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CALCULATED CONDENSER PERFO:BMANJE FOR A STEAM-TUBBINE 

:row.I!:R PLANT FOR AIRCRAF!' 

By Leroy V. Humbl.e1 and Ronald. B. Doyl.e 

As :part of an investigation of' the application of nuclear 
energy to aircraf't, calculations have been mad.e to determine the 
effect of' several. operating conditions on the :perf'ormance of' 
cond.enaers f'or steam-turbine power plants. The ana. lysis covered. 
a range of' turbine-inl.et pressures f'rom 1.000 to 1800 pounds :per 
square inch absolute and turbine-outlet pressures f'rom 10 to 
200 pounds :per square inch absolute f'or various condenser cooling­
air pressure d.roiJs, f'ligbt s:peed.s, and al.titu.des. Some calcula­
tions were ma.d.e to d.etermine the advisabill ty of using a cooling 
f'an in conjunction with the steam condenser. 

A rough estimate of' the total. :power-plant weight including 
propeller but excluding reactor is included. along with val.ues of 
the ratio of disi>osable load. (l.oad-carrying ca:pa..city) to airplane 
gross weight f'or a steam-turbine-powered aircraf't at one set of' 
turbine operating cOi:id.it:ions and two f'l:ight condit:ions. 

At a turbine-inl.et pressure of 1.400 pounds :per square inch 
absolute end a turbine-inlet temperature of ssso F 1 the min:imum 
specif'ic condenser weight was 257 pounds per 1000 net thrust 
horsepower and. the m:lnimum s:pecif'ic condenser f'rontal area was 
1.6. 7 square f'eet :per 1000 net thrust horsepover. These val.ues 
occurred. at a turbine-outlet pressure of' 100 pounds IJer square 
inch absolute, a f'llgb.t speed of' 500 miles per hour, and an 
altitud.e of about 15 1 000 f'eet. 

mrRODUCTION 

One :possible method of application of nucl.ear energy to aircraft 
:proiJulsian i.e the use of' a nuclear reactor as the beat source in a 
steam-turbine power plant. Asid.e from reactor considera tiona 1 the 
condenser, due to ita excesslve size and internal drag :power, presents 
an important problem in the use of' such a system. 
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The results of an analysis to determine the effect of steam-cycle 
operating conditions, cool.ing-e.ir pressure drop, e.l.titude, a.nd fl.ight 
speed on the frontal. area, weight 1 and ·internal. drag of the co:o:ienaer 
are reported. The analysis covers a range of turbine-inlet pressures 1 
turbine-outl.et pressures, cool.ing-a.ir pressure drops, e.l.titudes 1 and 
flight speeds~ 

An estimate of the total. power-plant weight, excl.uding the 
weight of the nuclear reactor, wa.s ma.d.e for one set of turbine 
operating conditions and two fl.ight conditions and was used to cal­
cul.a.te the percentage of the gross weight of the airpl.e.ne that woul.d 
be ave.il.abl.e for carrying the reactor and cargo. 

Condenser computations were based on an e.l.um.inum heat exchanger 
of the aircraft fin-end-tube type. Heat-dissipation rates and some 
cool.ing-e.ir pressure-drop data were obtained fran charts suppl.ied 
by the heat-exchanger me.nufaotvrer • 

.MEI'HODS OF ANALYSIS 

The power plant was considered to consist of a nucl.ear-reactor 
boiler 1 a steam turbine 1 an e.ir-cool.ed condenser 1 and the necessary 
pumps 1 val. ves, and piping. The boiler feed pump was assumed to be 
driven directl.y by the turbine and the net shaft power del.ivered to 
a propeller. 

Calculations were made to deter.mine the effect of steam-cycle 
operating conditions, ratio of cool.ing-air static-pressure drop to 
canpressibl.e dvnmn1c pressure (Ap/q), altitude, and fl.ight speed 
on condenser size and internal. drag power. Some additional. ce.l.cu­
l.ationa were made to determine the effect of a cool.ing fan on 
condenser performance. 

Ce.l.cul.ativna were made for two fl.ight conditions to determine 
what percentage of the gross weight of a steam-turbine-powered air­
pl.ane would be ave.ilabl.e for disposabl.e l.oe.d, that is, for the 
nuclear reactor and cargo. 

The cal.cul.ationa covered a range of turbine-outl.et pressures 
from 1.0 to 200 pounds per square inch absol.ute and a range of 
Ap/q from 0.1.0 to 0.60 at turbine-inlet pressures of 1.000 1 14001 
and 1800 pounds per square inch absol.ute for a fl.ight speed of 
!?00 mil.es per hour a.nd an al.titude of 30 1 000 feet. For each can­
bine.tion of turbine-inlet and turbine-outlet pressure, a turbine­
inlet temperature was selected that would give saturated steam 
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(~00-percent quall.ty) at the turbine outl.et. A range of' f'l..igb.t 
speeds f'rom l.OO to 500 mi1es per hour was investigated at al.titudes 
of' sea-l.evel.., 1..5 1 000 1 and 30 1 000 feet f'or turbine-inl.et and turbine­
outl.et pressures of' 1..400 and l.OO po1.1Dds per square inch absol.ute, 
respectiveJ.y. 

For al.l. calculations except those invol.~ :power-plant-weight 
estimates, the steam rate was adjusted to give 1.000 net Bhaf't horse­
power from the turbine vi th an adiabatic efficiency of' 85 percent. 
The 1.000 horsepower was then su:ppl..ied to a :propeller having an 
efficiency of' 85 percent. 

Condenser cal.cul.ations were based on an aircraft fin-and-tube­
type heat exchanger manufactured by Harrison Radiator Division, 
General. l-btors Corporation having e. core weight, including tube 
headers but excluding inlet and outlet steam tanks, of 15.4 pounds 
per square foot of core :frontal. area. Several core configurations 
for the fin-and-tube-ty:pe construction were investigated and the 
exchanger with the core structure, shown schematically in figure 1, 
was found to give the best performance. Heat-dissipation rates 
were determined from charta supplied by the heat-exchanger manu­
facturer. Cooling-air pressure drops were detennined from the 
ma.nu:f'acturer 1 s charts modified to account f'or the ef'f'ects of alti­
tude and higher beat loading • 

For a given heat rejection to the codling air by the condenser 
and cool.ing-air pressure drop, the required condenser frontal. area 
and weight and. the weight fl.ow of cooling air were d.etermined from 
the modified charts. The internal. drag power of the condenser was 
then cal.cul.ated from the change in momentum of the cool.ing air. 
The net thrust power was taken as the algebraic difference between 
the propeller thrust power (product of turbine power and propeller 
efficiency) and the internal. drag power of' the condenser. Specific 
condenser weight and frontal. area were then computed fran the net 
thrust power and the weight ani frontal. area of' the condenser. 

