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A PR=ELINITNARY STUDY OF RAM-ACTUATZD COOLING SYSTEHS
FOR SUPERSONIC AIRCRAFT

By Jackson R. Stalder and Xenneth R. Vadleigh
SUILRIARY

An analysls has been made of the characteristics of
several cooling cycles su_tanle for cockplt cocling of super-
gonic alfcraft. All the cycles congidered ufillize the dif-
ference between dynamic and amblent static pressure %o
actuate the cooling system and require no adéitional power
source

The results of the study indicate that as flight speeds
become greater, increasingly complex systems are recuilred
to reduce the ventlilating slr to tolerable temmeratures.

At altitudes above approximately 35;000 feet, a systen
composed of an externally loaded expansion turbine in
conjunction with a supersonic diffuser would maintain
tolerable ventilating air temperatures, at ileast up to a
Tlight llach number of 2, The nost complex system considersd,
composed of a compressor, intercooler, and expansion turbine
with the intercooler cooling air decreased in temperaturec
by expansion through an suxillary turbine is capable of
meintaining a ventilating air te?perature less than amblent
temperature up to a flight ilach nuwber of 3.7. The preceding
ARFRIRENCY >
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results for both systems are predicated on a cockplt pressure
equal fo amblent static pressure.

It is poesible that simila? systems can be devised which
wlll allow operation bf faﬁ;éctuated cooling cycles with the
cockpit pressurized, with, however, added system components

required in the form of adjitional heat exchangers and turblines.
INTRODUCTION

It is generally rcalized that the probiem of maintalining
hebitable cockplt temperatures in alrplenes deslgned for
supersonic flight will be difficult. The nccesslty of
cooling the pllot!s compartment has arisen in the operation
of high-speed subsonlc ailrplanes, The problem will naturally
become much more acute as alrcraft speseds are increasod
through the transonic and into the supersonic spced range.

The cooling problem in supersonic aircraft arlses, in
part, from the near-stagnatlion temperatures attained in the
acceleration of ambient alr %o veloclities approaching that of
the ailrplane whics prevall in the boundary layer. In effect,
the alrplane is surrounded vy a thin layer of alr at tempera-
tures aporoaching stagnation value. Solar radiation into the
cockplt through thc canopy ardthe dissipation of heat by the
pilot and by electrical apparatus further adés to the cooling
load. In additlon, the enterlng ventilating ailr whlch is at
stagnation temperature must be reduced in temperature before
admittance %o the cockpit.

[
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A refrigeration cycle utlilizing atmospheric air as the
working medium is currently béing employed as & means of
enclosure. cooling. This cycle uses alr that has previously
been compresgssed by the main engine compressor or by a cabin
supercharger. The high-pressure high-temperature air is
then cooled ln an intercooler and expanded through a turbine
to the enclosure pressure.

At'supersonic_flight speeés, the pressure rise occurring
from the adlabatlc acceleration of the ventilating alr becomes
of large enough magnitude that 1t may be possible to utilize
the energy of the ram—compressed alr to operate a refrigera-
tilon cycle as well asg for pressurizing the enclosure,

It 1s the purvose of thls rsport to examine the character—
istics of several cooling cycles, which are actuated by the
difference between dynamic or ram pressure and ambient static
Dressure, and to present the results of the analysis in as
general g rmanner as possible. Ho predictions have been made
concerning the magnitude of the enclosure cooling loads as
this factor ls dependent upon enclosure size, constructionsl
CGetalls, amount of insulatlon employed, etc. Likewlse, detalls
of turbine and compressor speeda, sizes, typss, have not

been discussed in this preliminary report.
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SYiBOLS
The followlng symbols are used throughout the report:
Cp specific heat of air at constant pressure assumed
constant at 0.2% Btu per pound, p
e intercooler cooling effectiveness, dlmensionless
hp horsepower
J mechanical equivalent of heat (778 f£t-1b/Btu)
u ilach number, dimensionless
stégnation pressure, pounds per square foot
heat abstracted from gir by intercooler, Btu per second
T abaolute stagnation temperature (°F + 459.7)
w welght flow rate of ventilating air, pounds per second
wi welght flow rate of intercooler cooling ailr, pounds
per second
€ adiabatic shaft efficiency, dimensionless
duct efficiency, dimenslonless
ratio of sﬁeoific heats of air (assumed conatant at 1.40)
Subscripts
a,b arbitrary stations immediately upstream and downstreanm,
respectively, from component under conglderation
c compressgor
i ideal or theoretlcal
o} free strean
t turblne
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o A =

2 (
)} stations as indicated in figure 1
|

ANATLYSIS

Five systems have bcen analyzed., Of these five, four
are simple variations of the first basic system (System I)
which comprises a supersonic diffuser and an expansion turbine.
In this basic system, the alr is decelerated to zero velocity
(relative to the airplanc) in the diffuser and expanded from
the resultant high pressure through a turbine to the pressure
of the portlon of the alrplane belng cooled —~ the enclosurc.
The turbinc work is absorbed by an external load such as an
electrical generator, hydraullc pump, or simllar plcce of
equipment.

