1 620 3 378
t H H t $ H 3 H :
End 1495 1514 1494 1485 31504 3400 1368 tDecomp.: 410
3 2 H 3 3 $ 3 3 s
Raﬂavaryaﬁauﬂ:96;5:@&.639&.9W@.QNE.GWB.G t 98,0 | 98.5
$ 3 3 : : $ 3
Resldue § 1,51 1.58 1e42 0,21 1463 1,22 0.8 ¢ wwww 3 1,3
H H H $ : H 3 3 t
Loss % 0,53 0,0: 0,03 0,93 Ou43 0,82 1yl 8 ww=w 3 2.8

Distillstion tests were also run on some of the kerosenes
after they had been subjeocted to various tests. These date

are prescnted in Table V-a,

B. Viscosglity Measurements

The viscoslities of the different substances were deter=
mined at both 0°C, and ~32°C, ueing the taybolt Universal
Viscosimeter. The lower temperature wes obtelned by using
solid cruﬁa bwomnbana&n& as the "ice” in the beth., Solld

€0, added to the system =~~~ lliguild Cﬁﬁsﬁrzaolld Caﬂﬁar

2
kept the temperature of the liguld in the inner cup at ~38F

0.,2°Ce The results are given in Table VI.
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Toable V-

Distillation Renge (°¥.) of Kerosenes after Various Treatments

t Kerogenes
H s B : 3 }
S ! ;) B¥ s B* 3 4 3 Bt 3 6*
: t $ ] ' 3
Initlial 1 384 t 381 ¢ 380 ¢ 363 ; B8 1 VS
8 ; H 8 3 r :
10% ¢ 409 1 402 3 430 1 415 1 414 44
8 ) : H H !
B0% 3 417 § wme 3 owew ;428 H
H , : . $ (. :
30% 1 421 t 480 1 445 1 436 ¢ 430 3 432
t s ¢ t : H
404 1 488 ¢ Y ' 442 3 1
3 3 3 , (I :
50% 1 434 ! 480 1 450 t 449 3 442 t 445
t : H t 3 %
60% 1 440 3 t 1 456 3 ¢
3 : t $ 3 :
70% 3 447 t 447 1 466 1 464 t 459 $ 461
: H : : : $
80% : 456 1 s t 472 ¢ :
3 L : ! : s
90% : 473 1 497 1 488 ;481 ;488 3 493
: ! : : t 3
End t 482 1 S5l¢9 t 505 : 505 : 582 : 530
t (O $ : t s
Recoverys 97.8 3 95.6 1 90.5 : 98,0 ¢ 98.4 1 96.9
s S 3 | 3 : 3
Residue 1 1.7 ¢t S,81 3,01 l.63 0.6 2.1
3 t t : : $
Loss : 0,85 ¢+ 1.2t 1,853 0.4 3 1.0 : 1.0

Identification:

1« Kerosene F after 2é4~-hour corrosion test

2- Kerosene ¥ sfter test in bleck radlator hose

3» Kerosene B after test in red redistor hose

4~ XKerosene B after 264-hour corrosion test

= Kerosene B after rate of heeting tvest in cutemobile
6~ Kerosene B after roed test to Selt Leke City, Utah.

* Results obtuined by Chemlstry Technology seniors, winter
~ guerter, 19368, Jows State College. '
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Table VI

Visoosity of different liguids in Saybolt Seconds

Temperature

Liquid :
; 0°¢ : -32°0
Kerosene 4 : B0t 28,0 : T BU.L : 59.E
" B P 59.6 1 59,7 : 65.2 1 6645
moo g P 88.0 37.8 : 5647 P s7.2
" D : 38,9 § 3847 : 5847 : 59,1
" E : 37,9 P 57.6 : 53,5 P 536
" F | :" 39,3 , 39.5 : 61,0 P 81.7
Gonduetlivlity water i. 38,7 : 33.5 ; —— : -
504 (vol.) B£OH 1 50,6 i 50.5 1 2345 1 237,0
50% (vol,) red. alcohol P 517 i 5l.2 : 362.8 1
50% (vol,.) rad, glyaerina§ 76,0 : 74.5 :Frozeeav.é
49% (vol,) rad. slycel : 55,7 : 56,0 ;l A&Q&lhmi,___,_

G« Flash snd Fire Pointes

The flash points of the kerosenes snd a 50% aloohol

solution were determined in both the Cleveland open ocup and

the Pensky-Martens closed tester,

termined in the open oup.,

The fire points were de-

The results are presented in

Table ¥YII., These sclutions were also tested after E&4 hours

of refluxing at B85 . {corrosion test) and the results are

given in Table VIIX.
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Table VII
Flash and Flre Polnts of Different Liquids

' :
Solution Flash Point (°¥.) iFire Point (°F.)