The calculations of disposable load, which were based on 
5000 net Shaft horsepower from the turbine, invol.ved the deter­
mination of' the nacelle drSB power and an estimation of the total. 
power-pl.ant weight including propeller, engine mountings, air 
ducting, and control.s. A l.ift-to-drag ratio of 1.8 f'or the air­
pl.ane without nacelles and a ratio of' structural. weight to gross 
weigb,t of 0.4 were assumed. One calculation was made assuming the 
condenser to be so instal.l.ed in the wings that no condenser external. 
drag was involved and another cal..cuJ.ation was made far the condenser 
enclosed in a nacelle. 
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Arm3 standard air ( 99° F at sea level) was used for all. calcu­
lations. Details of the calculations are presented 1n the appendix. 

RESULTS AND DISCU38ION 

Steam-cycle performance. - The effect of turbine-outlet pres­
sure on cycle efficiency, steam rate, turbine-inlet temperature, 
reactor-heat input 1 heat rejected by condenser 1 ani tm-bine-outlet 
temperature is shown in figure 2 for a net turbine horsepower of 
1000 and a turbine efficiency of 85 percent at turbine-inlet pres­
sures of 10001 1400, and 1800 pounds per square inch absolute. 
Turbine-inlet temperatures were selected to give saturated steam 
of 100-percent quality at the turbine outlet. 

As the outlet pressure increases and the inlet pressure decreases, 
the cyc·le efficiency decreases; the steam rate 1 the reactor-heat input., 
and the condenser heat rejection increase. The increases 1n reactor­
heat 1nput arxi. coDienser heat rejection are due to the decrease in 
cycle efficiency and the attendant increases in steam rate required 
to m.ai:ritain constant turbine output. 

Effect of tm-b1ne-out1et pressure on condenser performance. 
The effect of turbine-outlet pressure on net thrust power 1 condenser 
weight and frontal area, specific coDienser weight (lb/1000 net 
thrust hp) , and specific condenser frontal area ( sq ft/1000 net 
thrust hp) is Shown in figure 3 for turbine-inlet pressures of 
10001 1400, and 1800 pounds per square inch absolute, values of 
Ap/q of 0.20 1 0.40 1 and o.so, and 1000 turbine horsepower. 

As the outlet pressure is increased fran its m1n:tmum. value of 
10 pouDis per square inch, the condenser weight and frontal area 
show an initial decrease followed by an increase, with the minimum 
values occurring at an outlet pressure of about 40 pounds per square 
inch absolute. The condenser frontal area and weight are directly 
proportional to the heat to be removed by the condenser ~ and 
inversely proportional to the initial temperature difference AT1 
between the comensing steam and the entering cooling air. In the 
low outlet-pressm-e rane;e, ATi increases more rapidly than ~; 
hence, there is an initial decrease in coDienser area. Above an 
outlet pressure of about 40 pouDis per Sf!uare inch absolute, however, 
~ increases more rapidly than ATi and the area must also increase. 
The required frontal area decreases with increasing inlet pressure 
owing to the attendant decrease in heat rejection. (See fig. 2.) 
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The net thrust power increases with outlet pressure for most 
combinations of inlet pressure and llp/q. The exceptions are at a 
Ap/q of 0.60 at inlet pressures of 1000 and 1400 pounds per square 
inch absolute where the net thrust power reaches a max~um value 
and then decreases as the outlet pressure is further increased fran 
its m1n1mmn value. (See fig. 3(c).) The changes in net thrust 
power are due to the combined effects of increased steam tempera­
ture and heat rejection on the cooling-air flow and temperature 
rise and hence on internal drag power (Meredith effect). 

Net thrust power increases with increas1ng turbine-inlet pres­
sure except at high turbine-outlet pressures for a !lp/q of 0.20. 
(See fig. 3(a).) At constant outlet pressure, and. hence constant 
outlet steam temperature, a decrease in inlet pressure increases 
the heat rejection and thus increases the required condenser size 
and total cooling-air now. For most cases, this result means an 
increase in internal drag power with a consequent decrease in net 
thrust power. At a Ap/q of 0.20 and high outlet pressures, 
however, the cooienser has negative internal. drag (thrust) and the 
increase in cooling-air flow resulting from the decreased turbine­
inlet pressure increases this thrust and hence the net power. It 
may be noted that the propeller thrust horsepower is 850 
(0.85 x 1000), and therefore condenser thrust and drag powers are 
the difference between values of net thrust power from the data 
figures and 850; positive values of' the difference indicate thrust 
and negative values indicate drag. 

Specifi~ condenser weight and specific condenser frontal area 
have a mi~um point at turbine-outlet pressures between approxi­
mately 30 and 100 pounds per square inch absolute for the range of 
inlet pressures and llp/q investigated. Mi~um specific weights 
and. areas occur at the max~um inlet pressure. 

Although low turbine-outlet pressures are generally considered 
desirable in steam work as far as efficiency is concernad, in an 
aircraft installation low outlet pressures with the attendant low 
steam temperatures (low initial temperature differences ATi) 
result in excessive condenser size~ The decreas~ in steam-cycle 
efficiency attending operation at high outlet pressures is partly 
compensated for in aircraft installations by the decreased internal. 
drag or, for some caees 1 by the increased thrust developed by the 
condenser as a result of the greater heat dissipation. Furthermore, 
operation at high outlet pressures would be advantageous fran the 
consideration of decreased turbine weight. 



6 - ... -...... _ ____ ...,_ ,_.._ . - __ ..... _ NACA RM No. E? JOl 

Ef'fect of cool.ing-air pressure drop on condenser performance. -
The variation of net thrust power, condenser weight and frontal. area 1 
and specific ooDienser weight and frontal. area with Ap/q is 
shown in figure 4 (a cross-pl.ot of fig. 3) for turbine-inlet pres­
sures of 1.000 1 1.400, and 1.800 pounds per square inoh absol.ute and 
a turbine-outl.et preQsure of 1.00 pounds per square 1noh absol.ute. 

The condenser weight and frontal. area decrease with increasing 
b.p/q inaamuoh as the required area is l.ess at the higher pressure 
drops. The net thrust horsepower al.so decreases with increasing 
b.p/ q due to the increase in internal. drag power. 

The specific condenser weight ani :frontal. area have minimum 
values at a Ap/q of about 0.30 at al.l. turbine-inlet pressures for 
the fl.ight speed and altitude shown. The values of b.p/q corre­
sponding to m:ln1mum val.ues of specific coDienser weight and frontal. 
area vary somewhat with fl.ight speed and al.titude, as will be seen 
in a subsequent figure. 

Effect of turbine-inl.et temperature on condenser performance. -
The variation of net thrust power, condenser weight and frontal. area, 
and specific condenser weight and frontal. area with turbine-inlet tempera­
ture is shown 1n figure 5. The curves are for a turbine-inlet pres-
sure .of 1.400 pounds per square inc~ abaol.ute, a turbine-outl.et pres-
sure of 1.00 pounds per square inch abaol.ute, a b.p/q of 0.30, and a 
turbine horsepower of 1.000. A l.ine a-b is drawn through a tempera-
ture of 866° F, the turbine-inlet temperature that will give satu-
rated steam (1.00-percent qual.ity) at the turbine outl.et for the 
turbine-inl.et and turbine-outl.et pressures considered. AnY tempera-
ture above 866° F wil.l. result 1n superheated steam at the turbine 
outl.et. 

