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COOLING CHARACTERISTICS OF THE V-1650-7 ENGINE 

I1 - EFFECT OF COOLANT CONDITIONS ON CYLXNDER 

T ~ ~ E S  AND ElWJ! REJECTION AT sEVl!R& ENGINE POW338 

By John H. Povolny, Louis J. Bogdan 
and Louis J. Chelko 

A An investigation has been conducted on a V-1650-7 engine t o  
determine the cylinder temperatures and the coolant and o i l  heat 
rejections over a range of coolant flowa (50 t o  200 gal/min) and 
o i l  in le t  temperatures (160° t o  2150 F) for  two values of coolant 
outlet temperature (250° and 27S0 F) a t  each of four power condi- 
tione ranging from approximately 1100 t o  2000 brake horsepower. 
Data were obtained for  several values of block-outlet pressure at 
each of the two coolant outlet temperatures. A mixture of 30 per- 
cent by volume of ethylene glycol and 70-percent water w a s  used as 
the coolant. 

The effect of varying coolant flow, coolant outlet tempera- 
ture, and coolant outlet pressure over the ranges investigated 
on cylinder-head temperatures was s m a l l  (00 t o  250 F) whereas the 
effect of increasing the engine power condition from l l00 t o  
2000 brake horsepower was large (maximum head-temperature 
increase, 110' F) . 

A t  the request of the A i r  Materiel Cammand, Army A i r  Forces, 
an investigation t o  determine the cooling characteristics of the 
V-1650-7 engine was conducted at the mACA Cleveland laboratory 
during the spring and summer of 1946, The coolant-flow distribu- 
tion, cylinder temperatures, azld the coolant and o i l  heat reJec- 
tione a t  several s t w ~ ; r p  4~ p ~ + q ~ @ f ~ ~  powpr $$ve$s f q v%;; are presented 4 '  P+P~T.U', i n  TZC, 
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reference 1 for a coolant mixture of 30-percent ethylene glycol and 
70-percent water. The investigation reported herein was conducted 
t o  determine the effect of varying the coolant conditions and the 
o i l  in le t  temperature on the cylinder temperatures and on the coolant 
and o i l  heat rejectione. Data were obtained a t  several coolant out- 
l e t  temperatures and several coolant outlet pressures for  a ramge of 
ooolant flows and for  a range of o i l  in le t  temperatures at each of 
three engine power conditions varying from normal rated t o  w a r  
emergency power. I n  addition, data were also obtained at several 
coolant outlet pressures for  a range of coolant flows a t  a conatant 
coolant outlet temperature and an engine power of 2000 brake horse- 
power. A mixture of 30-percent ethylene glycol and 70-percent 
water was used as the coolant for  t h i s  investigation. 

The investigation was conducted on a standard production 
model V-1650-7 ewine. This engine is equipped with a two-stage, 
two-speed supercharger having impeller diamgters of 12.0 and 
10.1 inches and gear ra t ios  of 5;802:1 and 7.349:l. The engine 
is equipped with a liquid-type afteroooler and a variable-spark 
mechanism, which is connected t o  the thrott le .  A more complete 
description of the engine is given i n  reference 1. 

The engine was mounted on the 3000-horsepower dynamameter 
stand i l lustrated i n  figure 1 and the engine coolant, oil,-and 
aftercooler coolant were supplied t o  it by means of the auxiliary 
systems ahown i n  figures 2, 3, and 4, respectively. These systems 
are also described i n  deta i l  i n  reference 1. The exhaust and 
combustion-air systems used were.the same as those described i n  
reference 1. 

A mixture of 30-percent ethylene glycol and 70-percent water 
with 0.2 percent by volwne of sodium mercaptobenzothiazcle (N~EIB'I)) 
added as a corrosion inhibitor was wed as the coolant, Navy 1120 
lubricating o i l  w a s  used for lubrication and AN-F-28, Amendment-2, 
fuel  was used for  cambustion, Knock-free engine operation was 
obtained a t  high powers byaadding 3 percent by volume of xylidines 
t o  the fuel  and Increasing the te-braethyl-led concentration t o  
6 mi l l i le ters  per gallon. 