Syetem II 1s ldentical with System I ecxcept for the
addition of a heat exclianger between the diffuser and turbine.
The heat exchanger cmploys an internal cooling medium, that is,
fuel, liquld oxygen, or solid COs as the coolant. The turbine
work 1s absorbed by an external load as in System I.

System III employs the turbline work to drive a compressor.
The compressor is located downstream from the diffuser and

ilncreases the ventilating air presigre above the-value of the

SRR
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final diffuser alr pressure. An air-to-air intercooler cools
the air after compression and before it is expanded through the
turbine to the enclosure pressure.

System IV 1s ildentlcal with System III except that the
intercooler uses an internal coolling medium rather than free—
stream alr as & coolant.

System V i1s simlilar to System III wlth, however, the
additlon of a sscond turbine which redusces the temperature of
the intercooler cooling air. This secondary turbine 1s directly
connected with the maln turbine-compressor system so that its
‘work is delivered to the compressor. A schematic diagram of
the five aystems is showmn in figure 1.

For all systems analyzed, the simplifying assumptlon lis
'made that the pressure drop of the alr in passing through a
heat exchanger ls negligible in comparison wlth the pressure
rige in the diffuser (and compressor when employed) and the
Pressure drop of the alr in passing through the expanslon
turbine. The accuracy of this assumption is dependent upon
the size and geometry of the heat exchanger and the valldity
of the assumption inecreases as the flight liach nunbor Ancreases,
Congtant values of gpeciflc heats of alr are alsc assumed.,

The air ls assumed to be dry so that condensation effocts are
absent..'. b e e e — e o

The génoral reclations employed in the analysis of tho

systems ‘are as follows:

The:ideal lsentropic pressure ratio resulting from
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deceleration of alr from an inltigl lizen number ¥, to

zero veloclty is gilven by .
() = (ELue + 1) Y (1)
Pg’y 2 /
The adiabatic (not necessarily isentropic) tempera—

ture ratio under the same conditions 1s

=2 = T Mp® + 1 : (2)

Equations (1) and (2) may be derived (reference 1) from

considerasion of the perfect gas laﬁ, the goneral energy
equztlion, and the cgusation for sonic velocity in a pocrfect
gas.

A Suet egfficiency m is défincd as the ratlc of the
actusal stagnation rressurc rise obtained in tns duct to the
ideal Ysentroplic stagrnatlon pressurc risc obtained for the

gamc entrancc llach number, Thus,

' _ (Pp — Pa)
' " (Pb - Pa)i (3)

Rearranging cquation (3} and substitubting equation (1)
there is obtaincd
—-—.Y =
b i v—1
—_— = —_— - iR
s> =1+n | (5 m +1 ) 1J (L)
The intercooler cooling effectiveness e 1s defined, in

the usual manner, a% the ratio of the tomperature drop of the

* IRty
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ventlilating alr in passing through the coolor to tho initlsl
tempoeraturc diffcerence between the ventllating alr and the
cooling alr.

The temporature ratio across a compressor or turblnec ls
given, in terms of thc pressure ratio, by equations (5} and

(6), respectivaly,

y-1
Pa) ¥ -1
%E =1+ (Po/ az (5)
& c
=1
Ty Po\ T
=l 1 -(52) (6)

In equation (5), €, is the adlabatic shaft efficlency
defined as tho ratio of thec isentropic temperature rise to the
actual tempcrature risc of the alr for. the compressor pressure
ratlio. In equation (6), et is similarly defined as the
ratlio of the actual drop in temperature experlienced by the air
as it drops in pressure passing through the turbine to the
ideal lsentropic temperature drop it would experlence for
the same turbine pressure ratlo,

The horsepower required to drive a compressor is glven by

Nt
. 7
hpo = Jop W ?? (Po/Pa) 1 (7)
550 €¢
and the horsepower delivered by a turblne 1is
1 v=1
i 4
hpg = 2 % ¥ Ta €5 | 1 - (7D (8)
950 : Pa, |
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The heat abstracted from the air by an internally cooled
heat cxchanger is
Q= Wep (Ty - Tp) (9)
which may be rearranged, in Terms of the tem»erature ratio
of the air in passing through the cooler %o

T _ 1 __fl;; . (10)

T, = Topl,

The general scheme'of analysls is to combine, sultably
for each system, the prcceding general relationships in order
to obtain the ratio of enclosurc temperature to ambient
static tomperature in- terms of the flight liach number, the

ratio of conclosurc static pressurc to free—strcam static

preesurc and thc efficiency of  the system components.

