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ANATYSIS OF EFFECTS OF INLET PRESSURE LOSSES ON PERFORMANCE
OF AXTAL-FILOW TYPE TURBOJET ENGINE
By Newel| D. Sanders and John Palasics

SUMMARY

The experimentally det er m ned performence characteristics of
an axial-flow turbojet engine have been used to estimate the
effects of inlet total-pressure [ osses on net thrust amd specific
fuel consumption at a constant engine speed.

At |low altitudes and flight Mach numbers, i nl et pressure
| osses cause an inecrease in engine di scharge temperature and it is
possi bl e that the meximm al | owabl e turbi ne temperature nay be
exceeded. An inlet absolute total-pressure loss of 10 percent
Wil result in a thrust | oss of 14 percent and a 15-percent
increase in specific fuel consunption based on net thrust

At hi& altitudes and flight Mach numbers, choki ng conditions
exi st in the exhaust nozzle and the inlet pressure |osses do not
affect the discharge temperatures. Under these conditions, a
| o-percent loss ininlet absolute total pressure produces a
22-percent loss in net thrust and a lé-percent i ncrease in specific
fuel consumption.

| f the exhaust-nozzle-outlet area is adjusted to conpensate
for the effect of inlet | osses on discharge tenperature in the
nonchoki ng cases (low altitudes and Mach numbers), the thrust and
fuel consumption will be changed in 2 mamner simtlar to the results
obtained in the choking cases

INTRODUCTION
The losses in the inlet air ducts, the diffusers, and the
de-icing equi pment associated with turbojet engine installations
cause a reduction in the total pressure at the inlet of the engine

and result in reduced thrust and increased specific fuel consumption.
An anal ytical evaluation of the effects of inlet |osses on
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t he net thrust and the fuel economy of an axial-flow-compressor
type turbojet engine with a two-stage turbine is presented herein.

The analysis is based on engine performance characteristics

that were determined from experinments in the NACA Ceveland alti-
tude wind tunnel (references 1 amd 2). The experinental investiga-
tion did not include tests in which inlet |osses were systematically
varied, but the effects of these |osses can be accurately estimated
from the experimentally determined performance characteristics of

the engline.

SYMBOLS
The followlng symbols are used in this report:
area, square feet
velocity of sound, feet per second
di scharge coefficient
fuel-air ratio
j et thrust, pounds
accel eration of gravity, 32.2 feet per second per second
flight Mach nunber, V/a
engine speed, rpm
total pressure, pounds per squere foot absolute

static pressure, pounds per square foot absolute

Vo
dynamic pressure, %E_’ pounds per square foot

gas constant, 53.4 foot-pounds per pound per SR
totel temperature, Or

velocity, feet per second
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W  mass rate of air flow through engine, pounds per second

y ratio of specific heats

6 rati o of conpressor-inlet total pressure to StatiC pressure of
NACA standard stmosphere at sea level

2] rati o of compressor-inlet absol ut e total temperature to
absol ute static tenperature of NaACA standard atnosphere at
sea |leve

p density of air, pounds per cubic foot
T engine total -tenperature ratio, Ta/‘rz
Subscri pts:

0 anbi ent or free-stream conditions
1 nacel l e Inlet

2 compressor | nl et

8 exhaust-nozzle outlet

~ The data were generalized to NACA standard sea-level condi-
tions by the foll owi ng peremeters:

¥/ 6 corrected engine speed, rpm
W/ 6
LA

correctedairfl ow, pounds per second

ANATYSIS

Inlet |osses influeq?ethe turbojet engine in three ways: The
total pressures O%% the engi ne are reduced and consequent |y
the total pressure of the Jet is reduced; the tenperature of the
Jot must be increased to meintain constant englne speed; and the
air flowis reduced approximately in proportion to the reduction of
air density at the engine inlet. Wen the pressure ratio across
the exhaust nozzle exceeds the choking value, the temperature and
pressure ratios across the engine are independent of the inlet
losses. In the anal yses that follow, different nethods were used
for calculating t he nonchoked (subsonic jet vel ocities) and choked
cages. In all cases the engine speed was hel d constant at a value
of 11,500 rpm.
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Nonchoked exhaust nozzle. - The turboJet engi ne was treated as
a punp for raising the total pressure and tenperature of the air
and t he gas-fl ow characteristics of the engine were natched with
the gas-flow characteristics of the exhaust nozzle.