Thermocouples were located i n  each cylinder between the 
exhaust valves, between the intake valves, i n  the center of the 
head, a t  the top of the cylinder barrel on the exhaust side, and 
on the exhaust spark-plug gasket. The imta l la t ion  of the thermo- 
couples on the engfne was the came as that  described i n  refer- 
ence 1 a$% i r s  shown i n  figures 5 and 6. *: 

i: 
>* 
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Cylinder temperaturee, and coolant and oil heat rejectionrj 
were determined for the engine powers and over the ranges of 
coolant conditions lieted in table I. At coolant outlet tempera- 
tures of approximately 250' and 275' F, a range of coolant flows 
frann approximately 50 to 200 gallons per minute and a range of 
oil inlet temperatures from approximately 1600 to about 2150 F 
were independently investigated for each of the following three 
power conditions: (1) normal rated; (2) take-off; and (3) war 
emergency. 

At a coolant outlet tamperatme of 250° F, a range of coolant 
 flow^ fram about SO to about 200 gallom per minute was also inves- 
tigated for an engine power condition of 2000 brake horsepower and 
3200 rp. For every variable coolant-flow run, data were taken at 
each of three coolant outlet pressuree. The manifold temperatures 
given by the manufacturer for the rated power (table I) were 
obtained by regulating the aftercooler coolant flow and temperature. 

For the entire investigation reported, the following condi- 
tions were maintained constant: 

. . . . . . . . . . . . . . .  Carburetor-air temperature ?I? 80 f 2 . . . . . . . . . . . .  Carburetor and exhaust pressure Atmospheric . . . . . . . . . . . . . . . . .  Supercharger setting Low blower . . . . . . . . . . . . . . . . .  Spark timing, deg B.T.C. 45 & 1 

The heat rejections to the coolant and the oil were determined 
from both the measured flow and the tempprature rise of the coolant 
and oil and from the measured flow azad temperature rise of the 
respective cooling waters. 

RESULT6 AJXD DISCUSSION 

Cylinder-Temperature Data 

The vWiation of the average and. the m;rucimwn cylinder-head 
temperature measured between the exhaust valves with coolant flow 
for several coolant outlet pressures aad power conditions, and 
two coolant outlet temperatures is presented in figures 7 and 8, 
respectively. The maximum temperature measured between the 
exhaust valves (fig. 8) is the highest temperature measured any- 
where on the cylirder for every set of engine and cooling condi- 
tions presented. The highest temperature measured was 678O F sod 
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it occurred a t  2000 brake horsepower for  a coolant flow of 52 gal- 
lons per minute, a coolant outlet temperature of 250° l?, a d  a 
coolant outlet pressure of 40 pounds per square inch, (see 
f ig .  8(d). ) The maximum temperatures are f roen  about 30° t o  70° F 
higher than the average temperatures. 

The variation of the average temperatures measured i n  the 
center of the heads, between the intake valves, on the exhaust 
apark-plug gaskets, and a t  the top of the barrels on the exhauet 
side for  the same conditions as the temperature data measured 
betyeen the exhaust valves is presented i n  figures 9, 10, 11, andl 
12, respectively. The average cylinder-head temperature measured 
i n  the center of heads (fig. 9) . i s  about 65O F lower than tkvrt 
between the exhaust valves (f ig.  7). The average temperature 
measured between the intake valves (fig. 10) is lower than that  
between the exhaust valves (approximately 900 F) or than that  i n  
the center of the head (approximately 2S0 F). The average spark- 
plug-gasket temperature (fig. 11) is about 55O F lower than that 
between the exhaust valves. The average temperature measured at 
the top of the barrels on the exhaust side (fig. 12) is consider- 
ably lower than that  measured i n  the other locations, ranging 
from approximately 260° to  330° F lower than the average tempera- 
ture between the exhaust valves for  the range of conditions 
investigated. 

Effect of coolant flow. - The effect of coolant flow on 
cylinder temperatures was s m a l l .  The maximum increase i n  the 
aierage temp&ture measured between the exhauat valves (fig. 7) 
was 1 3 O  F fo r  a decrease in coolant flow from 200 t o  50 gallons 
per minute. The ra te  of increase i n  temperature with dscreaee i n  
coolant flow was generally greater i n  the range of coolant flows 
from 100 t o  50 gallons per minute than in  the range from 200 t o  
100 gallone per minute. The greatest increase i n  temperature 
with decrease in  coolant flow from 100 t o  50 gallons per minute 
amounted t o  about 20° F i n  the maximum cylinder-head temperature 
(fig. 8). 