A detailled analysis of cach of tThe five aystoms 1s

presented. in Appendix A,
DISCUSSIOH

For ail systems, the final tenpcecraturc ratio and the
amount of enclosurc pressurization that can be obtained 1is
Acpendent upon the efficlcncy with which the diffuser cdnverts
the free—strcam kinetic cnergy to statlc pressurc., Avall-
gble quantitive information on the performance of supersonlic
diffusers 1s mecager. In rcference 2, Xantrowitz and
Donaldson have proscntced a method for the design of reversed
DeLaval nozzle~type diffusers and, in addition, havc obtalned
teat data over a limitced range of Ilach numbers to check thelr
analysis, Thc data of refercncc 2 was uscd In this rcoport

becausec of lack of comparable data on othor types of diffuscrs.

# - ol
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It is shown, 1n refercnce 2, that it 1s impossible to obtain

a shock-~free deoceleration through the sonic velocity in a dif-
Tuser of this type and that an unavoidgble loss in total
Pressure through the medium of a normal compresgslion shock must
result for the flow to be stable. Thls loss increases with

the entrance liach number. The data of Kantrowltz and Donaldson
were used in this rceport for celculating diffuser efficiencies.
The procedure used in determining the diffuser efflciencics
used hercin was as follows: The maximum diffuser efficioency
for a given entrance or flight lHach number was calculated by
the method of refercnce 2. This tﬁeorctical maximum efflcliency
was then multiplied by a factor, 0,93, to obtaln an efficicnecy
closely corresponding to the best test officlenclcs obtalned
by Kantrowitz and Donsldson, It is worthy of notc that, for

a fixed geouwctry dlffuser, the maximurn efficlency occurs only
at the design ilach number. In this report, 1t 1s assumed

that the optimum diffuscr is uscd for cach flight Hach number,
Flgurc 2 shows the diffuscr efficlonclcs used in this report

as calculatcd by the preceding nethod,
In order to visualize the magnltude of the stagnation

temperaturcs which occur as a result of the acceleration of
ventllating alr, figure 3 has been prcparcd. Flgurc 3 is
derived from equation (2), and shows thc stagnation temperature

ag a function of altltude and HMach numbecr assuming NACA
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standard air properties. (See reference 3.)

The maximum degree of enclosure pressurization obtain-
gble from flight ram, shown in figure 4, was calculated by
means of equation (4) using diffuser efficlencies taken from
filgure 2. Constant pressure lines for several effective
enclosure altitudes are also shown in figure 4, The lower
limit of the curves was taken at 30,000 feet altlitude, since
1% is unlikely that prolonged supersonic flight would be
undertaken below thils gltitude. The cooling systems discussed
hereln would operate less effectlvely as the enclosure
pressure ilncreased and would not operate if the enclosure
were maintained at the maximum possible ram pregsure. JIt
is probeble, however, that systems of this type could be

Geviged wnlch would allow almost complete ram pressurlzation

to be utilized and stlll mailntaln the system effectiveness,
with, however, the addition of more pleces of equlipment -
turbines, heat exchangers, etc.

It is unfortunate that the equations for the temperature
ratlo across each system do not lend themselves to plotting
in terms of nondimensional or dimensional groups of varlables,
g0 that the effect of a change in efficlency of a system
component 1s imwmedlately apparent. In order to calculate

the perfofmance of the system 1t is necessary to assume

values fcr each of the component efificlencies. The follow-
ing numerical values wore used for substltution in the equa~

tion for the tomperature ratio across each system:

GG
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1. Diffuser'efficiency, taken from flgure 2
2. Turbine adlabatic efficlency, 0.8
3. Compressor adiabatic efficiency, 0.7

4. Air-to-air intercooler cooling effectliveness, 0.9
The cnclosure was assumed to be unpressurilzed, hence the
enclosurc pressur'c was taken as equal %o amblent static pressure.

It is thought that the mbove values approximato the
maximua efficiencles that are practically obtainable, consider-
ing the probable small size of the equipment. The scemingly
high value of intercooler offectivencss arises from the fact
that the high rom pressures allow the use of multipass {and
hence high effectiveness) heat exchangers.

The performance of System I is shown in figure 5. The
pertinent point concerning this sytem is that the final
Temperature ratio is always greater than unity, that is, the
entering ventilating air temperature ls glways higher than
free—strcam static tecmperaturc, owing to energy losses in the
diffuser.and turblne.

The temperature ratlo of the air aftermpassage through
System IT is shown in figure 6. In figure 6, the parametor
Q/WGPTO represents._the fractlon of the inltial total heat
content of the amblent alr that is removed by the internal
cooler. This varlable ig & function of the effectiveness of
the internally cooled heat exchanger as well as the lowest

temperature obtainable from the cooling medium; °From figure 6,

1t is apparent that if a‘suitable'cooling mnedium can be

sy
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émployed, it is psséible to obtaln wvery low outlet tempera—
tures from this system.