Engi ne characteristics were determined from altitude-wind-
tunnel investigations (references 1 and 2) and are shown in fig-
ures 1 and 2. The effect of the paraneters of altitude, corrected
engine speed, effective inlet-pressure ratio Pafpo, and exhaust-

nozzle-outlet area On the rel ation between tenperature and pressure
ratios across the engine is shown in figure 1. The corrected
engine speeds COrrespondto a fixed engine speed of 11,500 rpm at
the selected flight conditions. The variation of corrected air
flow with corrected engine speed for altitudes of 15,000 and

25,000 feet is shown in figure 2.

The air-flow characteristics of the exhaust nozzle were cal -
cul ated from the equation

_78+1
2gy 2y 7
WG _ 8 2116 1 P_e(ﬂa_) (___) 5 .
CaAgd 7e-L)R /519 (1+¢/a) VT Pz \Po Po

(1)

The relation expressed by this equation is illustrated. in
figure 3, in which engine pressure ratio PB/PZ is plotted as a

function of tenperature ratio ¥ for a series of values of
compressor-inlet corrected air flow per square foot of exhaust-
nozzle-outlet area and for various values of affective inlet
pressure rati o Py/py-

The fl ow reguirements imposed sinultaneously by the engine
characteristics and the nozzle characteristics are satisfied at
the intersection of the corresponding curves in figures 1 and 3,
respectively. In the thrust computations, val ues of engine Speed
(11,500 rpm), altituag, glight Mach nunber, and inlet absol ute

12
31
was cal culated and the corrected airflow to the engine was read
from figure 2. The curve in fi gure 3 correspondi ng to the selected
effective 1 nl et -pressure ratio, exhaust-nozzle-outlet area
(1.27 sq ft), and nozzle discharge coefficient (0.99) was

total -pressure toss were assuned. Corrected engine speed

LYs
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superinmposed on the curve in figure 1 corresponding to the calcu-
lated corrected engi ne speed, and the pressure and temperature
rati os across the engine were found at the intersection of the two
curves. The equation used for calculating Jet thrust is

F,=W

2R 8
J 3 78-T

Choked exhaust nozzle. -Wen the pressure rati 0o across t he
exhaust nozzle was greater than the choking value, the air flow and
the pressure and tenperature ratios across the engine were a fume-
tion principally of t he corrected engine speed and varied only
slightly with altitude and effective inlet-pressure ratio, as shown
by the results of wind-tunnel i nvestigations in figures 4 to 6.

The val ues used in the analysis were taken fram t he dashed curves
in these figures at t he corrected englne speed correasponding to an
actual engine speed of 11,500 rpm at the selected altitude and
flight Masch number. The jet thrust was caloulated from the follow-
ing equati on, which is appliceble t 0 & convergent nozzl e

7'8+1
2(r.-1) | ]
BT, [/ +1 ¢ -
F,o= WA/ (o N N, (3)
J 758
—T8
78+J( =L
AN _
DISCUSSION

Results of the analysis are presented as the | 0ss in net
thrust and the incresse in specific fuel consumption based on net
thrust that accompany t he varying | 0ss in inlet absolute total

. P_-P
pressure. A chart for converting ram-pressure recovery ( - ;-o 2)
to inlet absol ute totel-pressure | 0ss is given in figure 7 for
flight Mech nunbers up to 1.0.
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Nonchoked exhaust nozzle. - When the exhaust nozzle was not
choked, & loss Of | nlet absolute total pressure reduced the | et
t hrust in proportion t 0 the reduction in air flow and the reduction

7E-l
P
inthe pressure-ratio function ’\l - (5’82) 78 , and increased the

Jet thrust in proportion to the increase in the sguare root of t he
over-ell tenperature ratio. As an exanple, the effects of a
| 0-percent loss in inlet absolute total pressure at aflight Mach
number of 0.4 and an altitude of 15,000 feet are shown in the

followng table:

Pressure ratio, Pg/pg, noloss . . . . . . . . .. . .. . 1675
Tenperature ratio, Tg/fp, mo loss . . . . .. . . . . . . . 2.62

Percentage change caused by 1lO-percent
i nl et absolute total - pressure loss

Preasure-ratio reduction, percent . . 6.0
Temperature~ratio i ncrease, percent . 6.3
Reduction of net t hr ust per unit

rate of eir flow, percent . T N 0
Air-flow reduction, percent . . . . . . . . . . . . . . . . 10.0

The pressure-ratio reduction isonly 6 percent because the pressure
rati o across-the engi ne increases with increasing temperature ratio.