The increase i n  the average temperature measured i n  the center 
of the heads (fig. 9) w i t h  decreasing coolant flow is sl ightly 
greater at 2000 brake horsepower (about 24O F for a change i n  
flow from 200 t o  50 gal/min) than in the cylinder head between 
the exhaust valves. The effecte of coolant flow on the average 
temperature measured i n  the center of the heads and between the 
intake valves (fig. 10) are, however, generally similar t o  the 
effects of ooolant flow on the averwe temperature measured 
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between the exhaust valves, The effect  #of coolant flow on the 
average temperature of the exhaust spark-plug gasket (fig. 11) and 
on the average temperature measured at the top of the barrels 
(fig. 12) w a s  negligible. 

The lesser  effect of coolant flow i n  the flow range from 
200 t o  100 gallons per minute is partly due t o  the decrease i n  
average coolant temperature with decreased flow resulting from 
the approximately constant coolant heat rejection obtained when 
the coolant outlet temperature is  held constant and is also 
partly due t o  localized nuclear boiling of the coolant. 

The greater effect  of coolant flow i n  the flow range f r c a n  
100 t o  50 gallons per minute is the resul t  of a t ransi t ion from 
nuclear t o  film-type boiling wherein insulating vapors me  formed' 
resulting i n  a decreaae i n  the heat-transfer coefficient and a 
large increase i n  cylinder temperature. This transi t ion would be 
expected t o  be more pronounced i n  the hotter cylfnders and i n  the 
hotter region of each cylinder and would depend upon coolant 
conditions such as flow, pressure, temperature, and camposition. 

Effect of coolant outlet pressure. - Increasing the coolant 
outlet pressure generally caused an increase i n  the cylinder 
temperatures and presents evidence that  some boiling of the 
coolant occurred during t h i s  investigation, 

For a l l  conditions investigated, the effect of coolant outlet 
pressure was s m a l l ;  the maximum increase i n  average cylinder-head 
temperature meaaured between the exhaust valves (fig. 7) amounted 
t o  approximately 14' F for an increase i n  coolant outlet pressure of 
about 20 pounds per square inch. The effects on the average tem- 
perature measured i n  the center of the heads ( f ig .  9) and the 
average spark-plug-gasket temperature (fig. 11) were similar t o  
that  on the average temperature between the exhaust valves. The 
change i n  coolant outlet pressure had a sl ightly greater effect  
on the ma~rimum tamperatme measured between the exhaust valves 
(fig. 8) d a lesser  effect on the average temperature measured 
between the intake valves (fig. 10) than on the average tempera- 
ture measured between the exhaust valves. The effect  on the 
average temperature measured at the top of the barrels (fig. 12) 
was negligible. 

Effect of coolant outlet temperature. - The increase i n  the 
cylinder-head temperature measured between the exhaust valves 
(fig. 7) f a r  a c&e i n  coolant out1e.t; temperature fram 250° t o  
2750 F was generally 25O F. This effect was reduced at w a r  



emergency power (1670 t o  1700 bhp). The effects of coolant outlet 
temperature on the maximMl cylinder-head temperature (fig. 8), and 
the average temperatures measured i n  the center of the head (f Q. 9 ) ,  
between the intake valves (fig. lo) ,  and on the exhaust spark-plug 
gasket (fig. 11) are similar t o  those on the average temperature i n  
the cylinder head between the exhaust valves. The change i n  the 
average cylinder temperature measured a t  the top of the barrels 
( f ig ,  12) was about 20° F. 

Effect of engine power. - The increase i n  average cylinder- 
head temperature measured between the exhaust valves (fig. 7 )  with 
a change i n  the engine power condition fram approximately 1100 t o  
2000 brake horsepower generally amounted t o  about 75O F; the 
largest increase i n  the maximum cylinder-head temperature between 
the exhaust valves (fig. 8) amounted t o  about 1100 F ( f r m  566O 
t o  6780 F) for  the same change i n  engine power condition. The 
increases i n  the average temperatures measured i n  the center of the 
cylinder head (fig. 9)) between the intake valves (fig. lo ) ,  and 
on the exhaust spark-plug gaskets (fig. 11) were about 65', So0, 
and 70° F, respectively. This change in  engine power had no effect 
on the average temperature measured a t  the top of the barrels 
(fig. 12). 