Superheating to turbins-inl.et temperatures higher than those 
required to give saturated steam at the turbine outl.et results in 
an increase in steam-cycl.e efficiency and in work avail.abl:e per 
pound of steam with the reaul.t that for constant turbine horse­
power the steam fl. ow is decreased. Al. thoush the heat rejected by 
the condenser per pound of steam increases, the total. heat that 
must be removed by the coDienaer is decreased. Al.so, the higher 
turbine-outl.et {condenser-inlet) steam temperature increases the 
initial temperature difference between the steam and the cool.ing 
air. The reduced heat rejection and the higher initial. temperature 
difference act to decrease the condenser :frontal. area and weight. 
The foregoing effects are offset to same extent by the fact that 
the heat-transfer coefficient far cool.ing superheated steam is con­
eiderabl.y small.er than for condensing steam with the result that 

. -·- -- --- .. 
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the surface area e.nd;, hence 1 frontal. area required for oool.ing the 
steam is proportionately J.a.rger. A reduction in specific coDdenser 
weight and frontal. area of' about 8 percent is obtained by increasing 
the turbine-inl.et temperature fran 866° to 1.600° F. 

These resul.ts were obtained assuming the same exchanger core 
structure to be used f'or the cool.ing as for the condensing process. 
A somewhat greater reduction in specif'ic condenser frontal. area 
and a sl.ightl.y greater reduction in specific condenser weight with 
increasing turbine-inl.et temperature may possibly be obtained by 
using an e:xcha:oger specifical.ly designed for the steam-cool.ing 
process. · 

Effect of fl.ight speed and a.J.titude on condenser performance. -
The effect of :fl.ight speed on net thrust horsepower, specific con­
denser weight 1 BJJd specific condenser frontal. area for various 
cor.denser weights and frontal. areas at a.J.titudes of sea-l.evel.1 
l.s,ooo, and 301 000 feet is shown in figure 6. The turbine-inl.et 
pressure is 1.400 pounds per square inch absol.ute, the turbine­
outl.et pressure is 1.00 pouins per square inch absol.ute, the 
turbine-inl.et temperature is 866° F, and the turbine horsepower 
is 'l.OOO. Also shown on these curves are l.ines of constant Apfq. 
The l.ines of required -pressure drop equal. to ma:,r1m:um. avail.abl.e 
pressure drop mark the l.~ting fl.ight speeds bel.ow which the 
condensers wil.l. not dissipate the required amount of heat. 

In general., for constant al.titud.e and coDienser weight and 
frontal. area 1 the net thrust power increases and the specific 
condenser weight and frontal. area decrease with increasing fl.ight 
speed. The effect of fl.ight speed decreases as the al.titude decreases 
and at sea l.evel. the curves for net thrust power and specific weight 
and !'rental. area are rel.atively insensitive to changes in fl.ight 
speed. The highest net thrust pawers are obtained with the l.argest 
conienser·s at al.l. al.titudes because the required pressure drops 
and, hence, the internal drag power l.osses are l.ess. The comenser 
weight and ·frontal. area i'or minimum. specific weight and frontal. 
area increases slightly with increasing al.titud.e; however,. the 
1.3.0-square-foot condenser is approximately the opt1lllum., on the 
basis of' specific weight, for the range of al.titudes and fl.ight 
speeds investigated. The curve for the 9. 7-square-foot condenser 
was omitted from. figure 6(c) (a.J.titud.e, 30 1 000 ft) because of the 
extremel.y high specific condenser weight and specific frontal. area. 

Figure 6 shows 1 as previously mentioned 1 that the val.ues of 
Ap/ q correspoDiing to minimum va.J.ues of specific cor.denser weight 
and frontal. area vary with fl.ight speed and al.titude. For constant 

•• -:"'ii'";l .. .;;.a' ... , 
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altitude, the value of Ap/q correspoJJding to m:tn1mum specific con­
denser weight and :frontal area tez:ds to increase as flight speed is 
decreased. Cam.parison of :figures 6(a) 1 6(b), and 6(c) shows that 
for constant :flight speed the value of' Ap/q for mindmum specific 
weight &Dd area increases as the altitude is increased. 

The variation of' net thrust horsepower with flight speed and 
altitude :for the condenser we:lgh1ng 200 poUDis and having a frontal. 
area of 13.0 square feet is sho1m. as a three-dimensional plot in 
figure 7. The line a-b indicates the canbinations of' altitude 
aod fiigb.t speed :for which the required pressure drop equals the 
maximum availabl.e pressure drop. At sea level, the m:ln1mum speed 
is about 185 miles per hour; the power plant would therefore have 
to be operated partly nonooDiensiDg in take-off' until. this min:lmum 
speed is reached. 

The maximum point on the surf'aoe c-d-e-f indicates the speed 
8.Ild. aJ.titud.e at whioh me:x:imum net thrust power and hence 1 m:Jn:lmum 
specific weight and minimum specific frontal area occur. A m:tn:Jmum 
specific weight of 257 pounds and a minimum specific frontal. area 
of 16.7 square :feet occur at an altitude of about 15,000 feet and 
a flight speed of' 500 mil.es per hour. This frontal area is large 
compared to that required for a radiator for a conventional liquid­
cooled airora:ft engine (about 1.5 sq ft/1000 hp). 

Effect of cooling fan on ooD:ienser performance. - The effect 
of' a cooling :fan on coDienser performance is shown in figure 8 
where net thrust horsepower 1 specific coDienser weight 1 and specific 
condenser frontal. area are plotted against AP:r/q (ratio of total. 
pressure rise across the fan to campressibl.e dynamic pressure at 
the assumed altitude 8Di speed) for various condenser weights and 
frontal. areas at a fl.ight speed of' 500 mil.es per hour and an al ti­
tude of 30 1 000 :feet. The l.ine llPt:/q = 0 represents the case 
where no fan is used. 

For &aoh of' the condensers considered, the net thrust power 
has a :ms.ximum. value and the specific condenser weight and area 
have m:ln:fmum values when llP:r/q is between 0.5 am 1..0. The 
curves indicate only a smaJ..l. improvement in performance by the 
addition of' a fan except for the 9.7-square-foot condenser. 
Al.though the improvement in performance of this condenser is l.arge, 
its best perf'or.mance is considerably poorer than the larger con­
densers with no fan. 

. ........ .- ... _ ... -· 
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The effect of a fan on condenser ~erfor.mance is shown in fig­
ure 9 for a l9.5-square-foot condenser at three altitudes at a 
flight s~eed of 500 mil.es ~er hour a.nd. at an altitude of 30,000 feet 
and a flight speed of 300 mil.es 'Per hour. Figure 9 shows that the 
improvements in 'Performance obtaina.ble with a coolins fan are even 
smaller at the lower altitudes and only slightly sreater at the 
lower flight s~ed. 