. .. . - The relation of thrust loss tainlet absolute total-pressure
" “loss was apyroximately linesr (fig. 8). The change in temperature
_ratio T acrosa t he engi ne? as t he inlet losses inoreased are indi-
cated ON t he curves. Ifthe exhaust-nozzle area \ere selescted t 0

gi ve maximuwm thrust W th no inl et losses, the inl et losses woul d
ceuse the temperature to rise above the maximm al | owabl e val ue.

Choked exhanst nozzle. - When & choking condition existed in
t he exhaust N0Zz[ €, inlet losses N0 longer caused AN increass. in
t he over-all temperature ratio and there was no longer an increase
in thrast from increasing temperature and pressure rati 0 acroas t he
engine to partly offset the effects of | nl et pressure and air-flaw
losses. For exanple, at an altitude of 15,000 feet and a flight
Mach nunber of 0.8, choking conditiomsexi sted; and the effects of
a 10-percent logs of i nl et absolute total pressure are shown in the
followng table:

947



NACA RM No. E8J25b 7

Pressure ratio, Pa/po, no lose . . . .. . . . . .. l1ls84

Per cent age change caused by 10-percen'b [ nI et
absol ut e total-pressure | 0se

Pressure-ratio reduction, percent . . . . . . . . . . . . . 10.0
Reduction of net thrust per unit

rate of airflow, percent . . . . . . . . . . . . . . . «14.0
Air-flow reduction, percent . . . . . . . . . . . . . ... 100
Net-thrust reduction, percent . . . . . . . . . . . . . . . 22.5

The thrust loss was approximately proportional to the inlet
absolute total-pressure loss, as shown in figure 8 for flight at an
altitude of 15,000 feet end at Mach mmbers of 0.4 and 0.8, The
departure from proportionallity at the higher Mach mumber when the
Inlet absolute total-pressure loss exceeded 10 percent resulted
because t he pressure at the exhaust nozzle fell bel owthe choking
val ue and some increese in temperature accompanied increasing
| osses.

Specific fuel consumption. - The specific fuel consumption is
inversely proportional to the thrust perunit rate of air flow and
directly proportional to the fuel-air ratio. The fuel-air ratio is
proportional to T- 1l. At au altitude of 15,6000 feet end a Mach
number of 0.4 (fig. 8, nonchoked nozzle), an inlet absolute total-
pressure loss of 10 percent reduced the thrust per unit rate of air
flow by 4 percent, but a 6.3-percent increase in tenperature resulted
in alo-percent inocreese|n fuel-air ratio. The over-all increase
i n specific fuel consumption wes t herefore 15 percent.

Wen the englne is choked at the exhaust nozzle, inlet |osses
cause increases i N specific f uel oconsumption purely through t he
reduction of thrust per unit rateof air flow In the choked case
previously mentioned (altitude, 15,000 feet; Mach number, 0.8), a
| 0- percent | ose of inlet absol ute total pressure reduced the thrust
per undt rateof air flow by 14 percent and the consequent increase
I n specific fuel consunption was 16 percent

=1+ speoific-fuel-consumption increase) The

(1 - thrust 1 0SS
cl ose agreenent between this val ue of 16 percent and the val ue of
15 percent for the nonchoked case is coincidental .

Curves showing t he specific-fuel-consumption | ncreases cor-
responding to the thrust | osses are also glven in figure 8.

Effect of flight Mach nunber. - Changing the Mach number
influencedt he rel ation between thrust loass and inlet absolute
total-pressure loas principally through the effects of Mach number
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on choking at the exhaustnozzle. In figare 8, increasing the Mach
number from0.4 to 0.8 resulted in an Increase of thrust loss from
13.7 percent to 22.5 percent for au Inlet absolute total-pressure
loas of 10 percent. At a Mach number of 0.4, the pressure in the
exhaust nozzle was well bel ow choking; and at a Mach nunmber af 0.8,
choki ng occurred in the exhaust nozzle. Flight Mach number had
relatively little effect on the increase | n specific fuel consump-
tion f Or a given inlet absolute total-pressure loss f Or the condi-
tions of figure 8,

When choking conditions existed throughout t he ranges of
flight Mach number under consideration, the net thrust decreased
very slightly with increasing £light Mach mumber (fig. 9).

