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NACA ARR No, ESBO6
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
ADVANCE RESTRICTEZD REPORT

HEAT-TRANSFER TESTS OF SEVERAL ENGINE COOLANTS

By E., J. Manganlello and J. R, Stalder

SUMMARY

The relative cooling performance of water, commerclal Prestone
(ethylene glycol plus edditives), and several ethyleme-glycol and
dlethylene-glycol derivatives was obtalned from tests coniucted with
a small electrically heated Leat exchanger. The camparison of the
cooling periormances In this report covers only the turbulent-flow
region under conditions where the effects of fllm bolling and free
convection are negligible. Because all of tke pertinent physical
properties of the organlc coolants were not avallable, the heat-
tranafer coefflclents obtalned were plotted as a function of average
coolant temperature and welght rate of coolant flow.

The relative cooling parformance of water 1s much higher than
that of any of the organic coolants tested, being 4.4 times greater
than that of Prestone st 200° F, Four of the coolants tested had
cooling performances at 200° F ranging from 1.09 to 1.23 times that
of Prestone.

INTRODUCTION

The present extensive use of liquld-cooled ailrcraft englnes
bhas restimulated interest in the search for a more satlisfactory
high-temperature coolant than ethyleme glycol. The requirements
imposed on an engine coolant are verled and mevere, It must be
capable of withstanding high temperatures (250° F or higher) in
order that radiator sizes may be kopt to a minimmm, At the same
time the properties of the coolant should be such that a high rate
of heat transfer 1s obtained betweon the cylinder walla and the
coolant in order to maintaln low cylinder-wall temperetures., In
addition, the coolant should have a high flash point for safety
conslderations and should be stable and chemically inert toward
the materiels used in the cooling system.
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Ethylene glycol has been widely uvsed as an aircraft-engine
coolant in the United States becarse it has a kigh boiling point
that permits operation at coolant temperatures of approximately
250° F with attendant emall redlator sizes. The use of agueous
solutions of ethylene glycol resuwlts in increased heat~transfer
performance compared with that of strafghtt ethylene glycol bub
requires thet the cooling system be pressurized 1f the sams cool-
ant tempsrature is to be obtained.

Results of unpubl.ished tests conducted by the Lthyl Corpora-
tion wvith ethylene glycol, dlethylene glycol, triethyleme glycol,
Cellosolve, butyl Cellosolve, and agueous sclutions of these flulds
in a supercharged CFR engine shcwed that dDoth Cellosolve and vutyl
Cellosolve geve better coolinz than did ethylense glycol. The con-
clusion was reached that the toilling polnt of the chief constituent
of the coolant was the most important property affecting the heat
transfer betwsen the cylinder wall ard the coolant, The tests were
conducted urde: ccnditions favorable to boilling; that 1s; a very
low coolant flow rate cambined with a high coolant tempsraturs,

Frank (reference 1) showed that the temperature difference
between the coolant and tke cylinder wall was much larger whan
ethylene glycol rather than water tas used as a coolant, ¥Vood
(reference 2) observed a sinllar condition and attempted to explain
the phenononon in terms of the laten: heat of vaporization and the
speciflic heats of the two fluids.

A soarch of the literature was made in an effort to obtain a
list of fluids that would be suitable for test work. Most fluids
falled to meet one or more of the previously montioned requircments
of a high-temparature coolant. The list was finally composed of
goven orgenic liquids, all cthylene-glycol or diethylene-glycol
derivatives.

This preliminery study was hampered, in many cases, by lack
of knowledge of tho physical. propertios of the flulis, especially
thormal conductivity. Estimatos of the thormal conductivity were
mede for promising fiulds by means of an emplirical equation derived
by Smith in reforoncoe 3. It should be noted that, 1f thormal con-
ductivity, viscosity, and apecific keat are known for a fiuid, its
heat-transfer porformance in the turbulent-flow rangs can be
dircctly predicted. For most of the flulds tested some of these
properties were not avellablo; honce experimental work was neces-
sary to determline the heat-trsnsfer coefflcionts.

