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Outline of Topics Covered

How much heat?
Where does the heat go?

How heat is transferred

— Conduction

— Convection

— Radiation

Fluid properties and considerations

Water pump characteristics



Heat load proportional to horsepower

100 HP = 254,670 Btu/hr
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Fig. 4.5 Heat balance of rotary engine



The heat must be rejected to the air
— (duh!)

» With air-cooled aircraft engine, path is
direct — Cylinder wall to air

» Water cooled engine path is longer —
cylinder to water, water to heat exchanger
surface, surface to air

 Available Temperature driving force is less
for water cooled engine



Inside the engine heat transfer
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Coolant Properties make a ditference

NACA report #853 ‘ E‘E'm e
Measured head and | & |

wall temperatures %.?%LR__ Tolyea ke T
Varied flow rate and | & “HH PR

coolant composition E'}.J*;H BRs = ===ni

Desired properties i e

— High k (thermal cond) 2 y ,.,5 7 R S T

Average hsad coolont tempercturs, Ty °F

— High Cp (heat capacity s m—sow o oot cuapstion sea eapenrs o
— Low p (Viscosity) L yoon Jwesoomaatipn: ortnses,




Flow velocity makes a difference
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Heat transfer - engine to radiator

Want to transport the

heat from core to Engine |} ——

radiator

Done by coolant flow \
Q=m(Cp)dT

— m is mass flow #/hr {

— Cp is heat capacity Or
— dT Is temperature rise Pump

dT(rad) = dT(engine) ~/



Sample calculation
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50% glycol, Cp = 0.87, density = 8.47#/gal




Heat transfer — radiator to air

Heat lost by water = ‘ [T weter
heat picked up by air

Qwater = c;’air

Qwater = mw*pr*dTw

> -
Qi = My Cp,dT, f— Tout i

Tﬂut_air < Tin_water

Tout_water > T,

in_air
Cp,, >> Cp,
Therefore, m, > m,,

T

in_Water



How much air?

Air flow requirements

35000
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Heat transfer — radiator to air

Airflow
(into page)

Water flow

« Film coefficient from water to metal
|'lﬂ = Nu*k!(4rh)

«Conduction through metal and metal fins
k = metal property, fin effectiveness

Film coefficient on air side
h, =St"G"C,

«QOverall heat transfer resistance
1/U=1/h, + Xk + 1/h,,

«Overall heat transfer coefficient
U=1/(1/h, + x’k + 1/h,)
U [Btu/hr*{t?]

Q=UAYT,-T,))



So for best performance you want

* High k
— Aluminum or copper for walls and fins
— High k for the fluid also

» High Cp (water > glycol mix > glycol)
» Low Viscosity
« |ots of surface area on air side

» Max temperature difference between
water and air



What about other fluids
. Qil

— Generally has higher viscosity, lower C,,
lower k

— Mazda oil cooler has ‘turbulence enhancers’
to improve performance

» Evans Coolant (Propylene Glycol)

— Generally has higher viscosity, lower Cp,
lower k

— Has some advantages | you can run hotter
(we can't)



Some fluid properties
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Min. Part.
Four Aoate Pump Thermal Cond. Press, 1977
°F Use |Frevse (Boil | Flash | Fire | IGN | Temp BTU/WF | Viscosity n’/HR meity 16/t | BTU f/HR ff 100°F | gl
Fluid Range op oF oF | o “  |weacp [Zov x'__'i!mb'_ Z00°F hTT.'JT:{"}_ 200°F | 4000F W#’W‘?‘“ PEIA | Price
Duwtherm A t 45 - 750 & F | 495 55 175 1160 -dz8 . 50 ~zal 0159 | &2.48 BE. T . DT85 - G ES - 8.0
Dowtherm G + 12 =850 | - 18 p | 578 05 I15 | =10%0 « A0 ATE < dora| .0ZvT G5, 24 58 82| 0742 0720 = 1.7
Dowtherm HP + 15 - Sag 15:? 695 420 160 HED - 520 LD | 1156 256 51. 77 46.78 | .0785 . 0705 - .3
Dowihe rm J =100 - 575 | -100 F | ans 145 | 155 BOG -100 A 505 | L0808 | .oan 50. 12 44,36 | .0730 . DE5E =128
Therminol 44 - B0=-425 |- a0 P | 640 405 438 TOS - 20 8. 20
55 0 -600 | = 40 P £ s AL 675 ¢ 05 , 320 L6820 | . 1067 . 455 5216 47.87 | .o7sa . 0 2. 80
H =60 -600 | - W P | G500 1o 320 HEL - 35 445 .53 | . o&TT L0238 | S9.1 54. 8 .73l . DEAL 1.286 7.50
66 o 850 |- 18 P | B8 155 agz 706 a0 A D 330 | L1T1Z L0350 | 58 3@ 53,70 | .85 . 0BT T.50
Sun Vis Tol - I0 P ETil} .53 -6 - 10 L3 S50, 8 4. 5 -OTRO . 0708 L. 25
Humble Therm 00| - 5 - @00 [+ 18 F .{::ﬂ 425 475 . B25 L5633 | L 244l - DG4 30,79 16.42 | 0750 . B70S
Caloria HTA) # 15 - B0 |+ 15 p 4l -8l SB42 | 2Ti L 0GTT 5H. S 88 | 0361 . B4 =, 7T 1.95
Mohiltherm G00 - 5 =800 ¢ P | &S0 S840 i LA1B . 532 | 2710 - 0543 5. 27 52,16 | .DGETS » 3L
Sun 21 = GO L1 4115 . 538 -B50 | . 2532 « 053 51,46 4T.40 | 0733 . DBET 1.256
SF =H1{5) -120 Mope | =000 |=640 H15 . 458 LATH | L0241 - 01049 54,71 48.16 | 0845 . 4B L2, D
AIF =06{10a) = 67 P | Hone =600 | =G40 50 - dsd LA30 |, 0384 - L4 5. 69 49,27 | .0845 L =1g. 00
LiCON S0 0 - 580 (- 35 @ S 1540 TH . 53 . 56 LAdG 132 &, BT 36,69 | .0A% . Rl
Therminal H8 291 - g0 | 2a3 p | 70§ =75 | 460 | >1000
Water 2% | 21z Moane | Maone Mo 00 1, 00 i.og | 8023 | ,od61 | 60,00 63,65 | .382 . ARz 250
SO0% Water Glyeal - 34 F | 225 Mone | Mo HE - . BT -, B 287 . AL 83,43 |~56,8% | .260 &=, 260
100°F Glyenl AF |32 270 B - B B4 = 3 . QAR - 0323 6. 17 59.75 | .135 =_ 080 3. 50
UCON XHTF-2 - 5 B .48 55 . 0B8R
UiCON XHTF = H P LA -B& 164
DI S=150 - 25 P |T15 400 | 450 532 .E1 . 233 , (54 51,48 42.47 | .08a . 0595 L. 25
RDURD 5-108 - 2o p ara 420 187 .o L. 28
Ideal Plusoil + 10 P L. M
Bun Vis 916 LI .53 . B4 - o 62 5ib, B3 48.47 | . o750 o FT 040 1.28
Sun Vig Tiw 2 r K i - B . 213 L HH 60,4 A6, 5 . 0745 . 0700 1.25




Pressure (psi)

13-B Water Pump Curves

—e— 2448 r
-8 37301
—+— Hhaqr

1M
DIT]

DITI

—— 290894 run2
—— Inlet pressure

Flow - GPM




Pressure (psi)
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Pressure across cores
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Mazda 13-B Water pump
Flow tests

Flow GPM
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