Effect of o i l  in le t  temperature. - The variation of the average 
cylinder-head temperature measured be%ween the exhaust valves w i t h  
o i l  in le t  temperature is shown i n  figure 13 for  two coolant' outlet 
temperatures a t  each of three power conditions. The o i l  in le t  
temperature had no effect on the average cylinder-head temperature 
for  any of the conditions tested. The increase i n  average cylinder- 
head temperature caused by increasing the coolant outlet tempera- 
ture fram 250° t o  275O F was greater than'that noted fo r  figure 7 
and is due t o  increasing cylinder temperatures with engine running 
time, The effects of engine running time are discussed i n  the 
following section. 

Effect of engine running time. - During the course of this 
investigation and also that reported i n  reference 1, a continuous 
increase of the cylinder-head temperatures i n  certain locations 
with engine running time was noted. The variation of the average 
temperatures measured i n  various locations of the cylinders with 
engine running time is i l lustrated i n  figure 14. In  aq interval 
of about 100 hours running time, an increase of about 45O F i n  the 
average temperature of the cylinder heads between the exhaust valves 
and i n  the center of the heads is  noted, whereas no increase is 
noted for  the region between the intake valves or for  the exhaust 
spark-plug gasket. Inspection of the coolant passages of a 
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scrapped cylinder head showed extensive scale deposits i n  the center 
ard on the exhaust s ide of the head but none on the intake s i d s  of 
the head. This scale, i n  all probability, is  responsible f o r  the 
variations i n  cylinder-head temperature obtained with engine running 
time. Although the data  a re  not corrected t o  a reference engine 
running time, the trends indicated by the curves (f igs .  8 t o  13) a re  
correct (except as noted f o r  f i g .  13) because the data  showing the 
effects  of the d i f fe rent  variables were taken within a short  elapsed 
interval  of running time. 

Heat-Re jection Data 

The heat balance between the coolant and coolant-cooling water 
and the o i l  and oil-cooling water is shown i n  f igure 15; sat isfactory 
agreement is noted. The variations of the coolant and o i l  heat 
rejection8 with coolant flow fo r  two coolant out le t  temperatures 
and various values of engine power are  presented i n  figure 16. Both 
the coolant ernd the o i l  heat re ject ions a re  unaffected by coolant 
flow with the  exception of the rune at 2000 brake horsepower fo r  
which a decrease i n  the coolant heat re jec t ion  of about 700 Btu per 
minute occurred fo r  a decrease i n  coolant flow frm 200 t o  50 gallons 
per minute. This drop i n  coolant heat re jec t ion  is  probably the 
r e s u l t  of the increased resistance t o  heat t ranafer  attendant with 
the t r ans i t ion  from nuclear t o  f ilm-type boiling (previously discussed) 
i n  localized hot spots i n  the cylinder heads. An increase i n  the 
coolant out le t  temperature from 250° t o  275O F i n  general resul ted 
i n  a decrease of about 400 Btu per minute i n  the  coolant heat 
re ject ion,  which was accompanied by a corresponding increase i n  
the o i l  heat rejection. For a change i n  engine power from approxi- 
mately 1100 t o  2000 brake horsepower, the  coolant heat re jec t ion  
increased approximately 7000 Btu per minute (from about 18,000 t o  
about 25,000 ~ tu /min)  and the  o i l  heat re jec t ion  increaqed approxi- 
mately 2700 Btu per minute (from 2800 t o  about 5500' ~ tu /min) .  

The variat ion of the coolant and o i l  heat re ject ions with 
o i l  inlet temperature f o r  two coolant out le t  temperatures and 
several. engine powers is presented i n  figure 17. For an increaae 
i n  the o i l  i n l e t  temperature from 160° t o  210° F, a decrease of 
about 1000 Btu per minute i n  the o i l  heat re jec t ion  occurred i n  
every case and the coolant heat re jec t ion  remained unaffected. 