The determination of the charscteristics of System III
involves, as noted in the appendix, the graphlcal solution of
equations (A9) and (A10) in order to determine the compressor
pressure ratlo values for subgequent substitution into equa-~ |
tion (A8). The values of the compressor pressure ratio
determined in the foregoing manner are shown in figure T

The perform:ance of the system as represénted by the final

temperature ratio of the ventilating alr ls presented in
figure &, It is noted that this systemlis capable of main-
tailning o system outlet temperature lcss than free—stream
static tomperature up to a flight llach number of approximately
Le7e

Tho pcrformanocc of System IV is dependent upon the smount
of heat abstracte& from the alr by thc lnternal cooler, as in
Systen ITI. The compressor pressurc ratlos obtalned from a
grapialcal solutlon of equations (413) and (414) are shown in
filgure 9. The pressure ratios deccrease rapldly as heat is
sbstracted by the internsl cooler duec to the decrcased
turbine work availsble wlth the lower turbine inlet tempora—
tures. The final over—all tomperaturc ratio across the system
1s showm in figure 10, It may be scon from this figure that
the final temperature ratio ls determined by the amount of
heat abstractcd by the internal cooler and that the system

is sensitive to changes in flight{ Hach number since a slight
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change in Hach number lncreases the final temperature ratlo
considerably.

The determination of the perforpance of System V is
conplicated by the presence of the auxiliary cooling turbinc
that decreases the temperature of the cooling alr before its
nassage through the intercooler. It becomes necgssary to
assume values for the mass flow raftlio of intercooler cocling
air to ventilating alr, as may be secn from an examination of
cquation(Al8). In order to obtain the system tempcrature
ratio as represented by equation (A417) it was necessary to
solve, graphically, eguations (418) and (A1) for values of

the compressor prossure ratio. The numerical values obtalned
are shown in figurc 1l. From a consideration of figures 11 and
12, it is cvident that the compressor pressure ratios become
cextremely hich at liach mumbers greater than 2.5 for a value
of W'/W of 2. It will be noted that these pressure ratios
are considerably hipher than thoseobtained in Systems III
and IV, cdue to the added work Dut into the compressor by the
auxiliary turblne. The auxiliary turbine performs two
benericial functions -~ 1t incrcases the work available to
drive the comprecssor and, hencs, ilncreascs the pressure ratlo
across thc main turbinc, and it providecs cold exhaust air to
cool the primary ventllating air, _

The final ventllating-alr-tomporature ratio across System
V is shown in figure 1l2. The perforirancce of thls system shows

a marked decreasc in over—all tempcrature ratlio comparcd to
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that of the other systoms due to thc beneficial effect of
the guxiliary turbine. From figure 12 it is seen that, for
a value of mass—flow ratlo of cooling to ventlilating alr of
1.5, the system outlet temperature msy be maintained less
than, or equal to, ambient static temperature up to a lach
number  of 3.,7. The added performance o6f this system is, of
'boﬁfse, accbmpanied by an inecrease in the power reduired
“to rem the additlonal cooling alr through the system.
‘ “The fact that the temperature ratio decreases to a
‘minimum at 2 iladh number of approximatelr 1.5 and.then
incrcasces as tHe Tlight llach number increasecs is .due to the
‘opposing cffcots of inereasing pressure ratio across. the aux-
‘Aliary turbing- and - decrcasing duct efficlency.,. . |

For ©11 the systems. discussed, 1t is strongly. empha-—
sizcd that the performence shown 1s the maximum ohtain-
-gble with.the assumed values of comprcssor and turbine
“gfTiclenclos and intercooler effectivencss, bcocause the
" maximum obtalnable value of diffuscr efficlency for the.bype
of -diffuger considered was taken for each £light liach .number.
- The perfermasnce over a renge of flight ilach numbers of any
"actual enclosurc cooling systom with a fixed geometry diffuser
of the type discussed would docrecase below the ideal values
shown heroin. The velues of diffuser efficiency used hercin
should not bec considered the maximum obtainable with any type
of diffuser. It ls quite bossible that diffuscrs can be

designed whicad wlll have performanccs superior to the simpls

* SRR
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reversed Delaval-nozzle type dlscussed,

Syetems, such asthose described in this report, which
teke free stream air and pass it thirough a cooling cycle con—
tribute drag to the airplane by virtue of the difference in
momentum between the alr taken into, and that discharged from,
the eirplane, Thus, the cholce of a particulaf éystem will
depend upon the system drag cheracteristics as well as upon
the internal efficilency of the installation. The drag
produced by a system is greatly depenéent upon the slze cnd
configurstion of the ducts and hecot exchangers, hence 1t 1s
not possible to draw specific conclusions concerning the drag
of the geveral systems discuseed herein. However, it 1is
apparent that cooling systems thot handle relatively large
amounts of gooling air such as Systems III and V will have
unfavorable drag characteristics and i1t may be necessary to
reduce the heat-exchanger effectiveness in order to eliminate
excesslve pressure drops on the cooling alr side., Detailed
computatlons required to deslgn an optinum systen would require,
as a starting polnt, specificatlons concerning flight speeds,
altitudes, and cooling load, and hence have not been undertaken
in thig generel report.