}
; open gup elosed oup §  open oup
Kerosene A : 131 : 114 : 166
B : 154 § 138 : les
c : 148 : 130 : 164
D : 146 : 132 ; 170
: 1 4 1 10 1 184
¥ ¢ 158 P 148 : 186
50% (vol) aloahe}: 86 : 66 : 78
Table VIII

¥lash and Fire Polnts of Different Liquids After 264 Hours
Refluxing at 85°C,

Pire Point (°F,.)

Solution i Flash Point (°F.) :
} _open oup eclosed cup 3 open_cup

Kervsene A : 144 : 138 : 166

B : 158 : 148 ; les

¢ : 148 : 140 : 1¢6

D P o158 1 146 : 186

- : 148 : 130 : 188

¥ ; 168 2 160 : 192
50% (vol) alnnholi 74 ; 74 : 88
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D Corrosion Tests

The corrosive aotion of the various solutions wes tested
by suspending the metaslllec strips to be tested so that half
of the strip was lmmersed in the liquid., BEight three-neck
one~llter flasks were set on n constant level water bath
and fitted with reflux condensers (Fig. 8). BEach wea filled
half full with the liguid to be tested, and the strips (two)
hung from gless hooks in the stoppers of the side necks.

Table IX shows the results of a continuous 264-hour test
using tinned oopper strips in kerosenes 4, B, ¢, ', E and P
and a 50% {vol.) solution of radiator asloohol, The strips
were prepered from sheet copper soldered on one side, soeked
in 2% NHy for 8 hours, rinsed, socked in dlstilled water for
one week, dried, marked-off, numbered, drilled, burnished on
a wire wheel, cut into etrips 5/8" x 5%, dried in the oven at

110°¢C, for one hour, cooled in the deslecator and weighed,
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Fig. 8 Apparatus for Testing Corrosion Strips
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Table IX

264 Hour Corroslion Test

3 H '
tEvap. lossy Rgmarks

]

i

T :
Solution tChange in wt,
— 3 m&/m
< 3
Kerosgene 4 ¢ + 0,9
:
3
B + 0,8
1
C 3 4049
$
D + 0.7
:
E + DY
H
P o1 + 1.8
H
t
50% (vol) $ +17.6
Radlator H
aleohol H
%
3

o S Gp FH S5 AR BH EF SN S L& A% B BF e RS S R WS WY B

3.0

S8
Sed
by
5.8

4.8

}

tTernish developed on Cu
¢t side on liquid surfece
t first.

tTarnish developed on Cu
;1 slde on both liquid and
$ vapor surfade,

iTarpish developed first
t in vapor phese on Cu,
tLeast staln end slowest
t to develop.

tTarnish nil below liquid
$ surface.

tDefinite corrosion on Cu
t slde by completion of

1 test,

tCu eside tarnished rapld-
t 1y, starting below

¢t surfece; strips badly

: scaled st completion of
t teet,

Table X end Figure 9 (&,b,e, etc.) show the same type of

stripe suspended in kerosenes D and F, 50% {(vol.) solutions

of ethyl aleohol, rudiator aleohol, radietor glyocerine, 499

{vol,) radistor glyeol, tep water snd conduetivity water for

480 hours.

In Flgure 9, the copper and tinned sides are both

shown in contrast with sections of the origlnal stripé.
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Table X
480 Hour Corrosion Test

H H $

Solutior  tChange in wt, {(Evap. loss: Renarks
§ me/ke/hr,. 3 % H
t ! 3 .

Eerosene D 3 +0,8 2 4.6 ;Tarnish aeppeared on Cu
H t t side during first 24
' : H t hours,

" F +1.4 H 4,2 tSubmerged Cu side en-

H H : tirely black during
: u t : s first 24 hours,

504 (vol.) @ +3.8+ ¢ 0.4 i10orrosion very pro-
Radiator H t nounced firet hour,
aleohol 3 H t scale flaking st end

t : s of test,

49% (vol.) 1 “BeB : 0.4 :Ho tarnish below liquid,
Radlator i H : slight tarnish on Cu
%}yeal H . H : vapor surface,.

50% (vol.) ¢ +1.8 H 1,6 i1Ho effect on liquid sure
Redietor 1 : 3 faces, Cu slde definite~
glyeerine: $ t 1y effected in vapor

H : { during first 24 hours,
80%{vol,) ¢ - 3 3.4 tCorrosion very pronounced
Radistor 3 H s firet hour. Severe
ethyl H H s flsking before test
alcohol : ¢t completed.
Tap water i + 2.1 H 1.0 :Cu side stained on liquid
$ ‘ H t surfsee during first
t s t 24 hours,

Conductivity H tCorrosion started on zll

water ! +led 5 0.4 ¢t sldes during first 24
4 H

i hours,

strips of sheet eluminum were also used, in place of the
tinned copper strips, but after 120 hours'e¢orrosion, the kero=-
sene had no gpparent effect, elither in the appesrance or in

the welght of the strips.

pifferential corrosion tests were slso run, progressively
replacing the corroded strips with new ones, The results
are presented in Teble %I and the strips shown in Flgure 10

(&!bgﬂ' ate. ) .
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Key to Figure 9

480-~-hour Corrosion Test

Kercsene D

¥Yerosene F

50% redlator alcohol
49¢ radistor glycol
504 radletor glycerine
50% ethyl alcochol

tap water

conductivity water

Both tinned and copper sides of corroded strips shown

comparison with original stripe.