Inasmuch as a n  increase i n  cylinder-head temperature occurred 
with coolant out le t  pressure and engine running time as previously 
discussed, a corresponding decrease i n  coolant heat re jec t ion  
would be expected. The l imitat ions of the instrumentation did not, 
however, permit detection of any change i n  heat re jec t ion  with 
variable coolant out le t  pressure or with engine running time. 



SUMMARY OF RESULTS 

Ths results  of an investigation of the cooling characf;erietics - 
of the V-1650-7 engine conducted over a range of engine powers from 
1085 t o  2000 brake horsepower for  varioue coolant and o i l  conditions 
with a mixture of 30-percent ethylene glycol and. 70-percent water as 
the coolant, indicated that: 

1. The effect of coolant flow on the average cylinder tempera- 
tures was Ermall and varied from position t o  position i n  the cylinder, 
For a decrease i n  coolant flow from 200 t o  50 gallons per minute, 
the increaee i n  the average cylinder temperature ranged from grac- 
t ioal ly o0 F a t  the top of the cylinder barrel on the exhaust side 
t o  about 24' F i n  the center of the cylinder head. Both the coolant 
and o i l  heat rejections were unaffected by coolant flow for  a l l  
conditions except a t  2000 brake horsepower for  which a decrease i n  
the coolant heat rejection of about 700 Btu per minute occurred for 
a decrease i n  the coolant flow fram 200 t o  50 gallons per minute. ' 

2. The effect of coolant outlet pressure on the cylinder 
temperature was d l ;  the maximum increase i n  average cylinder- 
head temperature measured between the exhaust valves was 140 F 
for  an increase i n  pressure of 20 pounds per square inch. The 
coolant and o i l  heat rejections were apparently unaffected by 
variation i n  coolant outlet preesure fo r  all conditione investigated. 

3. For a change i n  coolant outlet temperature from 250° t o  275O F, 
the increase i n  the average cylinder-head temperature between the 
exhaust valves was generally 25O F. This effect w a s  reduced a t  w a r  
emergency engine power, The corresponding change i n  the coolant 
heat rejections for  the increase i n  coolan* outlet temperature fram 
2500 t o  2750 F amounted t o  a decrease of about 400 Btu per minute. 
I n  every case th i s  drop i n  coolant heat rejection resulted i n  a 
corresponding increaee of the o i l  heat rejection. 

4. An increase i n  th& o i l  in le t  temperature from 160° t o  210° F 
decreased the o i l  heat rejection about 1000 Btu per minute for a l l  
conditions tested but the cylinder-head temperatures and the coolant 
heat rejection remained unaffected. 

5. A change in  engine power condition frcmn about 1100 t o  2000 
brake horsepower r e u t e d  i n  increases i n  the cylinder temperatures 
ranging from practically o0 F at the top of the barrel on the 
exhaust side t o  about 110° F ( f r m  566O t o  6780 F) on the hottest 
cylinder i n  the region between the exhaust valves. For the same 
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increase i n  power, the coolant heat rejection increased 7000 Btu 
per minute (from about 18,000 t o  about 25,000 Btu/min) snd the o i l  
heat rejection increased 2700 Btu per minute (from about 2800 t o  
5500 Btu/min). 

6. The temperatures i n  the cylinder head between the exhaust 
valves and i n  the center of the c y l i d e r  heads were found t o  increase 
with engine running time. An increase of about 450 F i n  the average 
cylinder-head temperature for  these regions occurred over a period 
of engine running time of about 100 hours. 
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TABUI I - 8-Y OF TEST CONDITIONS 
t-' 
0 

' 

!?l National Advisory Camit tee 
f o r  Aeronautice o N 

O i l  inlet 
temper - 
ature 

(%I 

171 
171 

161-216 
158-215 

172 
172 

161-216 
160-216 

171 

171 

160-212 

158-215 
170 
170 

Coolant 
flow 
(gallmin) 

50-200 
49-202 

167 
167 

49-200 
51-206 

167 
167 

50-205 

76-202 

167 

167 
52-201 

200 

Meaeured 
engine 
power 
( b h ~  

1085 
1110 
1100 
1100 
1530 
1530 
1535 
1535 

1700 

1670 

1700 

1700 
2000 " 

I l l 0  

coolant' - 
out le t  
pree- 
ewe 
(lb/sq 
in*  43aee) 