CONCLUDIRG REIIARX

The high ventilating and boundary-layer-alr temperatures
attained at supersonic velocities will probably require use of
an enclosure cooling system to permit plloted supersonic aircraft

to be flown.
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An examlination of tmtics of several ram-
actuated coolingwssystems dlsclyses thgt these systems may,
from a stendpoint of cooling performance, be sultable for the
cooling of alircraft or mlssiles operating at supersonic
velocities. The operatlon of all the systems depende upon
the difference in pressure. between the enclosure or cockplt
end the ram pressurcs due to the veloclty of the alrcraft,

A system (System V) composed of a supersonic diffuser, a
compressor, intercooler, and two expsnsilon turbines appears
promising, from a cooling standpoint, in view of the fact that
the 1deal performance of the systenm indicates a system
outlet temperaturc less than ambient static temperature up
to a flight iiach number of 3,7, provided the enclosurec is
mgintailned at amblent static pressure.

Ames Aeronautical Laboratory,

Hationel Advisory Committec for Aeronautics,
Yoffett Field, Calif,
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For thle baslc systom, cquations
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APPENDIX
System I

(2),

NACA RH No, A7COY

), and (S) arae

combincd to glve the final tomperaturc ratlc across the

syatam in tcrms of the initial (£light)

Hach numbor, dlffuscr

cfficicncy, turblnce cfficlency, and the ratio of enclosure

static pressurc to frec-stream static pressure.

The latter ratio is, for

o given gystem and flight

llach numbeor, dcpcndOnt‘upon the amount of end¢losure prca-«

gurization dcsired.

(6) gives,

Combination of equations (2), (&), and

for the final temperature ratlo acroas the system,

Ei—(Tl\ gi\' (A1)
n(x)(%)
i ' =t
_ o /o ¥
AR
FY.—-
\J1 * " [1’5— o? +1) -1
- - )
(A2)



The powor avallable from the turbinc, whleh ls absorbed by an extornal load,
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Bystem IT

The over-all final temperaturce ratlo across the systom is glven by,
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o

Substituting valucs for 22,72, ana 8  thorc ls obtalined
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It wlll bo noted thet cquatlon (A8) contalns tho term P2/P1, the compressor
pregsurc ratlo. This torm may be clliminated by equating the exprosslons for compreasor
and turblno powers aince oll of tho turbinc powor ls delivercd o tho dompressor.
Honeo, whon equatlons (7) and (8) are oquatod ond the rosultant oxprossion is solvoed

for the torm P, /P, tho followlng quadratic solutlon rosults:

[
!Fa
Q
i
5
=
o
é%

—

r--

i

RO v Ay B I% &

Tie ot Tiepen T,eaet

- | - 1+ n[('igl lo? + 1) —1‘ (19)

T
| . ° (Tae:;e.b) -

Valucs of tho term T,/T; in oquation (49), arc obtalned from the follow-
ing oxprcasion which 1s derived from cquatlon (5) and tho ecxpression for intor-

coolor cffcetivonosa,
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Ts v-L

t c+ (l—-e){1+ (f"c/Pl}

To obtaln valucs of the term P./P; for substitution into equation (48),

a graphlcol elmultancous solution of oquations (A9) and (A10) is made, Values

of the term 2P, /P0 may be chosen for any degree of enclosurc pressurlzotion

deslred.

Systom IV

The final temperﬁture ratic acrocs the systom is,

Te L7 01 Ea)(_T_a_ 3.4_) (A11)
T, \Tq g NIy ‘

or, 1n torms of tho system variables,
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The unknown compressor pressure ratio

in the samc monnecr as for Systom IIT.

~

P, /P, , in cquation (Al2),
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1s determincd
The resulting oquations involving P, /P, are
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Equations (A13) and (All) arc eimultancously solved for values of Paz/P
which are subssequontly subatituted lnto cquation (A12). It will be noted that
in this asytem, an additional indcpendent varioble Q/WhpTo ls introduccd. This
variable 1g determlined by the smount of heat abstrncted.from the alr by the intor-

coolor ond may bo arbltrarily choson to yicld the dosirbd final temperature ratioc.
Systom V

Tho analysls of thile systom ls similar to thot of Syatom ITI excopt tThat
the Antorcoolor oquatlon muet bo modifled as the coollng alr is now precooled
by sxpanalon through a turbine. The expresslon for Intcrcooler effactlveness

i, for thls system,

e_Tg"'Ta (Al5)

_T=-Ta'
T™e assumption is made that the precooling turbinoe has the same adisbatle
efflclency as the maln turbine. The expresalon for the over—all final tempera-

ture ratio acrosa the system then is

T, T\ Ta/ Ty \(T .
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or

in terms of the system variables,
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where the term P /P, 1e taken from ecuation (4), In the derivation of equation
(A17) 1t ie assumed tb_a.t' P,' 1is equal to Py, that 1s, the intercooler pressure
drop is consldered negligible, -

The unknown compregsor pressure ratio P, /Py in equation (AL7}, As detsrmined. ..
by equating the compressor power o the sum of the powers of the main and preccollng

turbines. The resultlng expression Tor the term P, /P, 1is
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(A18)

Agelin, & graphlcal solutlon ls reculred In order to obtaln values for the
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term P, /P, because the expresslon for the term T, /T, ocontalns the %term P, /F,, thus,

or
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In the slrultaneous graphical solution of equations (28)
and (29), it 1s necessary to assume velues of the mags-—flow
ratio of intercoolor cooling alr to ventilating air W!/i.