The maximum decrease in specific weight and specific frontal 
area of the condenser with the most effective size (13.0 sq ft) 
that can be obtained by use of a fan is about ll percent. 
(See fig. a.) In view of the small gains in conde~er perfor.mance, 
the additional weight of the fan, and the cam'Plexities of the 
inStallation, a fan is ~obably undesirable f"or this tne of" 
system. 

Effect of turbine-outlet pressure on over-all efficiency. -
The variation of over-all efficiency, def"ined as the dimensionless 
ratio of net thrust 'POWer minus nacelle drfl8 -power to reactor-heat 
in-put, is probably of sreater importance than the previously dis­
cussed variation of specific condenser weight and frontal area. 
If the reactor weight is the principal consideration, then with 
the reactor operating at its maximum heat-release rate, maximum 
net thrust };lower per unit ·weight of the system will be obtained 
at maximum over-all efficiency. 

The effect of turbine-outlet pressure on over-all efficiency 
is shown in figure lO for various turbine-inlet pressures and 
values of" Apjq. The over-all efficiency decreases with increasing 
outlet ~assure except at high values of t::.p/q, where it has a 
maximum at outlet pressures between 40 and 80 pounds };ler square 
inch absolute. As };lreviously mentioned, the most effective 
operating outlet };lr&Ssure from considerations of specific con­
denser weight and frontal area is between approximately 30 and 
lOO pounds per square inch. absolute. (See fig. 3.) The curves 
of over-all eff"iciency and specific condenser weight and frontal 
area at values of t::.pfq of 0.20 and 0.40 are relatively flat in 
this region of" turbine-outlet J;Jressure; hence, it a'Ppears that the 
most desirable operating conditions from considerations of optimum 
utilization of the reactor ~ occur close to the optimum O'P&rating 
conditions for the condenser. 

Because of" the relative effects of condenser internal and 
external drfl8, the over-all efficiency (at constant values of 
turbine-inlet and turbine-outlet conditions) passes through a 
maximum at some value of t::.J;J/q, which depends on flight speed 
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and altitude. For the flight conditions shown~ the maximum values 
of over-all efficiency occur at a value of Ap/q of about 0.20 for 
all turbine-inlet and turbine-outlet pressures. 

Power-plant-weight estimates. - Weight estimates indicate that 
for a turbina operating at an inlet pressure of: 1400 pounis per 
square inch absolute, an outlet pressure of 100 pounds per square 
inch absolute, an inlet temperature of 866° F, and a power output 
of 5000 horsepower the total power-plant weight including propeller 
but excluding reactor and working flui~ would be 5460 pounds at a 
flight speed of: 500 miles per hour and an altitude of 30 1 000 feet. 
(See the appemix for a tisoussion of: the weight breakdown.) This 
weight would correspond to specific weights of 1.09 pounds per 
turbine horsepower, 1.59 pounds per net thrust horsepower with the 
condenser submerged in the wings {no external nacelle drag), and 
2.55 pounds per net thrust horsepower with the condenser in a 
nacelle. At a f:light speed o:e 300 miles IJer hour and an altitude 
pf 151 000 feet, the power-IJlant weight would be 5870 pounis 
(owing to a heavier propeller) and the corresponding siJecif:ic 
weights would be 1.17, 1.74, and 1.97 pounds per horsepower, 
respectively. 

For the condenser enclosed i.n a nacelle, the ratio of dispos­
able load to gross weight of: the· airplane woul~ be 0.41 f:or a 
flight speed of 500 miles per hour and an altitude of: 30,000 feet. 
If' the condenser could be so install~ in the wings as to eliminate 
external drag, this value co~ be raised to 0.48. In other words, 
a weight-carrying capacity equal to 41 to 48 percent of the gross 
weight of the airplane would be available for a nuclear reactor, 
working fluid, and cargoj or conversely, the gross weight of an 
airplane with a nuclear-energy steam-turbine power plant would be 

about 2 to~ times the weight of the reactor, working f:luid,and 
cargo. · 

For the same condenser and operating conditions but at a flight 
speed of 300 miles per hour and an altitude of' 15,000 :f'eet, the 
values of' the ratio of' disposable load to gr-oss weight f:or· the oases 
of' the condenser in a nacelle and the condenser submerge~ would be 
0.51 and 0.52, respectively. 

SUMMARY OF RESULTS 

The results of' calculations of' the performance of condensers 
for a nuclear-energy steam-turbine power plant :f'or aircraft may be 
summ.arized as follows: 

- -:::1: I .. "I~ • -
-""' .- .. - L. ~ l !P= r 
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l. Minimum specific cond.enser weights and specif'ic frontaJ. 
areas occurred at turbine-outlet pressures between approx~tely 
:SO and. 100 pounds -per square inch absolute f'or inlet -pressures 

ll 

of' 1000, 1400, and 1800 pounis per square inch absolute and cooling­
air pressure dro-ps of' 20 to 60 percent of' the compressible dynamic 
pressure. 

2. A't a turbine-inlet pressure of 1400 -pounds per square inch 
absolute and a turbine-inlet temperature of 866° F, the minimum 
specific condenser weight was 257 pounds per 1000 net thrust horse­
power and. the minimum specific condenser frontal area was l6 ~ 7 square 
feet -per 1000 net thrust horse-power. These values occurred at a 
turbine-outlet pressure of 100 pounds per square inch absolute, a 
flight speed of 500 miles -per hour, and. an altitude of about 
1.51 000 f'eet. 

3. Rel.ati vel.y emall. im.provem.ent in condenser performance can 
be obtained by increasing the turbine-inlet tem-perature above that 
required to give saturated steam at the turbine outlet. 

4. A decrease in specific condenser weight ani frontal area 
of about ll percent may be obtained at an altitude of' 30,000 feet 
and an air-plane velocity of' 500 miles per hour by ~lacing a cooling 
fan ahead of' the condenser. The greatest gains in per:form.ance with 
a fan were obtained at the highest altitude investigated. In view 
of the additional weight of the :fan and the installation com-plexities, 
the 1lll.provements in per:form.ance obtained by use of the fan are 
probably insignificant. 

5. A weight estimate based on a turbine out-put of' 5000 horse­
power at a :flight speed of 500 miles per hour and an altitude of 
30,000 :feet indicated that the speci:fic weights of' the installed 
power plant excluding the reactor would be 1.09 -pounds per turbine · 
horse-power, 1.59 -pounds per net thrust horse-power with condenser 
submerged in the wings (no external. condenser drag}, and 2.55 pounds 
per net thrust horse-power with condenser enclosed in a nacelle. 
Calculations based on this weight estimate indicate that a weight­
carrying capacity equal to 4l percent (condenser in nacelle) to 
48 -percent (condenser in wing) of' the gross weight of a steam-turbine­
-powered aircra:ft would be available for carrying the nuclear reactor 
am cargo. 