20,30,40 
27,35,45 

35 
40 

20,30,40 
28,35,45 

35 
40 

22,30,40 

28,35,45 

35 

40 
20,30,40 

35 

Fuel- 
air 
r a t i o  

0.077 
.077 
.077 
.076 
.093 
.090 
.090 
.090 

.090 

.090 

.090 

,090 
.092 
.080 

Engine 
speed 
( r p )  

2700 
2700 
2700 
2700 
3000 
3000 
3000 
3000 

3000 

3000 

3000 

3000 
3200 
2700 

Power 
condition 

Normal ra ted  
No- ra ted  
normsS ra ted  
Norma3 rated 
Take-of f 
Take-of f 
Take-of f 
Take-off 
wax 

emergency 
War 

emergency 
W&r 

emergency 
War 

emergency 
High power 
N d  ra ted  

Mad- 
fo ld  
pres- 
e w e  
( in. 
Hi3 
abso- 
l u t e  ) 

46 
46 
46 
46 
61 
61 
61 
61 

67 

67 

67 

67 
78 
46 

Mani- 
fo ld  
tem- 
pera- 
ture 
(9) 

158 
136 
133 
140 
170 
170 
161 
165 

175 

175 

168 

175 
175 
190 

Coolant 
out le t  
temper- 
.a tme 
(OF) 

250 
275 
250 
275 
250 
275 
250 
275 

250 

275 

250 

275 
250 
245 



Figure I ,  - Engine mounted f o r  cooling invest igat ion.  
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Rese rvo i r tank 

Chip detector 

Cool  ing-water l i n e  

-& Pressure tap  

+ Copper-constantan thennocoupl e 

#- I ron-constantrn thermoccup l o  

Figure 3. - Schematic diagram of lubricat ing-oil system. 

( / -Ref ief  va lve  

Aftercooler u n i t  

Cool in@ jacket  

Thro t t l e  valve 

water l i n e  

&- Pressure t ap  
N A T I O N A L  A D V I S O R Y  

Copper-constantan thenocoupl  e C O M M I T T E E  F O R  A E R O N A U T I C S  

-@-'I ron-constantan thermocouple 

F igure 4. - Schematic diagram of aftercool ar-coolant system. 



N
A

C
A

 
R

M
 N

o
. 
€
7
1
0
2
 



N
A

C
A

 
RM

 N
o

. 
G
I
0
2
 



NACA RM No. €7102 

510 
( a )  Engine poser,  1085 t o  1110 brake horsepower; engine speed, 2700 rpm; 

manifold pressure ,  46 inches  mercury absolute ;  f u e l - a i r  r a t i o ,  
0.077; manifold temperature,  136' t o  158O F; o i l  i n l e t  temperature,  
171° F. 

580 

560 

540 

520 
( b )  Engine power, 1530 brake horsepower; engine speed, 3000 rpm; manifold 

prassure ,  61 inches  mercury absolute ;  f u e l - a i r  r a t i o ,  0.090 t o  
0.093; manifold temperature,  1700 F; o i l  i n l e t  temperature,  1720 F. 

590 

5 550 
rl ( c )  Engine power, 1670 t o  1700 brake horsepower; engine speed, 3000 rpm; 

manifold pressure ,  67 inches  mercury absolute ;  f u e l - a i r  r a t i o ,  
w hP, 0.090; manifold temperature,  175O F; o i l  i n l e t  temperature,  171° F. 

40 60 80 100 120 140 160 180 200 220 
Coolant flow, gal/min 

( d )  Engine power, 2000 brake horsepower; engine speed, 3200 rpm; manifold pressure  
78 inches  mercury absolute ;  f u e l - a i r  r a t i o ,  0.002; manifold temperature,  175' F; 
o i l  i n l e t  temperature, 1700 F. 

Fi  gure 7. - Vari  a t  ion o f  average cy l i nder-head temperature between ex- 
haust valves w i t h  coolant  f low f o r  several  power condit ions. 
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( a )  Englne power, 1085 t o  1110 brake horsepower; englne speed, 
2700 rpm; manifold pressure,  46 inches mercury absolute;  fue l -  
a i r  r a t i o ,  0.077; manifold tereperature, 1360 t o  1580 F; o i l  
i n l e t  temperature, 171° F. 