480-hour Corrosion Test

9.

Fig.
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Table XI
Differentinsl Corrosion Test

Solution

Time intervols

| éh&nga in Weight -~ mg/kg/hr.
g T 3 r's T 6 3 7 1.8

!

E SN GF SN W

H H H
E‘ $ H
g ] 3

[#9 & %
-«
*»e
e

1-1 hr.
Bwl hr,
Gwd hrf
4-1 hr,
Hm8 hr,
S8 hr,
7-4 nr,
B8 hr,
$-16 hr,
10-~24 hr,
11-57 hr.

: 4 RS :

zw ?;?:» 2473477, 0:*14.32*14«6:+87.Bt+?? 0:* 4.8

- H H

' ;wza szm9.3z+84.e.~19.4z .0:+34.az+ 4.@:~34.8

:wﬁ$¢3:f£5*$=+3¢¢22 .0:+14.5z+ 9.6:+1&.9:- 9.4
:*3@*53“38 6:+1&.§:-4$«?:~38.5;~ ¢.v§~aﬁ 43~58 4
z~1&.&:~12¢63+ﬁ3.ﬁa+ 3.&: G.G=+ 3.4:+ 9.53- 7.5
:* &vﬁgm .?:+54.8:¢ 4.6:~ 3u3§+14.4f+-7 8:+-2.4
%- 6, a§+a¢a§*mm§-— 4.az+ 1.3»-3.6 7:+ 9, s: 0,0

‘ :4-8¢0t-+?¢$i+52u5:~ B.s:- 3¢O=~a1,8:+ 1. 2:+-5.7

H 3 :
'4-7.934-i.1:+51 9:~ 2~l: Ou 0:~12.5:+ 6. 7:+-4‘1
a $ $ $ :
-+4.5:+-8.3:+¢0 Gtu 5.5:~ 0.2:~58.Bt+ 8. 2:+ 4,3
H - t H
a+10.1:4—4.az+i3.8z~ 4, Gt4—$.as~19.13+ 9.2 + 3.1

801ut1@na=
l- Kerosene D
2~ Kerosene ¥
B~ $0% (vol.) radiator alcohol
4= 49% (vol.) radlator glyeel
G- 50% (vol,) radiator glycerine
B~ 50% (vol.) ethyl aloohol
7= tap water

B« conduoetlvity water
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Key to Tigure 10
Differenticl Corrosion Test

first 1 hour
next 1 hour
next 1 hour
next 1 hour
next £ hours
next 2 hours
next 4 hours
next 8 hours
next 16 hours
next 24 hours
next 57 hours

Top row in eaeh pleture is tinned surfece; bottom row

esch pleture 1e& copper surface,

In esch plcture, from left to right:

kercsene D

kerosene ¥

50% radiator alcohol

49%. radlator glycol

504 radiator glycerine

50% ethyl alcohol

tap weter

conductivity water

original strip
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Fig. 10. Differential Corrosion Test
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Fig. 10. (Continued)
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In connectlion with the corrosion by the kerosenes,
sulphur determinations were made on the originel materlsl,
ag well as on kerosenes that had been used in corrosion tests
and in motor tests. The apparatus and method used were those

of the 4.8.T.M. (18). The results are presented in Table XII.

Pable XIIX

Sulphur Content of Verious Kerosenes

$ - 4 vhaz
16rigInals: FfertATteri ATGor rate;ATter Salt
H zaa4 hrs. sblackired 3of heat iLake trip
H tCorrozionired, trad. ttest H
H : t those those ¢ :
Kerosenes $ itest :test 2
] : 3 3 [} )
A : 0,039 3 0.040 H H 3
H ] $ : s !
B t 0,086 3 0,049 10,080; 0.018 s 0,031
H 3 H H 3 3
C 1 0,022 ¢+ 0,048 H H H
3 ] , $ s H s
D : 0,083 ¢+ 0,056 $ H s
H H $ H H $
E : 0,089 ¢ 0,082 H H H
H H H R $ :
¥ ;3 0.066 ¢ 0,080 30,215 t 2

E. Rate of Heating of Motor

A Ford (Model 4, 1989) car was used in making these tests.
The motor wes & factory re~buillt motor and had run adbout 5,000
miles. 4 new radietor core had been instaelled about 10,000
miles previously (one yesr). Thermocouple wells were inserted

in the hot weter plpe to the radliastor, im the cold weter plpe
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from the radiator, the inside surface of the head of #3
eylinder and in the oil in the crankoasse, Thermocouples
were slso pleced in front of the radiator and in the eair
gtresm behind the fan to messure the alr temperstures,
The rate of heating tests were made in the armory in the
absence of all drafte., Water, kerosens, denatured slcohol
and radiastor glyeol were used with both a free radistor and
with the lower helf of the radlstor covered to vrevent any
air eocling. The throttle was set so that the smme motor
speed was attained in all casecs,
These data are presented in Tables KIIIU~ XX end Pigures
11 - 18. | V
Table XIII
Rete of Hesting of %étor Using Weter with d Free Radlator