In the actual case, the value of thls paramcter is determined
by the arca of the intercooler heat-transfer surface and the
over—all heat—-transfer coefficient obtained in the cooler,

. 8ince the ccoling effectiveness 18 arbiirarily chosen.

The presecntatlon of the results of the foregolng analysis
ln the form of a final system tempecrature ratio is believed to
be the most convenient form of presentation because tempera-
turc changes due %o variation in altltude then do not enter
the equatlons.

The cooling capacit: of any svstem mey be calculated for
any doslred flight ilach number and altitude by the following
method: .

The ambieont tomperature is multiplied by the system
temperature ratlo to obtaln the temwerature of the ventllating
alr entering thc cnaclosurc. The differcncc between the énclo-—
sure ambicnt tomperature and the enterlng ventilating air
temperature ls then the teaperature dlfference avallable for
cooling tho enclosure. ilultlolicatlion of the tomperature
difference by thc term Wbp giveas the cooling cepaclity of

the system in terms of Btu per seconde.



NAGA RI. Fo. ~7COL OSSR 29

2e

REFERZIICES
E 2
L
Bailey, Hell P.: The Thermodynamics of Alr at High

Ve%gcities. Jour. Aero. Sci., vol. 11, no. 3, July,
19k,

Kantrowitz, Arthur and Donaldson, Coleman &uP.:
Prelirinary Investigetion of Supersonic Diffusers.
TACA AGR Ho. LBD20, 1945,

Bromoacker, W.G.: titude—Pressure Tables Based on the
Unitad States Standard Atmosphere. HACA Rep. No. 538,
1935.



" /—rz),ezxaff LOAD

L)

POOLY ‘OR WE YDV

’
1
1
— | WEATILATING AR
AN AT —_
. —_— : | TO ENCOLOSTLEE P _? ¥
! I
7‘\ ! ! !\ COnt I ESAOR
A LLER . /(" e
U BINE — m et
=7 | | 1 | oAtk ATZAE AL
PR oy va LAY A/, lo : gu = |\ ;A/_Lm”o_r -
EATIONAL ADVISORY QOMMITTEX /7/\: ! | \
' YOR ARROHAUTIOS P AN A
, AVTEONALLY COOLID
1 .}Z ‘T I COOLETAT
1
——t—r—] SSTE N T
AST AL : : | VEAT AL AT AL
I -
—_— \ | | : TE ENCLOSTEE
J [ I [ ¥ 1 P
‘_? Sladial L FLAEBING L OAD 9
s INTEENALLY CCO0LED TN y ‘
h N T OO LT
YL TEAMZ |
LA/ AL 1
LAN AL I
—_— AN/l Ay
TS ENE
P
LY

e i
i
]

{ 1? r___ %A/.‘; TP AE SNTEECODLEL 3

—_—— ; y, —r— YO Y VI Y
AT ALK : L I VAT 2 AT AL

AYA FO EACAL A ORE AR -TO AR TNTELCOILLE

—e e 1 | ‘l !
f ‘\ L THETINE
s CODLING AL
ce roe LAT CA AT FE

S TEN
() LWL OGO EOCLING SIT 7l S L T ANGTE .

ATGLEE [~ SCHEN AT € DIA GRANS B~ WL DS
CODLINGF S YLTLEAS

1
1
AN
‘\ AN e TINE

COCLINS o 1A
LS &

SISTEAT B

(8) Enrce Oro e COCLING SYUTENS EALE,

ATEL e [~ (ONCLUDED,

|
I
|
! Fenlg A2
VT AL LAN A/ = | MENTYL A TENE AR
P 2% T/ﬂ , :l ;——r {F JJ‘, | o i o
———— |
...—f“—\—:E , /{

T %t



NAQA Ri No. ATQ04 m Figs. 3,3

2 ——
N \\
¢ N
1
§ \\
NS
N
g =
N .
- RS
Yy
N =
N ™
§ < NATIONAL ADYIBORY COMMIYTEE [~
N TOR AEZRONAUTIOB [~~~
ozo s 2o s

L5 i A X
FRICHT A e X///M.&sx', A

Lo UL L — NIAXS AP TAT CONPLTELD SLPUERELONIE DY EELI S ERT LTSS LAY
WITH ALLOWANCL FOE FRLESSLEE LOSS [N SHESrONIC POETION G~
PUEE LSS AL A LA ECTION OF LIGAT AACK NUAITER. ALAXIATLAC
LCESELLNENLET COMWTUTELD FACOA BT O ELEAECEACLE 2.