(b )  Engine power, 1530 brnke horsepower; engine speed, 3000 rpm; 
manifold pressure,  61 inches mercury absolute;  fue l - a i r  
r a t i c ,  0.090 to  0.093; manifold temperature, 170' F; o i l  
i n l e t  temperatiu'e, 172O P. 

4 
( c )  Engine power, 1670 t o  1700 brakc horsepower; engine speed, 3000 rpm; 

nani fo ld  gressure,  67 inches mercury absolute;  fue l - a i r  r a t i o  
ui 
Zi 

0.090; manifold tenperature,  175O F; o i l  i n l e t  temperature, 1410 F. 

690 

670 

650 

630 
40 60 80 100 120 140 160 180 200 220 

Coolant flow, gal/min 
(d )  Engine power, 2000 brake horsepower; engine speed, 3200 rpm; 

marlifold pressure,  78 inches mercury absolute;  fue l - a i r  
r a t i o ,  0.092; manifold temperature, 175O F; o i l  i n l e t  tempera- 
ture ,  1700 F. 

Fi  gure 8. - Var i a t  ion of maximum cy l  i nder- head temperature between sx- 
haust valves w i t h  coolant  flow f o r  several  power condit ions. 
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(u) Engi?e power, 1530 brake horsepower; engine speed, 3000 rpm; manifold 
pressure,  61 inches mercury absolute;  fue l - a i r  r a t i o ,  0.090 t o  
0.093; manifold temperature, 170° F; o i l  i n l e t  temperature, 17Z0 F. 

480 
( c )  Engine poser, 1670 to  1700 brake horsepower; engine speed, 3000 rpm; 

manifold pressure,  67 inches mercury absolute ;  fue l - a i r  r a t i o ,  
0.090; maqifold temperature, 175' F; o i l  i n l e t  temperaturq 171° F. 

Coolant flow, gal/min t 

(d )  Engine power, 2000 brake horsepower; engine speed, 3200 rpm; manifold pressure,  
78 inches mercury absolute;  fue l - a i r  r a t i o ,  0.092; manifold temperature, 1750 F; 
o i l  i n l z t  temperature, 1700 F. 

Figure 9. - Var ia t ion  o f  average temperature i n  center  o f  cy l inder  head 
w i th  coolant f low f o r  several power conditions, 



470 

450 

430 
( a )  Engine power, 1085 t o  111a brake horsepower; engine speed, 2700 rpm; 

manifold pressure ,  46 inches  mercury abso lu t e ;  fue l - a i r  r a t i o ,  
cr '3.077; m a i f o l d  temperature,  136O t o  15S0 F; o i l  i n l e t  temperature,  

171° F. 

490 

460 

440 
( b )  Engine power, 1533 brake horsepower; engine speed, 3000 rpm; manifold 

pcessure,  6 1  inches  mercury absolute ;  f u e l - a i r  r a t i o ,  0.090 t o  
0.093; manifold tenpera tuse ,  170° F; o i l  i n l e t  temperature, 172O F. 

- -  ~ 

0 
IX) 

( c )  Engine power, 1670 t o  1730 brnke horsepower; engine speed, 3000 rpm; 
manifold r e s s u r e ,  67 inches  mercury absolute ;  f u e l - a i r  r a t i o ,  0.080; 

& manifold tempernture, 175' F; o i l  i n l e t  temperature,  171' P. %! 

40 60 80 loo 120 140 160 lao zoo 220 
Coolant f low, gal/min 

( d l  Engine povder, 2000 brake horseposcr ;  engine speed, 3200 rpm; can i fo ld  pressure ,  
73 inches  mercury absolute ;  f u e l - s i r  r a t i o ,  0.092; manifold temperature.  17j0 F; 
o i l  i n l e t  temperature,  1700 F. 

Figure 10. - Var ia t  ion o f  average cy l inder-head temperature between the  
intake valves w i t h  coolant flow f o r  several  power condit ions. 
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N A T I O N A L  A D V I S O R Y  
C O M M I T T E E  FOR A E R O N A U T I C S  

490 

470 

450 
( a )  Engine power, 1005 t o  1110 brake horsepower; engine speed, 2700 rpm; 

manifold pressure ,  46 inches  mercury absolute ;  f u e l - a i r  r a t i o ,  
0.077; manifold temperature,  1360 t o  1580 F; o i l  i n l e t  temperature, 
171° F. 