A small heoat-transfer unilt rather than an engine was selected
for tho oxporimental work inasmuch os heet-transfor data from
enginos are apt to be orretic owing to the difficulty of controlling
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the many variables present. The heat~transfer unit was designed to
slmulate engine conditions in that the heat input per unit area
corresponded to the high rates obtalned in liquid-cooled engines,

A forced-convection, turbulent-flow basls was chosen as that
likely to correlate heat-transfer data obtained from liquid-cooled
engines because coolant flow rates are high and the flow is turbu~
lent in the coolant passages. Preliminary heat-transfer data
obtailned from a liguld-cooled oylinder showed that this cholce was
Justified although some evidence indicated that the heat-transfer

processes on the liquid slde are compliocated by other modes of heat
transfer, such as film bolling,

Because no data found in the literature presented the occmpara-
tive characteristics of englne coolants in terms of heat-transfer
theory, experimental tests were conducted to form a rational method
for the comparison of ligquld coolants on a heat-transfer basis and
to compare the heat-transfer properties of several pramising organic

coolants. The results of the experimental tests and an analysis of
tho results are presented herein,

SYMBOLS
°p specific heat at constant pressure, (Btu)/(1d)(°F)
Pr  Prandtl mmber (Pr = cpu/k)
D equivalent diameter (D = Dy - Dy), (ft)
Dy inside dilsmeter of Micarta Jacket, (ft)
Do outside diameter of moncl-metal tube, (ft)
h surface heat-transfer coefficlent, (Btu)/(sec)(sq £t)(°F)
Nu  Nusselt number (Nu = hD/k)
h/w? cooling-performance factor
k thermal conductivity, (Btu)/(sec)(sq £t)(°F/ft)
average coolant temperature, (°F)
v fluid veloecity, (ft)/(sec)

Re Reynolds number, (Re = VDp/u)
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W welght rate of flow, (1b)/(seoc)
K abgolute viscoslity, (1b)/(eec)(ft)
p fluid density, (1b)/(ou f£t)

n, m exponents, experlmertally defemnﬂnad

ANALYSTS

The heat~-transfer coelflclent is, for forced-convection turbu-
lent fiow, a frmctiun of the welght rate of flow and the various
proverties of the coolant. This relation may be derived by d'men-
slonal anglysis ant l1e glven sfmbolically by exprensing the Nusselt
number es a power functlon of ths Rernolde and Prendtl nimbers:

g (WY r’_pﬁ)” )

The numerical values of the ccnstant @ and the exponents n and
n may vary according to whethsr the flow 1s upward, dowrward, or
horlzontel and also according to wheather the fluld is being heated
or cooled. For one givon flow coniition, however, £ and the
exponents n and m are constant regerdless of the type of liquid
belng tested.

For the purpose of the present tests, equation (1) may be
written

5 gox(2) (fzﬂ\’” (2)
W w' \x/

where @' 1s a constant including the characteristic Giameter D,
The relation given in equations (1) and (2) 1s of groat value in
predicting heat-traensfer coofficlents 1f the fluld properties in-
clued in the equatloa are known. Because cp, uk, and k are
functions only of temperature, equation (2) may be written for ome
liquid as .

=gz (1) ()

Equation (3) 1s conven'ent for the purposoc of rating coolants
when thelr properties are vnknown. Whon h/wn 1s plotted agalinst
T, a separate curve 1s obtained for each fluid., Tho fluld giving
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the higher heat-transfer coefficient for a glven flow rate will pro-
duce the larger value of the left-hand member of equation (3), end
the curve for the better coolant will therefore lle above the curve
for a less efflclent coolant. Coéndequéntly, ‘the paramster h/WD 1s
a measurs of the cooling performance glven by any fluld in a purely
forced~convection, turbulent flow, heat-transfer process and will
hereinafter be termed the "cooling-performance factor.™