. Temperatures ° F.
‘H: 5

:
; .
%ooatle% ' T 4 3§ © T8
0 e {min, $ 1 1. ] 1 3
: H : t 3 }
0 st 180 31 90 31 330 ;1 66 : 142 1 70
: H 3 H : H
1 t 108 ¢ 8 1 176 1 58 ¢ 144 1 98
¢ t t H H H
5 : 128 ¢ 88 3 207 : 56 3 149 : 126
3 $ H $ H H
10 s 13 : 92 & 280 t 58 ¢ 160 : 133
t : H H H 3 H
15 $ 140 3 95 ¢ 222 : 57 : 178 t 138
H 3 : H g H
80 t 142 ¢ 96 3 222 s B8 : 181 1 140
$ H H H H :
£6 s 142 3 9B 3 282 t 58 3§ 186 s 139
H ] H 3 H H
30 : 144 : 96 3 222 : 58 3 les : 140
: t % s $ $
38 t 144 1 9B ¢ RER s 58 3 191 : 140
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Table XIII (Continued)
Rate of Heatlng of Motor Using Water with a Free Rediator

L

e aratgrea° Fa

! ,
%ﬁaatian. (D S 3 t & ¢ B 1 6
Time [min,] i s 1 ; 3
o T 3 B 3 : :
40 t 144 ; 96 1 222 s 57 s 192 i1 140
t : 3 : : $
45 ¢ 144 : 96 ¢ 281 @ 58 ¢ 193 1 140
: 3 3 : !

g

Locationst Y- top of radiator
2« hot alr
S~ hesad
4~ o000l alr
G- 0il

&~ bottom of radlator
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Table XIV

Rate of Heating of Motor Using Water with Radlator 1/2 Covered
Tom ewaﬁurgs *F,

N
3

&

4
:

Location

BE RS BN AP SO A DR SR S5 K6 &5 AN BE AR 46 BR S5 48 Gk B A5 40 G5 S6 S SE 48 45 WE TS B8 SE &85

3852 258282858883%53

A B SE SR SN SE B RS RO G M S8 S &5 SR S5 85 A% KK A8 A BB SE SR & 4 S8 &R ¥ 6% Be & R

Time {(min,)

A

. o 8 + o Qa ¢ 0
e~ ¥ 33233583 3% 88 8

For location designetion see Table XIIIX.
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Location
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For loecation designation see Teble XIIX.




—B0 -

e sd
——;d" — 1
L2
ceel/
/
1 20 o
| : O!if‘ e &
S N R P st |
 2oo : ‘ / )
- - ’/ ,,,,,
llg / ....... . N | 7op Rnd ,
R mew=— * ;
lzee 4 ] : A
< . 187 1o Rad. ) .
By yd D el :
3 / //' .....
Y s
N 'y
4
//
zaol . . 0 MHe?t 'l;
- - ‘
/,/ £ig L3
|80 “ Rare of MHeating .
AKcrosone - sreel red
60 \ : C /d.ﬂr" .
¢ a4 8 @@ K% 20 24 2B N Fh 40 49 48 52 b Lo &9
Tieme - Min i




4

)

-3
Temperatures " T,

Table XVI

H
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Rate of Heating of Motor Using Ferosene with Radlator 1/2 Covered

Time {(min,)
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Table
Rete of Hestlng of Notor Using 50% Redlator ileohol with

FPree Radistor

g
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Table XVIIX
Rate of Heuting of Motor Using 50% Redlator ilochol with

Redistor 1/2 Covered

Tem~eratu§$a °Fs
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Por loostion desigunation see Table XIII.
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Table XIX
Rate of Heatlng of Motor Using 49% Radletor Glycol with

Free Radlator

ratugaa °Fs
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¥

— ?ﬁ@pu
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For location designetion see Table XIII.
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Table XX

Redlator Glycol with

ol

Rate of Heating of liotor Using 497
/2 Covered

Radistor 1

4

]

]

Temperatures °F

H
H
H

Locatlion
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For location deslgnetion see Table XIII.
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Figure 19 shows the rate of heating of the oil when
each solution 1s used with s free radietor, and Figure £0
shows the difference in the heating rates of the oil when
the dirferent sclutions are used in the csse of the partislly

coversd rodlator.

P. Road Teste

In ﬁrdar to simulate worst possible sctual operating
sonditiong, road tests were made in rather werm weather
using kerosene, water and radiator glycol. Table XXI shows
the results of & test run from smes, Iowa to Chiocago,
I1llinols, using kerosene in the redistor and Table XxII
shows the results of & test run from Chicago to imes ueing
water in the radiator. In both runs, there were two passen~
gors In addition to the driver. A run wees made from imes
to Lincoln, Nebraska, using radiator glycol as the cooling
medium, in which four psesengers sccompanled the driver,
These results ere presented in Table XXIII.