2000
1T
T
ooo \—AA.(WAEI ;;;j-paﬂ.‘ %?é/
| R B i PV
Al %\\._;’2,; PP eV
& 7
W w0 RN B /////,7
R WA
4y % ey &4
%;ao ,\/‘ ,//f
{ A ,/ L\
§ 200 /;/ ,/ //
\ - /// 7//
¥ LA
N 7177
X 7 7
Q /
¥ 7
N s /
//
/
do j
P-4 A J.f

&0 P SO
FLRIGH T Ay ACAISSHE, AL
FGHEE T~ ALLAT/ON TZETIEEN FZYAT AAH NIHBER, ALTTIE

AND STAGNATION TEASPECATVEE FAE NACA 7anvae0

ATACOIAAELE . IR



NACA RM No. A70C4

m Fig.- 4‘5
§z£.=,
Ny I I 7 T A I A/ A 7_'—_" %
% @0;7 ué)/ / / / L.a-u LEVEL mELTVEE
N N Ly |
% y K c/ / [
¥ o & y/ K/ o5
N JE00 7 / 2 ) D OO ST ALTITVLE PEES O
3 A1~ ¥4 %
N /m:.\ /T 1T ] I A R N ] _a = i |
N /Y / 205
§ oy ! / //V
s oo / / / ) / [ posorTairmss meareE
R Y — 3~ F S+ —— 7 F - F+F o —=
\ o0 A // f/ A —
L A % 0 % 0 I o ) s O O A e
\! 74 4 -
% ,_,,,/ /////////
//
e - /f-f 2.0 . J[-f -3

A Fo
FLrgirr Mack ANnrsse, Az,
IS LEE A~ LNECL QI UE SAELS LRI ZATION OB THASNATLE TV S Of AR LSS LE AL

A FUNCETION OF FLIGA T ALTHTLLLE AND Mach/ NUATEER . gantONAL ADVISORY OOMMT
LU CT EFFHAEAC Y TAKEN IO 7. 2. FOR mg?mfrgas TIER

2o /
4

Vs

yd

Lf /
|

OVES AL L TEANPEEATVES FATZO, Ty /7

L2
—
]

_—

ro

P i< AE A X&

2z Z.G o
Fergatrz Aack Nears=e, AZ
g L B~ OVERALL TEMILA AT L CRTVD O FEATILATZNVG A/E ~OE
S TEN L AL A CYNCTION OF FLIGA T Y EA SGMETER. 7Y CENE AL/ AEA T/
EFFICIENCY SO } PUCT LFFFAENCY TARLN FEOM F7§. & ; LML GELE FEES ~
TYELE LFOURL 7O AMEUEN T FTATHE JRES L



CUEBALL FEAEAEATUEL EATID, 5 7

COMPEES SO PEESSUEE LATI, RS E

NAOA RM No. A7004 Figs. 6,7

v
2.0 // —
L ; O /
yzs Cwez- 2 p
\ ‘ % el é//
VA '_-'g / ,/ / ‘//
millr S
“ ' = it St
/ /
4o L L— /// //
-/
N4 T = // /4/
L1 /
= L P
/ ] )
P
/
//
Z =
se rS 2.0 P Lo [ A #$o
FLrga7 Adcsy Nsedee, M
I LCE 6.~ OUEAALL 7E AR TIEL LATHD O VENTIEATING AT Foe SIS 7L7Z
AS A AL TION OF FZAFAT™ A NEHILAT AND BATHE QS NEAT AT TLAT>
ED FY INTELCOOREN 78 oL STHEEANT ST CONTEN T LA CLAU
FEES S LOE EQUAL T AMT/EN T STATVE SCES S GAE f TUAINE APIATATIE
LXK LEANE Y, 80 Yo ; DUET LHH7 CAENCY TALER 0Ny ~7. 2.
/ [~
E 24 |
/
L~ /
Lo
padd
/ /
/ i
5
z NATIONAL ADVISORY GOMMITTEL
FOR AERONAUTIOS
2.0 /
7
"J;_ o prd 2.0 LT Fo S ”.o

Ferg47 Afacss NYArIEE, A

/"‘/;//eE 7= CONP LS O LS T CE CdTVO A A ALA 7N O
AALLEAT A NN TER o SIS 7 DD, EACLOSIEE
PPEE S LEE £l 7O “BASEIEN T SRV EC AL S LA e OSSO
AP/ATAAT/C EFFSCSENC Y, 797 z FTLELINE AL/ALLT7E E/?“Af/f”(‘)f S 2e ¥Fi
SATE L COOLEE LSFECTAEZ=NVETS, P2y z BT EFE/EA/EAC Y TACEN FE&OAS

. 2. Ty



TAGL BY Yo. 4700¢ W Tge. 8,9

A8

L&

Le£

£E

L~ WATIONAL ADVIEORY GOMMITTIE
P FOR ATLROFAUTIOS

OVt il 7EAPLELEATUELE £A77O, 73 /7

|_—]