If equation (1) 1s transformed into the form of equation (3),

1t 1o necessary only to plot h agalnast W at a constant coolant
temperature in order to determine the value of the expoment n,

COOQLANTS

A summary of the coolants tested and thelr physical propertles,
obtained from reference 4, are given in the followlng table:

Bolling point] Flash|Specific iscoslity at
Coolant at 760 rm point|gravity at|68° F
(°F) (°r) [689/68° F |(centipoises)
a a
FReggone 3% T | LA | A%
Diethylene glycol 473 290 l.1184 37.70
Carbitol 395 210 .9898 4,50
Butyl Carbitol 447 240 . 9555 6.35
Methyl Caxrbitol 380 200 1.0354 3,91
Dilethyl Carbitol 370 180 .9094 1.39
Benzyl Cellosolve 493 265 1.0700 |e=e——cacee--

8These values are for pure ethylene gly¥col and are therefore
approximate for the Prestone used in the tests,

APPARATUS

The heat-transfer unit used for the experimsntal tests is shown
in figure 1 and consisted of a monel-metel tube of 1/2-inch outside

diameter and 15]2-‘-1nch longth., The wall thickmess was 1/32 inch,

Hollow copper terminals were sllver-soldered on the ends of the tube
making the test section 14 inches long. Ten chromel-constantan
thermoccuples, spaced elong the tubs in two cClametrically opposite
rows, were soldered flush with the surface of the tube with a high
melting-point soft snlder. Tho thermocouple wires were brought out
through the ingide of the tube and the terminals. Beocause the last
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point of ocntact of the two wires forming the thermocouple hot
Junctions was at tlke inside of the tube, the temperature measured
was thst of the Inside surface of the tube, The tube was surrounded
by a Micarta Jacket of 3/4-inch inmide diameter that permitted the
liguid to flow vertically through an annular passage 1/8 inch wide.

The tube terminals were clamped to the secondary terminals of
the tranoformer, (Sse fig. 2.) Tke voltage across the primary
slde of the transformer could be closely adjusted by means of a
saturable reactor-type voltage reguletor. A wattmeter, two volt-
meters, two ammeters, a current transformer, and a potential trans-
former were used to measure the power, and lence the heat imput, to
the tube.

The current transformer stepped down the tube current to a
value commensurate wlth the range of tke current coil in the watt-
meter, and the potential transformer performed a similar function
by stepping vp the low voltage drop across the monel-matal tube.
Because the transformation ratlio of the potential trangformer
varled slightly with load, the ratlo was determined during each
run by voltmeters placed across the primery and secondary sides.

A correction was applled to the power measurements becavse of the
voltage drcp in the potontial leads., This voltage drop was calcu~
lated from the known resistance of the leads and the curront in

the leeds, which was determined by an ammster. The effect of phass-
angle ghift on the potentlial traasformer wes checked with an oscil-
loscope and was found to te negligible,

The inlet and outlet temperatures of the coolant were measured
by separate thermopiles consisting of four chramel-constantan
thermocouples connected in surles and spaced across the inlet and
outlet flow passagos. These two thermopllss woere differentially
commected &t the cold-Juncticn box so that thelr voltages were
opposed, Thus it was possible to read four timesthe average elec-
tromotive force at both the inlet ani outlet sectlions and four
times the 4difference in averzge elsctromotive force bevweon thoe
Inlot and outlet sections,

Figure 3 shows the arrengemont of the apnaratus, The coolant
flow rate was meoasured with a flownstor of the rotemeter type that
wag calibrated in nlace for each iiguid by moans of a woighing tank
and scale. Tho fiow was obtained fiom a contrifugal purp that pro-
duced a maximun flow of approximately 8 gallcns por minuto,

Mercury-in-glass thermcmetors located in wolls at the inlet and
outlet soctions pormittod direct ohseorvation of the coolent torpera=-
tures. The inlot-coolant tamporature was controlled by an eloctri-
cal preheator and a water-ccolod heat exchanger, The cooler could
be bypassod to permit increased flow retes.
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TEST PROCEDURE