Flight Propulsion ResearCh Laboratory, 
National. Advisory Committee for Aeronautics, 

Cleyeland, Ohio. 

••q 
_, -- -~::.J-
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.APPENDIX - DErAILS OF MErHOD OF CALCULATION 

Steam-cycle calculations. - The cycle is shown on enthalpy­
entropy (H - S) coordinates in figure 11. A pump raises the water 
pressure from the turbine-outlet pressure _ P 0 to the turbine-inlet 
pressure Pi alone: line a-b in :figure 11. The water is warmed, 
evaporated, and superheated in the boiler along line b-e to the 
turbine-inlet temperature (point c). Steam at the condi tiona 
represented by point c enters the turbine and expands to satura­
tion at the turbine-outlet pressure (point d). A condenser removes 
the latent heat o:f the steam ani discharges it as saturated liquid 
at point a. Pr~ssure drops of the working :fluid through the boiler 
and the condenser were neglected. The enthalpy (and superheat) at 
point c was determined by trial and error and had a value such 
that 

where the subscripts refer to points on figure 11. That is, the 
adiabatic efficiency o:f the turbine was 85 percent. The pumping 
work per pound o:f steam was taken as (P 1 - P 0 }v (where v is 
the specific volume o:f the saturated liquid at P0 ). 

For al,J. calculations, the steam rate was adjusted to give 
1000 shaft horsepower after the deduction o:f pumping power. The 
required steam rate W8 in pounds per second :for 1000 net shaft 
horsepower was therefore obtained from the following relation: 

f779 (He - Rei) - (Pi - P0 ) ..;J We "" 1000 C J 55o 

(1) 

(2) 

where (Hc - %) is in Btu per pound, (Pi - P0 ) is in potmie per 
square :foot. and v is in cubic :feet per pound. 

The reactor-heat input ~ (Btu/sec), the heat rejected to 
the condenser Q0 (Btu/sec), and the cycle efficiency ~c were 
obtained by the :following relatione: 

Qz. = Wa 8Hc - Ha) - (Pi - Po) 7;,J 
Qo = W s (~ - Ha) 

(3) 

(4} 

(5) 

( 

c 
\H 
\._ 
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The properties of the steam for these calculations were obtained 
from reference 1. 

Condenser cooling-air pressure drop. - Charts of heat dissipa­
tion and cooling-air static-pressure drop against cooling-air flow 
for the condenser were supplied by the heat-exchanger manufacturer. 
The investigations f'rcm which the data for these curves were obtained 
were made at sea-level entrance conditions of cooling-air pressure 
and temperature and with an initial temperature difference aTi 
between the condensing steam and cooling air of approximately 1.00° F. 
The hea"b. dissipations given by the charts are valid for all. entrance 
conditions and initial temperature differences-. The variation of' 
heat dissipation in Btu per minute per 1.000 F of initial temperature 
difference with cool.ing-air flow in pounds per minute is shown in 
f'igure 1.2 for a condenser having a frontal area o:f l square foot. 
The pressure drop required for a given flow of cooling air, however, 
1MJ:Y vary considerably with altitude, f'l.ight speed, and initial. 
temperature difference making it necessary to modify the experi­
mental curve 1n order to account for the effect of these variables. 

The experimental curves were modified by calculating values 
of the cool.ing-air static-pressure drop across the condenser crAp 
(product of the ratio a of cool.ing-air entrance density to NACA 
standard sea-level. density and the static-pressure drop Ap) for 
various altitudes and heat l.oad.ings. The quantity crap was taken 
as the sum of: (l) entrance loss; (2) velocity-profile loss; 
(3) vena-contracts l.oss; (4) friction loss; (5) heat-exchange or 
momentum l.oss; and (6) exit loss. Density changes at the entrance 
and. exit sections were assumed to be negl.1gible and an average 
density was used to calculate the friction l.oss. With the assump­
tion that the air-flow passages between the elongated tubes B.Di 
fins were rectangular channel.s (fig. 1). having an effective diemeter 
equal to four times the cross-sectional area divided by the perimeter, 
the variation of friction factor with Reynolds number was calculated 

. using the cooling-air pressure drops and corresponding air flows 
from. the manufacturer 1 s experimental sea-level. curves. These fric­
tion factors together with velocity and density changes of the 
coolitJg air in the condenser resulting from variation in altitude 
and heat loading were then used to calculate the corresponding 
pressure drops. The calculations were limited to turbulent flow 
(approximate range of Reynolds number, 2000 to 20,000) and to Mach 
numbers in the condenser of less than 0. 5 • 

... - .. ··J 
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The variation o:f aAp with cool.ing-air :fl.ow is shown in :fig­
ure J.3. Curve A is the manu:facturer 'a experimental curve for eea­
l.eve1 entrance conditions and an initial. temperature difference of 
1.00° F. Curves B, c, D, and E are representative cal.culated 
curve~ :for an altitude of 30 1 000 feet, a f~ight speed o:f 500 mil.ee 
per hour 1 and initial. temperature differences of 100°, 200°, 300°, 
and 400° F, respectively. 

Condenser weight, frontal. area, and internal. drag. - A schematic 
diagram of the coiidenser enclosed in a nacelle is Shown in figure ~4(a) • 
.Army standard air was assumed at station 0 ahead of the nacelle. The 
total. temperature at the :face of the condenser, station 1., was cal.­
cul.ated :from the expression 

where 

Tl. total. temperature at condenser :face, O.S 

t 0 ambient-air temperature, O.S 

V 0 fl.ight s"peed, ft/ sec 

g acceleration due to gravity, 32.2 :rt/sec2 

J mechanical equival.ent o:f heat, 778 :ft-lb/Btu 

cp specific heat o:f air at constant pressure, Btu/{~b}(~) 

(6) 

The static pressure at the :face of the condenser was taken as 

where 

pl. static pressure at condenser :face, in. Hg absolute 

Po ambient-air pressure, in. Hg absolute 

V~ vel.ocity at condenser face, ft/aec 

(7) 

' 
/ 



NACA EM No. E7J01 -· ! ·=~ :,·,:·.=~.'l. 15 

7 ratio or specif'ic heats of air 

£r diffuser pressure-rise recovery factor, (assumed to be 0.90) 

The initial. tem.peratm"e d.ii'ference ATi between the steam. and 
the cooliDg air was taken as Ts - Tv where T8 is the tempera­
ture of the steam in the comenser. 