In 2ll of these tests the game car with the same thermo=~

¢ouples desceribed sbove was used.
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Table XXI
Rosd Test (imes to Chieago) Using Kerosene B in Radistor

At ;gpeed {a,p,h} Tw. erature °F. $ Remarks
: : $COOLINOLI Al 6D :DOLLOm:R tHead:01l:
(mia} Instant:ive.: air:zir: At .ra&i-.raéi» :ater 3 ¢ H
H % 3 3 tator :ator : ot 3 z
: t : ] 3 : 3 : : : H '
starty 50 § -~ t 70 : 88: 18: 150 : 140 : 10 1384 :172:Clear mther, no wing,
: H H s : : 3 H H : tespentially level with
H $ : 3 $ H : H : H t8light swells,
§ : 54 ¢ 36 : 65 : 89: 24: 170 : 152 : 18 1353 :242: )
5 1 25 : 48 : 66 : 92: 26: 181 : 146 : 35 31288 :255:Fassing through town.
8 1 B8 148 3 76 3 92: 16: 182 : 154 : 28 1383 :276: '
5 ¢+ 55 1 60 3z 73 : 921 19: 184 : 157 : 27 837 :290: 2
5 : 65 : 48 1 70 ¢ 92: 22: 187 : 157 : 30 :329 :289: !
5 :+ 88 1 48 : 70 : 92: 22: 1783 : 152 : 23 :317 :2808;
5 1 556 3 48 : 7Y 3 93: 22: 195 : 151 : 44 :330 :296:
10 : 35 3 42 3 70 3100: S0: 175 ¢ 150 ; 25 3294 :284:FPassing through town.
10 : 45 3 42 ¢+ 75 : 783y 5: 174 : 150 s 24 :3812 :279:
10 s 52 1 42 3 783 : 91: 18: 183 : 158 : 81 :317 :28B2:
b 343 : 48 : 52 3 72 : 92: 20: 191 : 154 : 37 13541 1280
30 : &8 : 50 3 70 3 90y 20: 184 : 153 ; 8 31347 :301:
25 s 57 t 58 ¢+ 78 3 91: 18: 191 ;: 1569 : 32 1350 :282:
36 ¢ 55 4 53 : 62 t 88: 166 : 144 : 22 :35]1 :252:3topped 10 minutes,
30 : &0 1 42 : &7 $t 13: 181 : 150 : 31 :345 :266:
30 : 57 1 58 3 67 3 78: 11: 173 : 146 : 27 1340 :265:sundown.
45 : 48 : 45 ¢ 66 3 77: 11: 173 : 148 : 25 :367 :246:Stopped 10 minutes.
30 s+ 58 : 51 3 63 & B2: 19: 184 : 163 : 21 1347 31267
30 s 54 t 40 : 58 3 Bls 23: 178 : 157 : 21 367 31287: '
30 $ == ¢t 50 t 70 3163t 93: 237 : 157 : 80 3264 :240:Temperatures reed 1 min. after
H 1 : : H H : : H H sstopping; stopped 15 min.
15 : 55 s+ 68 ;: 62 : 96 $ 170 ¢ 144 ¢ 26 1347 12493
45 : 5B 1 43 ; 58 : 78: 20: 173 : 152 : 21 :388 :266:
H $ : 3 H $ s : : : :




Teable XXII
Boad Test {(Chicsgo to imes) Using Water in Radistor

3 )
1Speed {mph} 1 ?emaeratnre F H Remarks
At _ps - T100011HOLIALT: 10D iDottomiRadl-sHeadioils '

tmigjzznatant,gve.z airsalir: sradi-:radi- :atax 3 s :
‘ : 1 3 s 3 Atsator :ator : At 3 3z

: : s 3 ] 3 H : : : H '

8 3 60 353 : 66 3 77: 11: 144: 131 : 18 :330 :249:51ight oross wind; clesr;

: H H H : 3 3 H H 3 sessentlally lavsl.
iz : 85 ¢ 65 : 62 : 81: 19: 1338: 138 1 ~- 1297 :254:
20 3 58 1 48 3 66 ; 81: 15 152: 134 : 18 :1303 :1872:
70 : 85 1 38 ; 68 : 88: 3 l46: 139 : 7 :315 :254:8topped 40 minutes. 4
25 : 53 3 46 : 70 : 91: 21: 153: 136 : 17 :300 :252: =
30 s 58 : 3B ;3 82 3 86: 24: 138: 128 :+ 10 3891 :1236: ‘ ¥
45 s 57 s B3 ¢ 62 5 Bl: 19: 143: 137 @ 6 :329 :248:Stopped 20 minutes.
30 : 80 : 36 : 58 3 83: 25: 149: 140 : 9 :330 :254:
30 s 58 1 60 : 54 : 783 24: 146: 186 : 10 :320 :253:sundown., No spprecisble wind.
30 3 ob ; S8 3 S8 ; 803 223 1833 122 : 4 :294 :240:Essentislly level with swells.
80 : 57 : 44 ¢ 58 ¢ 73; 15: 136: 129 7 :323 :28B:Stopped 30 minutes.
35 ¢ 87 :1 68 ¢ 57 : 71: 14: 132: 130 2 1317 :836:
286 : 85 : 50 3 54 : 733 19: 143: 125 : 18 :285 :236:
30 1 88 : 46 : 54 ¢ 77: 23: 136: 126 : 10 1830
3 : 58 : 50 : 54 : 73; 19: 136: 125 : 11 313 :235:
10 $ e- 1 54 3+ 58 :1368: 78: 184: 122 : 62 :213 :209:0ne minute after stopping.