Effect of altitude, - Increasing the altitude of operation of
a Jet engine and holding t he engine speed constent results in
increased corrected engi ne speed, Increased temperature ratio, and
increased pressureratio. As the pressure ratio approaches choking
i n the exhaust nozzle, the thrust | osses accampanying | nl et pres=
Sure losses become more serlous, as previously noted. Increasing
the altitude from 15,000 to 25, 000 feet resulted i N an increased
effect of inlet absol ute total-pressure loss On thrust. This
ef fect and the | ncrease in specific fuel consumption, which 1s
greater at en altitude of 15,000 feet than atzs,ooofeet, are
shown in figure 10. This greater increase at the low altitude
resulted fromagreater effect of Inlet loss on tenperature ratio
aud aconsequently greater increase in fuel-air ratio. At alti-
tudes above 25,000 feet, the pressureratio across the exhaust
nozzl e exceeds t he choking value and altitude has only a very small
effect on the thrust |oss and t he specific-fuel-consumption

incresse.

Constant_temperature and variable Nozz| e area. - In cases
where the inlet [ 0sses have beeneval uated, the airereft or engine
desi gner shoul d so select an exhaust-nozzle-outlet area that the
maxi num al | owabl e tenperature will be obtained at maximm al | ow
abl e engi ne speed. \Wen the exhaust-nozzl e area i S adjusted t 0
hol d constant tenperature, inlet | osses will affect the thrust by
reducing the airflow and the total pressure at the Jet nozzle.
Consequently, the | oss in thrust eccompanying | nl et absol ute total-
pressure | osses will be similarto the | 0Sses incurred When the
englne 1s Operating at choking conditions. A lO-percent loss Of
inlet absolute total pressure will produce a thrust | oss of
approxi mat el y 22 percent and an increase in specific fuel condump-
tion of about 15 percent.
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Sumrery of thrust and fuel consumptions. - The loss in thrust
and t he increase I n specific Tuel consumption accompanying inlet
absol ute total -pressure | osses are summarized in figure 11 for the
flight conditions indicated by x in the followi ng table. Data
for conditions narked by O are given in other figures.

Flight Altitude
Mach
number 0 15, 000 | 25, 000 | 35, 000
0 X | | e e
4| = 0 0 |---1--
8 | ~=-a- 0 0 | ecama-
1.2 | ===== X X x
1.6 W - m - 0 x

The variation of | 0SS in net thrust and increase in net thrust
specific fuel Oonsumption With rem-pressure recovery i s shown in
Tigure 12 for au altitude of 15,006 feet and flight Mach nunbers of
0.4, 0.8, and 1.2.

SUMMARY OF RESULTS

The following results are applicable to the 3000-pound-thrust
axial -flowturboj et engine investigated at fixed rotational speed:

~ 1. The thrust |oss was aprroximately rroportional to t hel088
of inlet absolute total pressure.

2.Wen the pressure ratio across the exhaust nozzle Was less
t hen choking val ue, a | o-percent loss of Inlet absolute total
pressure resulted in epproximately ld-percemt | 0SS of net thrust
and 15-percent i ncrease in specific fuel consumption. The dis-
charge t enper at ur e mey increasse above maximum alloweble value.

3. Wen the pressure ratio across the exhaust nozzle exceeded
t he choking val ue, a |o-percent loss in inlet absolute total preas-
sure resulted i n approximately 22-percent | 0ss in thrust aud
16-percent increase i N specific fuel consumption. The discharge
temperature di d not change.

4. When the exhaust-nozzl e area wes adjusted so that the dis-
charge tenperature had t he maximum al | owabl e value at eachval ue
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of inlet pressure loss, the changes in thrust and specific fuel
consumptionaccompanying inlet pressure |osses were simlar tc the
changes when the engi ne was operating at choking conditions.

5. Changes of altitude snd £light Mach nunber influenced the
relation of thrust amd specific fuel consunption to inlet pressure
| oss through the effect on t he choking condition in the exheust
nozzle. At low altitude and Mach number, t he pressure rati o across
the exhaust nozzle was |ess than the choking value; at high alti-
tudes and Mach numbers, the pressure ratio was greater than the
chokingval ue.

Iewis Flight Propulsion Laboratory,
Nat i onal Advi sory Committee f or Aeronautics,
Cl evel and, Ohio.
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