The relation between condenser frontal. area, heat dissipation 
rate, initial. temperature dif'ference, and heat removed from the 
steam by the condenser is given by the fol.l.owing expression: 

where 

A 

A= (8) 

cond.eneer frontal. area, sq ft 

heat removed from steam. by condenser, Btu/ sec 

heat-dissipation ra.te, (Btu)/(:min)(l00° F ATi)(aq fi frontal. 
area) 

The quantity Br is a function of the cooling-air flow {f'ig. l2), 
which is a. function of the pressure drop (f'ig. 1.3); hence, for given 
val.ues of "lc, ATi, and static-pressure drop O'Ap, a veJ.ue of' Hr 
and. therefore a condenser :frontal. area JD.a3" be determined. AJ.so, if 
the condenser frontal. e.rea A is known and Qc and ATi e.re given, 
a val.ue of' Rr can be ceJ.cul.ated from. equation ( 8) and the required 
cooling-air :fl.ow and pressure drop determined from :figures l2 end 1.3. 
Inasmuch as the air now given in :figures l2 and l3 is :for a l-squere­
foot section, the a.1r :fl.ow as obtained from these :figm"es must be 
m.ul.tiplied by the total. f'rontal. e.rea in order to obtain a. total. 
weight flow of' cool.ing air. 

The tep~.perature rise of the cooling air in passing through the 
condenser AT0 and the total. temperature T2 at the condenser exit 
(station 2, fig. l.4(a)) are given by 

~ T2 .. T1 + AT0 '""T1 +- {9) 
W cp 

where W is the cool.ing-.air :fl.ow in pou.nis per second. The cor­
responding static tempera.tm"e tz is given by 
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i:: v2 
~ = T2 - 2 .J £ cp 
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(10) 

where v2 , the velocity of the cooling air at station 2, is obtained 
from the continuity equation. Thus 

(ll) 

where 

R gas constant for air, ft-1b/(lb)("F) 

p2 condenser-outlet statio pressure, 1b/ sq ft absolute 

The pressure p2 was taken as the statio pressure at station 1 
minus the cooling-air statio-pressure drop. The assumption is made 
1n equation (ll) that the cross-sectional area at station 2 is the 
same aa the condenser frontal area. Equations (10) and (ll) can be 
combined to give a quadratic equation for t2 in terms of +.he known 
quantities T2 , Pg, W, and A., The Y"elooity at the exit (station 3) 
is then 

(12) 

where C is an over-all velocity coefficient having an assumed 
value of 0.96 and the pressures are in inches of mercury absolute. 

In the present study 1 negligible error was introduced by substi­
tuting T2 for t 2 1n equations (ll) and (12) in order to si.m];llif'y 
the ocmputations. 

The internal drag horsepower hpd is 

(13) 

The effect of a change in internal drag power is represented 
through its ef'feob on the net thrust horsepower hpn1 which is 
defined as 

(14) 

/ 
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where 

hpt turbine-sha.:f't power {constant at 1000 hp) 

Tip propeller ei'f'iciency {constant at 0. 85) 

~7 

Ef'fect of turbine-inlet temperature. - In these calculations 
turbine-inlet temperatures above those required to give saturated 
steam. at the turbine out1et were investigated. The cycle is repre­
sented in :figure ll. by the path a-b-e-1"-a. For this case the con­
denser must cool steam :fran. point f to point d in a.dd.i tion to 
the condensing process fran point d to point a. Inasmuch ae the 
over-all heat-tre.ns:f."er ccefficient far cooling superheated steam is 
considerabJ.y 1ower than for comensing steam, the heat-dissipation 
curve {fig. 12) could not be uaeQ. to determine the total required 
frontal area. The size of the heat exchanger required to condense 
the e'team. was determined by the method previoual.y outlined and an 
over-all heat-transfer coefficient based on the effective-air-side 
surface area was calculated and used to determine the additional. 
area required to cool the steam from point f to point d {fig. ll.). 

Calculation of the over-all heat-transfer coefficient u2 for 
cooling superheated steam 1nvo1 ved several steps. The over-a11 
heat-trans:f."er coefficient :for coniensing steam u1 was first deter­
mined :from figure 12. The film coefficient on the steam side h 6 1 

' was then calculated from equation (~9), reference a (p. 269), for 
fil.m.-type condensation on vertical surfaces. When the resistance 
of' the tube wa11 to heat fl.ow is assumed to be negligible, the air­
aide film coefficient ha mey then be calculated from the relation 

1 1 l 
-= +-
ul rhs l ha , (15) 

where r is the ratio of' steam-side surface area to ef:f."ective-air­
side surface area. A steam-side :film. coeff'i.ci.ent for cooling steam 
h 8 2 was then determ:ined by the method given in reference 3 and was 
us~d in conjunction with ha from equation (15) 1.n order to calculate 
the over-all heat-transfer coefficient for cooling steam. u2 : 

(16) 

The rema.1nder of" the calculation :for internal. drag power and 
net thrust power was the eame as that outlined for the straight 
condensing case. 

··~· ...... -- ''!1' ............ ·--
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Condenser and cooling f'an. - For these calculatione, the f'an 
was assumed. to be mounted. at the f'ace of' the condenser 1 as shown 
in figure 14{b). The total-temperature rise across the f'an llTr 
was calculated f'ran. the expression 

where 

(17) 

total temperature immediately ahead of f'an, on {calculated. 
fran equation (6}) 

adiabatic f'an efficiency {assumed to be 0.85) 

total pressure :lmmediateJ:y ahead of' f'an, in. Hg absolute 

total pressure at ooiJdenser face, in . .Rg absolute 

Calculations were made for a range of' values of' I:J.Pf'/q (ratio 
of' f'an total-pressure rise to free-stream compressible dynamic 
pressure). The horsepower required. to d.ri ve the fan hpf was 
calculated fran the expression 

{18) 

The internal. drag power was calculated from equation (1.3). 

The turbine and fan were assumed to be on the same shaft and 
the turbine power 'in excess of' that required to drive the f'an was 
assumed to be transmitted to the propeller. The expression for 
net thrust horsepower then beoanes 

(19) 

Power-plant weight estimate. - Preliminary design calculations 
were made for a steam turbine delivering 5000 shaft horsepower at an 
inlet pressure of' 1400 pounds per square inch absolute, an inlet 
temperature of' 866° F, and an outlet pressure of' 100 pounds per 
square inch absolute. Fran the pitch diameters and the number of' 
rotor disks, an est~te was made of' rotor and stator weights 
by assuming that these weights varied as the square of the diameter 

r 
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and using the weight and :pitch diameter of a current aircraft rotor 
and stato.r" as a stand.Brd. Based on stress considerations, the total 
turbine weight was then increased to all.ow for the heavy casing 
required at the high OIJerating :pressure. 

A condenser with a frontal. area of 13 square feet and a weight 
of 200 :pounds, the :performance of' which is shown in f.igure 6, was 
used for this weight estimate. Inasmuch as all. previous calcula­
tions, including those made for .f'igure 6, were based on 1000 horse­
:power fran the steam turbine, it was necessary to multiply this 
weight of' 200 :pounds by 5 to obtain the :pro:per value for a :power 
output of 5000 turbine horsepower. 

A boiler feed-pump weight of' 200 pounds was considered to be 
sufficiently high, inasmuch as aircraft-type fuel pumps of the 
required ca:pacity operating at :pressures up to 500 to 600 :pounds 
:per square inch aDi weighing about 50 :poUDis are now available. 