3 : H $ H : $ : : H H




Table XXIII

Road Test {ames to I.ineela ami Return)Using 49% Rediator @lyeel in Raéiatar

s15peed (mpR) : ?memﬁnrs . EBATES
at :§9 ,g :%f‘%t:m.%ﬁ ﬁsaﬁ»ﬁ'il% '

(m}zmataatséte,: airieir; H aéia-;raﬁi«- ;ater : :
3 $ 3 s 38t ,ator sator :

"B 31 55 : 586 1 o7 & 4B 11: 1i4: 107 : ‘? :m :Iﬁzﬁaaezxtﬁ&lly level with swells;

10 s 50 : 48 3 35 ¢ B4s 19: 1203 109 ¢ 11 :253 :820: strong eross wind; clear.

1l s 53 1 49 ¢ 37 : 58: 15: 125: 114 : 11 :265 :232:

¢ : B3 1 583 : 37 : B4: 17: 129: 115 : 14 897 :2%4:

15 t+ B0 158 3 38 3 B4: 16: 128: 107 : 16 :255 2820

18 ¢ 852 t 44 1 40 @ B4 14y 123: 107 : 16 31261 :221:

30 : 52 1 48 3 40 : B4: 1l4: 130: 114 : 16 :884 :850:

82 : 66 1865 r 48 : 58: 16: 131: 118 : 13 :279 :242:

38 3 83 $ 47 ¢ 42 : 58; 16: 138: 122 : 16 :280 :227:

20 3 B2 : 48 3 42 : 62: 20: 140: 122 : 18 :280 :234:

30 : S8 1 44 : 42 : 62: 20: 140: 122 : 18 31258 :834:

8% $ -  =~m 3 wm § ww} ww} wmw) wwe § ~= fewe i~ewilesk developed around head

15 1 42 ; 44 : 48 ; 823 14: 132: 118 : 14 :357 :194: ecouple; repesired by weig-

15 : 52 148 3 50 : 82 18: 136: 125 : 11 1387 :2810: 1ing in friction teape,

18 : 52 ;52 : 50 : 86: 16: 142: 129 : 13 :414 :223: thereby meking all later
: : : : H H H H : H : hesd temperstures too high
H H : : H : 3 H : s : due to loss of ecooling by
H : H 3 s s % H H s + medlum.

30 3 62 1 38 : 45 3 683 25: 140: 126 3 14 :399 :m&:gatum trip. Hoderate eross
: 3 t H 3 s 3 3 H H : wind; elesr.

30 : 52 1 44 3 42 ; 58: 16: 130: 112 : 18 :1396 zlﬁ‘?:&mﬁem.

118 3 == P mm § e wm} wei wwe] w-w 3 == le-e 3~-w}3topped one hour.

20 :t 55 1t 48 : 40 : BYl: 11: 124: 111 : 13 :428 :19%9:

30 : 55 ¢ 36 3 34 : 51l: 17: 128:; 103 3 19 3410 :1197:

30 : B4 : 48 3 55 1 49: 14: 124: 111 : 13 :418 :205:

30 : 52 : 48 + 35 3 486 : 128: 110 : 18 :437 :204:

30 : 54 : 50 3 35 3 56: 21: 127: 112 : 15 :423 :208:Stopped 10 mixmtes.

30 : 54 : 44 2 35 : 51: 16: 124: 110 3 14 :422 :198:

30 t 53 : 40 : 36 : 58: 16: 132: 118 : 14 :435 :811:

30 : 585 : 42 : 35 2 + 13; 1285: 110 : 15 :417 :201:

nagn
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G. Effect of Yeriocus Solutions on Rubber Radlator Hoee

In order to determine the effect of the various sol-
utions on rubber radistor hose, a heater tank end a cooler
tenk were set up snd connected wlth the hose tb be tested
(Flg. 21). Eaoh tenk was provided with five sets of brass
inverted "F" pipes through the side, providing for the
eirculation of five different liquids at the same time, The
top of the inverted "F" wes sealed in the heater tank, but
wag only cloeed with a etopper in the cooler tank. Short
pleces of brass tubing conteining thermometer wells were
used to enable two sections of hose to be inserted in each
eireuit at the top and bottom, The bottom tubes were pro-
vided with pet cocks for draining the solutions, The tubes
were Tilled through the openings in the ¢ooler tenk,

The heater tank was heated by electric hot plates and
was provided with a reflux condenser to prevent evaporation
of the water within, The cooler tank was cooled by cold
weter coming up around each pipe through holes in a bafrfle
plate near the bLottom,.