. The experimental procedurs consisted in adJjusting the tube
current to the ‘desited value by means of the -voltage regulator.
The coolant temperature was set by means of the preheater and the
cooler, The coolant flow was regulated by throttling valves in

the outlet side of the pump and by the bypess valve on the cocler,

When equllibrium was attalned, the electrlcal meters were read
anl thermocouple readings were taken with a portable potentiocmeter,
The meters were agaln read at the completion of the run and the two
values were averaged,

Two series of runs were made for each coolant, In the first
series, the average coolant temperature was maintained constant and
the weight flow was varied, In the second serles, the welght flow
was held approximately comstant and the coolant temperatwre was
varied., The first serles was made for the purpose of obtaining the
exponent n of the welght flow rate W, and the second sorles per-
mitted the valuo of h/W! +to be plotted agalnst temperature.

The maximum tube current was approximately 1100 amperes, which
corresponds to a heat flux of 101,000 Btu poer square foot per hour,
In arder to obtaln an accurate value of the heat-transfer coeffil-
clent h, 1t was desirable that the power input to the tube be as
Lhigh as possible. Thlis maximum hoat input was determined by varylng
the tube cwrrent and Lolding the coolant flow rate and coolant tem-
perature constant. When the calculated valus of the heat-transfer
coofficient ceased to become Independent of the tube current, this
current was assumed to bo the maximum that could be used without
Introducing additional hoat transfer due to free convection or boll-
ing. Tho tube current was then slightly decreased to bo certaln
that the data would not be affected dBy the proviously montioned
faetors.

The values of heat imput obtained dy measuring the flow rate
and the temperature rise of the coolant agrced with few exceptions
to wlthin 5 percent of the values obtalned by tho eloctrical-power
measurements. In all casos, howovor, the heat-transfer coecfficlent
was calculatod by using tho valuos of the oleotrical-hoat Iinput
because this moasuremont was thought to be tho more reliable of the
two owing to tho difficulty of acocuratoly moasuring the small tem-
perature rise of the coolant.

A summary of the exporimental data 1s prosented in table I.
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DISCUSSTIOR

. In order to plot the data in the form glven by equation (3),
the value of the exponent n was determined by plotting h against
W for several coolants, as shown In figure 4, and by measuring the
‘slope of the curves, From flgure 4 the value 0.8 was selected as
an average slcpe that most nearly represented the data for all the
coolants. The result of plotting h/W°-® against T for the
coolants tested 1s shown In figure 5. The relative cooling-
performance factors at 200° F of all 1liquids tested when the factor
obtalned with Prestone ls taken as unity are as follows:

Relatlve coolinz-
performance factor,

(h/wn)coolan:

(h/wn)Prestona
Prestone 1.00
¥Yater 4,46
Diethylene glycol Ml
Carbitol 1.16
Butyl Carbitol .96
Mothyl Carbitol 1.23
Diethyl Carbitol 1,14
Bensyl Cellosolve 1.09

From an inspection of the values 1t 1s seen that of the organic
coolants, dlethyl Carbltol, methyl Carbitol, Carbitol, and benzyl
Cellosolve are slightly more effectlve than Prestone for cooling in
the forced-convection rango; wiereas dlethylene glycol and butyl
Carbitol are slightly less effective. Water, of course, is much
nore effective than any of the organic coolants, '

Bocause the heat generatlon in the small plug of solder at the
Junction of thes thermocouple wilres was not the same as that in the
tube wall proper and because the point of contact of the thermo-
couple wires nearest the potentlometer was at the inslde swrface of
the tube, the wall temperatures listed 1n table I are not the true
surface temperatures, The relatlve values of the cooling-
performance factors of the vdarlous coolants tested should not, how-
ever, be greatly affected even though the true surfaco temporatures
of the wall were not mecasurod,