470 - 
(bl Engine power, 1530 brake horsepower; engine speed, 3000 rpm; manifold 

pressure ,  61 inches  mercury absolute ;  f u e l - a i r  r a t i o ,  0.090 t o  0.093; 
manifold temperature,  170° F; o i l  i n l e t  temperature,  172' F. 

( c )  Engine power, 1670 to  1700 brake horsepovrer; e n ~ i n e  speed, 3300 rpm; 
ma?ir"old pressure ,  67 inches  mercury absolute ;  fue l - a i r  r a t i o ,  
0.090; mmi fo ld  temperature, 175' F; o i l  i n l e t  temperature, 171' F. 

40 '60 00 100 120 140 160 180 200 220 

Coolant flow, gal/min 

( d )  Ensine power, 2000 brake horsepower; engine speed, 3200 rpm; manifold pressure ,  
78 inches mercury absolute ;  f u e l - e i r  r a t i o ,  0.092; manifold t e rqe ra tu re ,  17S0 F; 
o i l  i n l e t  temperature, 170° F. 

Figure  I  I .  - V a r i a t i o n  o f  average temperature o f  exhaust spark-plug gas- 
k e t  w i t h  coo lant  f low f o r  severa l  power cond i t ions .  
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k 

d 260 
r )  ( b )  Engine power, 1530 brake horsepower; engine speed, 3000 rpm; manifold 
d pressure, 61 inches mercury absolute; fue l -a i r  r a t i o ,  0.090 t o  6 0.093; manifold temperature, 170° F; o i l  i n l e t  temperatwe, 1720 F. 
c4 
o 300 
n 
u 

( c )  Engine power, 1670 t o  1700 brake horsepower; engine speed, 3000 rpm; 
manifold pressure, 67 inches mercury absorute; f u e l - a i r  r a t i o ,  
0.090; manifold temperature, 175' F; o i l  i n l e t  temperatare, 171' F. 

40 60 80 100 120 140 160 180 200 , 2 2 0  
Coolant flow, gal/min 

( d )  Engine power, 2000 brake horsepower;. engine speed, 3200 rpm; manifold pressure, 
78 inches mercury absolute; fue l -a i r  r a t i o ,  0.092; manifold temperature, 1750 F; 
o i l  i n l e t  temperature, 170° F. 

Figure 12. - V a r i a t i o n  o f  average temperature  a t  t o p  o f  cyl  i n d e r  b a r r e l  
on exhaust s i d e  w i t h  cool an t  f l o w  f o r  severa l  power condi t ions.  
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Figure I 
brake 
rat,  i o, 
temper 

Engine running time, hr 
4. - Var ia t ion  o f  average cy l inder  temperatures wi th  engine running time. Engine power, I 
horsepower; engine speed, 2700 rpm; man i f o l d  pressure, 46 inches mercury absolute; fue l -a i  

0.080; manifold temperature, 190' F; coolant f low,  200 ga l lons  per  minute; coolant o u t l e t  
.attire, 245O F; block-out l e t  pressure, 35 pounds per square inch gage. 
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0 4,000 8,000 12,000 160000 20,000 24,000 
Heat rejection (cooling-water basis ) , Btu/min 

Figure 15. - Heat  balance between coo lan t  an.d coo lan t -coo l ing  water and 
o i l  and o i  I-cool ing water. 
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40 80 120 160 200 
Coolant flow, gal/min 

- V a r i a t i o n  o f  coo lant  and o i l  hea t  r e j e c t i o n s  w i t h  coolant 
f low.  O i l  i n l e t  temperature, 170' t o  172' F. 
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v- - -  

(a) Coolant o u t l e t  temperature,  250° I?; coolant o u t l e t  pressur  

150 160 170 18 0 190 200 210 220 
O i l  i n l e t  temperature,  OF 

(b) Coolant o u t l e t  temperature,  2750 F; coolant  o u t l e t  pressure ,  
40 pounds per  square i n c h  gage. 

Figure 17. - V a r i a t i o n  o f  coolant  and o i l  heat r e j e c t i o n s  w i t h  o i l  i n l e t  
temperature.  Coo l a n t  f low, 167 gai  l  ons per  minute. 