The weight of gearing between the turbine and the pro:peller 
was assumed to be 0.2 pound per shaft horse:pawer, a value con­
sistent with reduction-gear weights of :present turbine-:pro:peller 
engines. 

The :propeller weight is a scaled value based on the assum:ption 
:that the weight var1.es w1. th sha:f't :power, altitude, and flight speed 
and usinS the weight and power absorption of a typical aircraft 
:prOIJeller as a base • 

A breakdown of the engine weight We in pounds (exclusive of 
reactor and worldng fluid) is as follows: 

Turbine . . . . . . . . . . . . . . . . ••• 1000 
Condenser core • • • • • • • • • • • • • • • • • • • • • • 1.000 
Pro:peller (500 mph, 30,000 f't) 
Boller feed ];lum};l • • • • • • • • • • • • • 
P1.p1ng, valves, fittings, etc. • ••• 
Reducting gearing ~ • • 
Air ducting • • • • 
Engine mountings •. 

. . . . . . . . . . . 

. . •••••• 1360 
• • • • 200 

• • 400 
• 1000 

200 
200 

Controls • • • •• . . . . . • • • • • • . . . • • 100 
Total weight • • • • . . . . . . . . • • 5460 

The gross weight Wg of the air:plane in pounia was calculated 
fran the expression 

(20) 

.. 
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where 

L/D ~1ft-drag ratio of airp~ane without nacelles (assumed to be 18) 

hPnac external. drag power of nacelle, hp 

v0 f~ight speed, ft/aec 

The external. drag power of the nacelle was cal.cul.ated as f'ollows: 

hpnac On 3 
= llOO s Po V o Ana.c (2~) 

where 

nace~~e drag coefficient (assumed to be 0.0657 at 500 mph and 
30,000 ft} 

Po density of' ambient air, l.b/ cu ft 

Anac na.ce~l.e frontal. area, aq f't (assumed to be ~. 05 X condenser 
frontal area) 

The disposab~e ~oad Wd av~b~e for nuc~ear reactor, working 
f'~uid, and cargo was then 

(22) 

where 

W
8

t structure weight, ~b (assumed to be 40 percent of' gross weight) 

We power-plant weight, 1b 

The following sample calculations o:f the quantity Wd/Wg and 
specific power-plant weights are given for a f1~t speed of 500 miles 
per hour and an al. ti tude of 50,000 feet: The condenser frontal area 
is 13 X 5 (65) square feet and the correspo:cding I!et thrust power 
(~p hpt - hpd) from figure 6(c) is 688 X 5 (5440) horsepower for 
5000 turbine horsepower. 
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Anac = 1.05 X 65 = 68.25 eq ft 

0.0657 3 
hpnac = llOO X 32 •2 X 0.02606 X 733 X 68.25 = 1300 hp 

hpn - hpnac = 3440 - 1.300 = 2140 hp 

Wg-= 18 X 2140 X 550 = 28,900 1b 
733 

·;rat = 0.4 X 28 1 900 "" ll,560 l.b 

wd = 281 900 - ll1 56o - 5460 = 1.1.1 880 l.b 

wd ll,8ao 
w = 28 900 = 0 •41 

g 1 

21 

For the case with the condenser submerged in the wing (hpnac = 0), 
wdfwg is found to be 0.48. 

Specifi.c weights of the power plant on the bases of (a) turbine 
power 1 (b) net thrust power 1 and (c) net thrust power minus nacelle 
drag power a.re: 

(a) pounds per turbine horsepower = ;~g = 1..09 

5460 
(b) pounds per net thrust horsepower =3440 = 1..59 

(c) pounds per net thrust horsepower minus nece11.e drag 

horsepower = .§!§.2. = 2. 55 
21.40 

At a night speed of 300 mil.es per hour and an a1. ti tude of 
15 1 000 feet, the propeller weight is 1.770 pounds and the corresponding 
power-plant weight is 5870 pouods. The values of WdfWg_ for these 
flight condi tiona are 0. 51 with the condenser 1n a nacelle and 0. 52 
with the cOildense~ submerged 1n the wing. 

The specific weights at 300 miles per hour e.nd 15,000 feet based 
on turbine power 1 net thrust power 1 ani net thrust power minus nacelle 
drag power are 1. .1. 7 , 1. 7 4, and 1. 97 pounds per horsepower, respectively. 
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Figure 3. -Variation of net thrust horsepower1 condenser weight and 
frontal area1 and specific condenser weight and frontal area with 
turbine-outlet pressure for three turbine-inlet pressures. Flight 
speed 1 500 miles per hour; altitude, 30 1 000 feet; turbine power, 
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1000 horsepower; turbine and propeller efficiencies 1 0.85; saturated 
steam at turbine outlet. 
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Figure 3. - Continued. Variation of net thrust horsepower, condenser 
weight and frontal area, and specific condenser weight and frontal 
area with turbine-outlet pressure for three turbine-inlet pressures. 
Flight speed, 500 miles per hour; altitude, 30,000 feet; turbine 
power, 1000 horsepower; turbine and propeller efficiencies, 0.85; 
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Figure 3. - Concluded. Variation of net thrust horsepower, condenser 
weight and frontal area, and specific condenser weight and frontal 
area with turbine-outlet pressure for three turbine-inlet pressures. 
Flight speed, 500 miles per hour; altitude, 30,000 feet; turbine 
power, 1000 horsepower; turbine and propeller efficiencies, 0.85; 
saturated steam at turbine outlet. 
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Figure 4. Variation of net thrust horsepower, condenser weight and 
frontal area, and specific condenser weight and frontal area with 
Ll.p/q for three turbine-Inlet pressures. Turbine-outlet pressure, 
100 pounds per square Inch absolute; flight speed, 500 miles per hour; 
altitude, 30,000 feet; turbine power, 1000 horsepowe~ turbine and 
propeller efficiencies, 0.85; saturated steam at turbine outlet • 
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Figure 6. -Variation of net thrust horsepower and specific condenser 
weight and frontal area with flight speed for various condenser weights 
and frontal areas. Turbine-inlet pressure, 1400 pounds per square Inch 
absolute; turbine-outlet pressure, 100 pounds per square Inch absolute; 
turbine-Inlet temperature, 866° F; turbine power, 1000 horsepower; 
turbine and propeller efficiencies, 0.85. 
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Figure 6. - Continued. Variation of net thrust horsepower and specific 
condenser weight and frontal area with flight sp~ed for various con­
denser weights and frontal areas. Turbine-inlet pressure, 1400 pounds 
per square Inch absolute; turbine-outlet pressure, 100 pounds per 
square inch absolute; turbine-inlet temperature 866° F; turbine power, 
1000 horsepower; turbine and propeller efficiencies, 0.85. 
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Figure 6. -Concluded. Variation of net thrust horsepower and specific 
condenser weight and frontal area with flight speed for various con-

denser weights and frontal areas. Turbine-Inlet pressure, 1400- pounds 
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square Inch absoltJte; turbine-inlet temperature, 866° F; turbine 
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Figure 7.- Variation of net thrust horsepower with flight speed and 
altitude for condenser having weight of 200 pounds and frontal area of 
13.0 square feet. Turbine-inlet pressure, 1400 pounds per square Inch 
absolute; turbine-outlet pressure, 100 pounds per square inch absolute; 

turbine-inlet temperature, 866° F; turbine power, 1000 horsepower; tur­
bine and propeller efficiencies, 0.85. 
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Figure 8. -Variation of net thrust horsepower and specific condenser 
weight and frontal area with 6Pf/q for three condenser weights and 
frontal areas. Turbine-inlet pressure, 1400 pounds per square inch 
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lute; turbine-inlet temperature, 866° F; flight speed, 500 miles per 
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propeller, and fan efficiencies, 0.85. 