Operating characteristics of the heater tube were very satls~
factory, Equilibrium conditions were quickly obtalned when the



NACA ARR No. ESBO6 9

electrical Input to the tube was changed. An autamatic, liquid
temperature controller would have heen an lmprovement on the test
setup to facilitate close control of coolant tanpera.tures. .

we . e

A prelim.ina.ry study of the chlori:nted h,yamcarbons , same of
vhich are noninflammeble, was discontinued because the heat-transfer
propertles of this group were found to be very poor. In addition,

most of these campounds tend to become unstable in the presence of
alr, hot metal, or both,

The results of thls investigation were discouraging In that no
high-bolling coolant was found that had markedly better heat-transfer
properties than ethylene glycol, It 1s unlikely that any common
organic fluld can be found that will approach the cooling perform-
ance glven by water. An ldeal scolutlon to the cooling problem would
lie in the discovery of a substance vhich, when added to water,
would raise its bolling point at atmospheric pressure to 250° F or
higher without eltering 1ts heat-transfer properties.

SUMMARY OF RESULTS
Tests wlth a small heat-transfer unit indlcated that the
cooling performance of water 1s greatly superior to all seven
organlo coolants tested.

The use of an electrically heated tube for the determination
of heat-transfer coefficients was found to be practicadble because:

(a) A high heat flux could be readily obtalned.

(b) The determination of the heat input wes simple, fast, and
acourate,

(c) Equilibrium conditions could be quickly obtained.

Alroraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohilo,
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TABLE I ~ SUMMARY OF HEAT-BXCHANGER DATA
Cool~-| Cool~- | Power | Aver-|Cool~ [Surface Cool~- [Cool- | Power | Aver- |Cool- |Surface
ant ant- input | age ant- eat- ant ant- input | age ant- |heat~
flow,|in to tube jout transfer rlow, |in to tube Jout |[transfer
Coolant | ¥ tem~- tube tem- |tem- |coeffl- Coolant W teme tube tem- |tem- [coelf]-
(1b/ | pera- l(watts)| pera~|pera~- {cient, {1b/ [pera~ {(watts)|para- |pera- {clent,
min) | ture ture [ture h rmin) ture ture f(ture h
(°F) (°F) |(°P) J:Btu/(sec) (9F) °r) [(°F) | Btv/(sec)
. 39 ft) (sq f£t)
(°r)] (°F))
(l37.8 {160.0| 2090 {201.0{165.0] o0.102 (55.2 192.0} 4540 |351.4 |199.0] 0.181
46.7 |162,0| 2093 |271.0{166.0 121 61.4 [195.0] 4426 |337.9|202.C .197
52.6 |158.0| 2093 [260.0[162.0 130 68.1 [194.0] 4415 {333.6 [199.0 «200
S8.7 |161.0| 2088 |253.0[165.0 44
53.5 | 99.0| 4459 |316.1]107.0 <130
30.4 |202.0] 2430 |345.0|208.0 107 60.5 J102.0| 4483 |312.4]110.0 138
39.0 205,01 2422 |318.0(209.0 .135 67.5 lho7.0| 4435 {309.0{114.0 .139
47.9 |204.0{ 2427 |300.0[208.0 .160 Butyl
53.9 |205.0| 2427 |290.0|2039.0 .181 Carbitolq [55.0 |146.0| 4465 |326.8(153.0 157
60.0 |204.0| 2409 |282.0|208.0 196 61.2 [146.0| 4484 |322.2]|153.0 .161
Prostoneﬁ 60.5 {145.0] 4536 |316.2{151.0 .168
56.7 |116.0 | 3670 |308.0{123.0 .120
54.2 |130.0| 3566 |318.0{136.0 .120 64.0 |137.0] 4140 |323.9|144.0 .140
56.0 {150.0 | 3660 |312.0)156.0 143 64.5 [148.0] 4163 |322.9{154.C .151
5640 }1159.0 | 4425 |342.0(1€6.0 153 €4.6 [152.0( 4108 |324.3{158.0 .151
\ |64.7 |178.0] 4178 |329.9l174.0] .18
59.1 {191,0| 3645 |313.0]|194.0 .188
60.0 }222,0 | 4278 |340.0|228.0 231 /182.6 | 99.0] 3688 |275.7]106.0] 0.124
59.4 |232.0) 3645 }530.0{237.0 .238 8.2 1 99.0) 3698 |271.61105.0 .128
\_|59.8 |242.0 | 3652 |336.0{248.0 .249 66.1 | 98.0] 3664 {259.7]104.0 134
72.6 |102.0] 3872 {247.3]107.0Q .160
(17.5 | 60.0] 2696 [1s8.c| 71.0] o0.180 .
22.2 | 60.0 | 2720 [14€.0{ 68.C +206 48.9 1146.0] 3539 |266.7)153.0 .160
27.0 60.0 2731 |137.0) 66.¢C .229 55.5 |1458.0] 3611 [279.2]150.9D .170
32.3 | €0.0 | 2760 |129.0} 65.0 260 61l.1 {146.0! 3620 |269.1{153.0 .187
37.6 | 60.0 | 2768 {123.0| 65.0 + 282 67.9 j147.0} 3714 [262.4]152.0 204
74.2 [147.0] 3706 |254.5]152.0 .219
32.2 }139.0 | 2527 |182.0/144.0 .392 Nethyl
37.3 |141.0 | 2538 |179.0]144.0 +438 Carbitol( [48.5 [193.0] 4272 [325.1}202.0 .208
41.7 |142.0 | 26%8 |177.0]|144.0 467 s54.1 |195.0] 4270 |318.1]202.0 .221
43.2 {142.0 | 2558 [173.0}144.0 .528 61.0 [193.0} 4280 }312.0}200.0 .230
55.0 [141.0 { 2561 [171.0(144.0 668 67.5 {192.0| 4307 {305.3[198.0 242
60.5 |142.0 | 2561 [170.0(144.0 .589
43.2 |228.0| 392 |[333.6{235.0 218
17.5 |118.0 | 2773 [191.3[127.0 +250 54.1 |231.0] 3589 |327.4{236.0 .237
17.5 ]154.0 | 2782 [216.0[164.0 303 61.0 |229.0]| 3594 [320.7(234.0 250
17.5 |194.0 | 274€ |254.1)204.0 370 64.5 |225.0] 3595 |313.5]230.0 .259
Water { \|70.8 |226.0] s576 |308.6|2s1.0] .277
37.8 [120.0 | 2774 |160.1125.0 438
37.8 |140.0 | 2765 [175.9]144.0 .506 (l49.0 | 97.3] 4054 [280.8{1G6.1| 0.141
37.6 |154.0 | 2765 |198.9 [158.0 522 53.5 |101.5] 4138 |271.7{109.1 .155
37.8 |175.0 | 2749 |206.4 |180.0 552 57.5 | 96.5] 4139 }263.4]104.0 .188
37.8 1203.0 | 2741 {233.1l206.0 895 62.2 | 99.4{ 4072 {255.6{106.5 .166