Two brands of radietor hose (1 1/8") were tested in
this menner for 48 days, using kerosene, water, 494 (vol.)
redistor glycol end 50% {(vol.) solutions of radiator eloo~
hol and glycerine. One hose was a cheep blaek hose snd the

other was &8 high greade red hose, DBoth were corded.
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Fig. 21 Apparatus for Testing Hose
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Chenges in welghts, volumes and bursting pressures of
the hoses are presented in Tables XXIV and XXV, The changes
in dlemeter, internal and external, were too slight to be
slgnificant, especielly eince some of the hoses tended to
flatten, which made such messurements unrelieble for such
slight differences., The volumes were measured by submersion
in weter.

The bursting strength of euch hose waz tested by clempe~
ing it onto two short pleces of brass pilpe, held securely
to & buse, one of which was equipped witl en ordinary
pressure gusge snd the other connected to a 1aborét0ry hydrau-
lic pump {Fig. 28). Bursting waes accomplished by pumping
water into the aire.filled gyetem until rupture occurred,

noting the maximum pressure attained,



Table XXIV
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BEffeet of Various sSolutions on Black Radiator Hose (48 Days)

Hose #

:

iBursting: inorease ing
s Vol.,sNature of

fallure

1inside badly

50.6: decayed, leck
tocourred through
sfabrie; could
tnot burst it,

47,):Inslde partielly
tdecayed; bresk
tnormel short
tspiral eplit.

z&elutien z%wmpﬁ.Frenagre:Wt.

$ $ Fs 1 #/in % _ 3 :

] ) s ' :

15 :Karaaaae H 1?0 t 30 :83;5 H

3 H t : H

t : $ 3 $

H H H 3 :

9 H " s 170 3 60 123.6

s H H H H

H H : : 3

$ 3 H H $
15 " $ 115 55 119,86 ¢ 37,.9¢
2 3 " t 118 76 124.0 1 46.5:
17 $1Glyecol ' 170 1O 1 3.6 1 8.6
10 3 " t 170 95 3 3.7 3 B.3s
5 1 " : 115 3 80 1 1.5 3 5.7:
4 t " 1118 : 106 : 4.8 : 6.8t
1) ¢ water 1 170 : 140 1 5.1 3 7.2:
19 : " : 170 @ 90 1 B.2 ¢t T.l:
8 ¢ " t 115 ¢ 110 : 1.9 3 B.3:
2O 3 " s 118 ¢ 185 1 1,8 1 2.1%
6 :Glycerines; 170 : 140 : 1.2 t 3.6:
16 " 1 170 ¢+ 125 3 1.3 1 2.)1:
3 " s 115 ¢ 1256 1 0.3 : 2.1
12 : " t 118 ¢ 145 t 1.0 ¢ 2.8
7 t Aleohol : 170 : 110 3 0,8 1 B.7:
18 3 " 1 170 110 s 4,83 ¢ 6.5:
1l H " s 116 3 148 3 3.3 1 4.8
14 3 " t 115 ¢ 135 s 2.8 3 3,61
Originel: - § wm- 3 185 § wew | wwet

H 3 3 3 :

5

Rubber firm,
bresk normel
short spiral
split of outer
fabric follow-
ed by tearing
of rubber,
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Table XXV

Effect of Various Solutions on Red Radlator Hose (48 Days)

Hose #

H

tBurstings increase in

tsolutian :Tmmp.:?ra&augﬁ:ﬁ%. H Ve1gzﬁatura of
3 ‘Fe 3 : % z failure
3 : B 1
17 i Kerosene; 170 3§ 1086 53;1: 54&631n all cases the
H H H H H trupture was e
1e : ” $ 170 150 : 29.9t 49.2i1short spiral
H H : H H teplit of the out-
8 1 ® $ 180 ¢+ 240 : 86,3: 7,5:er fabrioe, fol-
H H H t H tiewed by teering
20 H " t 120 230 : 4.3%: 7.1tof the rubber,
H t : t : H
16 3 Glyeol ¢ 170 : 195 : 4.4: 3,51
t H s H t H
0 " $ 170 3 B40 3 .61 4.7
3 H H H H t
13 " t 120 2560 : 0,63 0,03
H H H H 5 3
8 H " $ 120 3 260 1§ 8,.8% 1.3:
H H H 3 3 1
31 : Weter : 170 3 BS0 3 7.3: 8.4
3 H H $ H H
2 : " : 170 245 1t 8,.9: 10,03
H H $ H $ K
5 3 " t 120 ¢ 850 : 1.6: 0,01
: H H H 3 :
i 3 " $ 120 ¢+ B30 : 1.7: 0.0:
2 H H : H H
4 :Glycerine; 170 : 300 : 4.5 B.9:
H H ] ' H 3
1z 3 " 3 170 268 ¢ 1.7: 0.0
1 ;P $ t 3 3
9 H " t 120 ¢ 260 : 0,3: 0,0:
3 H t H t H
6 " t 120 ¢ 300 1 0.9 0.0
: H t 3 H R
% ¢ Aleohol 3 170 B10 1 B.43 0.7y
H H s : s t
1 : d s 170 B80 31 1.5t 0.7
: H 3 H 3 :
7 3 " $ 120 3 260 3 15.8: 14.8:End swelling due
H H H H H tto outside lesk.
14 : " t 120 3 260 3 B.3: 0.7
3 $ 3 H H H
Origingly  we= 3 wee ;: 200 1 owews oe=-i
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Fig. 22 Hose-Bursting Apparatus
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DISCUSSION