A4

/7

-7

Lo

~S ' L

2.0 Lz
FLrgh7 Sacty NUAESE, A,
L Ig o B~ Clstsll FTEARPEL R TUEL LATVO O VENTZLATING A&  Fae
SI7TEN T AS A LLNCETON O FL/S A7 M NOATIER, ToEE/NE

ALIABATYE ELFHAEN Y] FO2E ; COATFRLS S OE AL ATATVE EFFH/EAEY
TO2E p NTECCOOLEME EFFUECTIVENESS PO2% ; DNT S/l ETNCY

TREES AONT ArGgLeE 2,
7 T F
VA / /

avavi

770 R/
S

/8 AVIViINE /1]

b
D)

/
/ /’ //// / // / //
/

R AAAV. . /7 N // //
NV IAA N AL NA L/

A
VOO SUVAV.E AN AV.AVS
A

CONIEETSOC PEE/TIEE £A
N N
(Y L\Y

ﬁ// /7///jﬂy
VA T LT

L5 2.0 2.5 Jo “c
L rg T A NGAvZER, A,

S Cm CONMFEESS OE FRLISLEL EATZO FE Sy7rEpnt L AL A FLNCETIN
OF £ZIgHA T NIACH NCAITER AND CATFVE OF VEAT AFSTEASTEL &
N ITLEAD COOLER TO LML STHLANS SUEAT CONTEN T LN EL OSLEE
FEESSLCE EPUAL TO ATV EN T STRTVE PCESSLELE f TUESNE AL/ ATATE
LS ELENC Y, B8OV ; COAFFIEESSOE ALATATIC EX7IESENCY, 7095 ; PECT
ELLERSENCY 7ALN ~OHN A5, 2,



Corrrerron PRESUCE FAT0, B /7

OvEE asl T IEEATUES EA770 7T Ty
™

NACA FM No. A7004 Figs. 10,11

N

N
X

™
[

= // /‘// §
zo A el
Y, 2.0 _—1 EATIONAL ADVISQRY GOMMITTEE
w22 \ // ] TOR AERONAUTIOS
so o> e
. G -
o ei/ =
|
"]

Py /r/

b

L2

&

NA N S / /

AAVavAR/AW VAN,

o

-~

VvV AV RVIRaY
/

Q

/

/ /|
dZ4nvinan e
/ ,
(L

AN
hANANAN

/L A 1A /

|/ ARViR/AN|

Lo

~s X -*.c

<o 2.5 Zo
ALrgh T Afack Non?FEE, M

FGE fO.— ONERALL TEASZEE ATLELE CATSO BF ViEATILATING A& FOL

Sy L AL A4 FUNETION OF o/ FAT AP A NCAPTEE AND LR74O O
AT GBS TEACTED B INTEL COOLLEAT TOAELEL STHREAN A EAT CONZZATT
LN CLOS UVEL SOoEES s Ll EFAL 7O AMMIENT S7HTVE FEESSLAE], FLCFVNGE AL/ ATAZ/C
ERERAENE Y, 5O o COMPELET S O ADIATATIE LRFTELENEY, TO2 [ BIET S8 UNES
TALEN FEOAS A7E. T .

~

id

£S5 X o

2.0 25 X
FLIGHT Arlachk NUA7TEL, Ny

F75UEE M~ COAPPELS S OE FHLESTUEE LATVO AL A FLNETION O~ FLIGHT
A AP N LAATLAT AN WEAFA T ATV OF ALHLLIAECY COOLING 47E
TO HEANTILATING AR SO SIS TEME. LACUDSUEE fHELSILEE E£PLAL
FO ARATIEN T _STATTE SEESSIRE ; COIMPUELS SO ALIATATIE LXFLCLENCY 70 2%
FLETINGE AL/ AFTATV/E EFFVC/ENEY FO Y% ; /N TELECOOLEAR LT NVENEST, e
BLET ™ EFA S CAENE Y TALEAL A CAY F/ﬁ#.ef =Z.



DrEsas s, TEAREEITHEE LAT70, g ST

Ly

£0

/ /—/.ﬂ
//—/if

’?

/ /A;—z.a ) 4 //
I\\/\ / /// //////
\\\\ 744/ | é/ WATIONAL ADVISORY QOMMITTER
N

“o

s L.

.5

So

&£

L5407 MAck Nuansre, Ad,

7.0

"OF MY YOYA

P00LY

SPELEE 1L~ ORHALL TEAPELATUES CATIO OF VENTILATING AN A
STy T Ar 4 FINETION OF FZIGHT MACHA NIMIER A2
WELGHT ATVO OF ALX/LL SALY CODLINVG A 7O VEANTILATING AL,
LWL OTUL FIOLTTINE LEPLAL TO AWIIEN T STATIC PSS URE ) COMANLLTIE ABALA -
TIC EFATCUENCY, X 3 FUEFINE ADATA 77 LFR A AN Y O %y INTELLOOLLR 7T~
NETL, PO X DT EF77crENT Y THAEN FEON ~7F. 2,

21 ‘34



j__3117601434 4130

L.