67.7 | 97.3| 4052 |246.5{104.0 172
51.8 |138.0 | 4137 [183.5(143.0 597
51.8 |155.0 | 4404 |201.1]159.0 .620 47.€ |147.0| 3JF972 |£97.1]1s8.0 171
51,8 {175.5 | 4354 |219.2 |182.0 .668 51.8 |147.0] 3998 ]292.0]1s4.C 178
Diethyl 56.2 [146.0| 3996 |288.8(151.0 177
57.9 |116.5 | 4124 J161.5]121.5 603 Carditol{ |60.6 |146.0| 3997 |234.1]152.0 .183
6.0 {136.0 | 4181 {180.0}140.0 .€18 65.5 [150.0} 4005 [279.5]156.0 .197
56.9 {147.0 { 1195 {159.5[1438.0 <646
568.9 {191.0 | 1651 |207.91193.0 790 50.5 |200.0| 3116 [298.1}207.0 204
57.9 |188.0 | 4365 |218.5[183.0 .819 51.2 |194.0| 3869 |317.9|203.0 .201
58.9 [193.0 | 4185 |229.1J197.0 +760 55.7 ]195.0) 3899 |315.7]|204.0 +206
59.4 |197.0) 3937 |316.7|206.0 .212
("{s52.0 [102.0 | 2236 (286.1{106.0| 0.076 \ {62.8 |194.0| 3964 |312.3{205.0 .218
57.5 [|115.0 | 2430 |328.8 [122.0 .072
( |47.7 |100.0] 2705 |269.0[103.0] o0.100
Diethyl- } |61.4 ]136.0 | 2477 |299.6 ]139.0 <095 57.2 |102.0] 2717 }264.0]106.0 -105
ene 4 50.5 1160.0 | 2238 |287.2[162.0 | .110 66.5 | 97.0( 2698 [258.0|103.0f .106
glycol 61.0 J176.0 | 2425 }301.1j180.0 «123 72.5 j101.0] 2725 |258.0}105.0 .111
62.0 1199.0 | 2521 {311.8|202.0 <141
62.2 |216.0 | 2494 |319.1 [220.0 .153 49.5 [150.0] 2717 |276.0|156.0 <137
\ [62.5 [231.0 | 2518 [329.3|235.0 .162 58.6 [149.0| 2710 |274.0(153.0 <137
70,0 [150,0| 2717 [262.0{153.0 .153
/145.0 |100.0 | 2941 |278.0l106.0 ] 0.104 Benzyl 74.0 |149.01 2679 }254.0)152.0 Jd62
50.9 |102.0 | 2036 {270.0{106.0 2110 Cello-
56.5 [|102.0 | 2945 [261.0{106.0 217 solve 57.4 [200.0] 3054 [295.0]|203.0 204
62.5 | 99.0 | 2962 |252.0{104.0 +123 66.0 |195.0] 3067 [291.0(203.0 .207
68.4 1102.0 | 3012 }244.0}105.0 <133 74.5 |198.0] 3095 {286.0|202.0 .223
46.9 1147.0 | 2964 [285.0[153.0 +136 52,5 |158.0} 3062 |287.0|164.0 151
53.3 ]150.0 | 2976 }275.0]154.0 +160 52.0 {175.0} 3065 }[290,0{180.0 .170
Carbitold [59.2 |149.0 | 2988 |263.0[153.0 166 52.5 [198.0} 3075 {298.0}203.0 197
66.5 (149.0 | 2968 {254.0[153.0 179 49.5 [200.0| 3095 {300.0{205.0 192
71.4 ]148.0 | 3030 [245.0[152.0 .168 \ 53.0 [224.0| 3067 |307.0]225.0 233
7.1 ]199.0 | 2942 |302.0}205.0 .183
54,0 |200.0 | 2961 {294.0!205.0 .202
60.5 [200.0 | 2941 [282.0]204.0 .228
86.3 |197.0 | 2940 [274.0}202.0 244
\[72.0 ]199.0 | 2840 |269.0}202.0 269
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Figure 1. - Heat-transfer unit.
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Figure 3. - Coolant-flow diagran.
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Figure 4,- Effect of welight rate of flow on the surface

heat~-transfer coefficients for several coolants,
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AREL TME  Heat trsasfer tests of several engine coolants
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Seven engine coolants were tested 1n amall electrically heated heat exchanger. Pur-
pose was to find coolants with high hest-transfer coefficients and boiling points of
250°F or above to replace ethylene glycol. Coolants were water and derivatives of
sthylene and diethylene glyccl., Four ccolants showed slightly higher heat-t{ransfer
coefficients, while that of water was four times greater. Results wsre discoursging in
that no coolant with a boiling point over 250°F showed an appreciable heat-transfer gain.
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