The requirements thet the cooling medium prevent freezing
at the temperatures encountered and havg & low viscosity
are quite definitely shown to favor the usze of petroleum
distillatea., Corrosion wlth kerosene 1g a ﬁinar problem,
beling 13@& than with water, aﬁa very decidedly less then
with sleochol, The sulphur content of the kerosene probably
influences its corrcsiveness, but since its sulphur content
inereasses after contaect with rubber, the origineal value is
not of great importence., In a few instances not reported
in the data, the presence of water in the kerosene caueed
inoreased corrosion in the water layer.

The fire hazard of kerosene is shown to be much less
than that of sleohol, 4 csase is known to the suthor in which
the top radistor hose was punctured, allowlng kerosene to |
flow down on a hot motor, Only slight fuming took place,

The data show that although cheap radlator hose disinte-
grates under test, good redlestor hose stsnds up., Cases
are known to the author wher:in kerosene and other dlstil-
lates heve been used in the redlstor, in which the hoses
were in good condltion after a year's use., One year's
service is sll that is recommended for radlator hose 1n

use with rsdletor glycocl.
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From en examination of the thermal properties of
petroleum distilletes, the low specific hest and thermel
conductivity would indicate their unsuitability es cooling
media. However, actual operating conditions show the above
Tactors not to be controlling., The only slight increase in
operating temperstures may be explained on the basis of heat
transfer through films, In sll probebllity, the water side
of the metal in the head is sbove the boiling point of water,
(The thermocouple inserted in the head attempts to messure thie
 temperature)., In this case, & Iilm of steam exists through
which the heat must be trensmitted, In the case of the higher
bolling kara#ane, e ligquid film existes insgtead of a vapor film,
which envolves, then, a comparison of thermal conductivity of
a kerosene film {k<0.97 B.T.U. per hr., 8q. ft. and P, per
in.,) with a steem film (X%-0,15 B,T,U. per hr., sg., ft. and T,
per in.,) This ecomparison shows the advantage of the uge of
kerosene under suoch opersting conditions.

Another possible explanation lies in the great excess
radistor cooling capacity of the sutomobilea, In csses known
to the author wherein the radistor was badly c¢logged, kerosene
did not perform as well. In these cases, the reserve radlator
srea kept the water from boiling, but was insignificent to
prevent the kerogene from boiling, This faoct is also brought
out by the faster rate of hesting of the kerosene compared
with water ln the half-govered rediator tests. In present

radiator design, with muoh smeller dlameter tublng, faster
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eooling should meke this difference even less.

The elight inerease 1# operating temperature of the
motor should produce more efficient motor operation during
the eold weather, This effect should be determined by
dynamometer teste. In addition, tests should also be made
on the variocus grades of lubricating oile to determine
whet effect the slight increaee in ol)l temperatures has upon
viecosity and other oiliness properties. These investigations

would complete the study from ell angles.
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CONCLUSBIONS

The foregoing &éta Juetify the followlng conclusionsi

Keroeene is less visecous at low temperatures than any
of the materiels commonly used as cooling media,

Kerosene 1s less dangerous as s fire hazard than a 50%
aleobol solution.

¥erosene offere no carrasioﬁ problem when in contact
with metel surfaces.

Ferosene 1z more severe than other cooling medie on
rubber hose, but e gquallty produet stends up both in
laboratory teste and under actual conditions,

Eerosene casuses & motor to heat up slightly faster than
the other solutions and attelns & temperature of 15°F,
higher under no loead.

Kerosene can be used satlsfactorlly asg a cooling medium

in actusl operstion, even in qulte warm weather, causing

the motor to run about 30°F, hotter than with water,



SUMMARY

when kerosene or other petroleun distillates are
used as cooling medis for internal combustion engines, the
denger from freezing, fire or corrosion is nil.

When used with a quality grede of redlator hose, only
slight deteriorution takes place, and hoses have shown
satisgfactory condition after cne yeer's use,

The Inoresse in the opersting tempersture of tle motor
is only slight and should produce an advantage during the

¢old weather,
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