\ : - -- -~';". 
- ----



NACA RM No. E7JOI GJii-M '* 35 

.. _ ... .. 
"l I 

~ I 
7 

~ / ~ i 

~ / 
6 

,-

/ I - v / .... -
~ II / 
~- / 

h / _,/ 
/ / _, 

-~ 

_ .... 
./ --- 1-· 

·- ,... -- - ,... 
~ 

3 
~ '11r~~)peeo. AJ.ti:; e 

E- --- 500 0 ----- e ~·000 
E ---- ·~ 0 1 

-1--- r-...... -r--- t---
g - - -

r .......... 
........... 

...... .... ............ 
!'-,~ ........... 

6o ~ '" .... , 

"'-... 
.... 
' 

'" 
........ 

4o ,, 
~ 

:::: \ 2 

1- [\ 

rF, " lo CL \ ~ 
0 .2 .l.J. . • !l' 1..0 1.2 1.4- 1.6 

!JPr/q 
Figure 9. -Variation of net thrust horsepower and specific condenser 

weight and frontal area with 6Ptlq at various flight speeds and 
altitudes. Condenser weight, 300 pounds; condenser frontal area, 
19.5 square feet; turbine-inlet pressure, 1400 pounds per square inch 
absolute; turbine-outlet pressure, 100 pounds per square Inch abso­
lute; turbine-inlet temperature, 866° F; turbine power, 1000 horse­
power; turbine, propeller and fan efficiencies, 0.85. 



36 NACA RM No. E7JOI 

~ 
[~. " IT r • 

~: ~ 

. 
~ 

F-

. 
• 2 

Turbine-inlet ~ 
pressure, -: 

l6,p/q (lb/sq in. 
- absolute) .1 - '- . 
~ 0.2 

= .1 
.4 1000 : -

~ 
.6 

F-

0 

1-
.2 

f- : 

~ ~ .l 

:~ 
: -

-..,.,.... ~ •"~ 
1l!oo .6 

0 

- ~ 

. 
• 2 

: 

.1 :j ll!!OO : . . .... oE 
0 F. ,, .. '' 

,, ,;. 
0 40 80 120 160 200 
Turbine-outlet pressure, lb/sq in. absolute 

Figure 10.- Variation of over-all efficiency with turbine-outlet pres­
sure for various turbine-inlet pressures and values of ~/q. Flight 
speed, 500 miles per hour; altitude, 30,000 feet; turbine and propel­
ler efficiencies, 0.85; saturated steam at turbine outlet. 

.... 



NACA RM No. E7JOI ·----!- 37 

Entropy. S 

Figure II. - Schemat ie diagram of steam eye 1 e. 



38 -- ---- ··-- NACA RM No. E7JOI 

10,000 

..... 
Ql 8000 C) 
c 
v 
f..t 
Ql ..... 6ooo ..... 
..-4 
't:1 

v .5000 
f..t 
;:1 
~ 4-ooo Ill 
f..t 
v 
~ 
v .... 3000 

.-4 
Ill 
..-4 

v 
/ v 

/ 
/ 

/ " 
/ 

v 
/ ' .... 

..-4 
c 

..-4 

c;., 2000 
0 

0 
0 
..-{ 

1500 :a 
..-4 

~ .... 
tQ .. 1000 
c 
0 

/ 
/ 

'/ 

/ 
v 

/ 
/ 

v 
..-4 .... 800 Ill 
p, 

..-4 700 Ill 
1ft 

6oo ..-4 
't:1 

.... 
as 500 Ql 
:I: ~~ 

4oo 
30 4o 50 6o 70 5o 100 150 2oo 300 4oo 500 6oo 

Air flow, lb/m1n 

Figure 12. -Variation of heat dissipation with cooling-air flow for a 
condenser having a frontal area of I square foot. 



NACA RM No. E7JOI 39 

H 4o.o 
G.l 
.p EOOB A 
~ 30.0 _h Ill J 

0 

s::: 20.0 ..-1 .. 
A 
<I 
b 

10.0 .. 

/!J r; v 
V//; / 

~ w ,, 
I 

A g.o 0 .a 6.0 
G.l 

,, 
IIi l/ 

'{//, I 
)}If!_ 

3 lit '(' 
4.0 to 

U'l 

" H 3.0 ~.WI I~ 

sr 
0 

..-1 2.0 .p 
a! 
.p 
1:/l 

H 
..-1 
a! 1.0 
tlo .g s:: 

..-1 
r-1 .6 0 
0 

Ill w Curve Description 

II# A Manutacturer 1s exper~enta1 -

~ Sea-level entrance conditions; 

~~ '{' 
100° F initial temperature 
difference 

B,C,D,E Calculated - 30,000 feet alti-
tude, 500 miles per hour flight 
spee~; initial te~erature 
differences of 100 , 200°, 
300°, and ~00° F, respectivelY 

0 

• 44o 6o go 100 200 300 4oo 6oo 1ooo 

Cooling-air flow, lb/min 

Figure 13.- Variation of cooling-air pressure drop with cool lng-alr 
flow for a condenser having a frontal area of I square foot. 



40 

I 
I 

I 
0 

I :_sJJL 

2 

lal ~ithout cooling fan. 

I b l WI th coo I I ng fan. 

NACA RM No. E7JO I 

-I 

I 
I 
3 

Figure 14.- Schematic diagrams of condenser installation in nacelle. 



' ~J.'tJ.. 
As an application of nuclear energy to aircraft, calculations were made to deteriidne 
effect of several operating conditions on the performance of condensers for steam -turbine 
power plants. The analysis covered a range of turbine-Inlet pressures from 1000 to 1800 
lb/ sq ln. absolute, and turbine-outlet pressures from 10 to 200 lb/ sq ln. absolute for 
various condenser cooling-air pressure drops, flight speeds, and altitudes. At a turbine­
Inlet pressure of 1400 lb/ sq ln. absolute and ll. turbine-Inlet temperature of 8660F, the 
'minimum specific condenser weight was 257 lb/ 1000 net thrust bp, and the mlnlmum 
specific condenser frontal area was 16.7 sq tt/ 1000 net thrust hp. These values occurred 
at a turbine-outlet pressure of 100 lb/ sq ln. absolute, a flight speed of 500 mph, and an 
altitude of about 15,000 ft. 
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