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RESEARCH MEMORANDUM

EFFECT OF DESIGN COMPRESSOR PRESSURE RATIC ON PERFCRMANCE OF
HYPOTHETICAL TWO-SPOOL NUCLEAR-POWERED TURBOJET ENGINES

By Jemes F. Dugan, Jr.

SUMMARY

Hypothetical two-spool nuclear-powered turbojet engines with sea-
level static design campressor total-pressure ratios of 20, 15, and 9
and total-pressure losses between the inner-spoocl compressor exit and
turbine inlet of 10 and 30 percent are considered. Bach engine op-
erates wlth the outer-compressor mechanical speed fixed at 1lts design
value and the inner-turbine inlet temperature fixed at its design value
of 2160° R. Performance with chemical afterburning at 3500° R and with
the afterburner inoperative is calculated for flight Mach numbers of O
to 0.9 at sea level and 0.9 to 2.32 in the stratosphere.

The following resulis are for the engines with a constant 10-
percent total-pressure loss between the inner-spool compressor and
turbine. For operation with the afterburner inoperative, the meximum
equivalent net thrust for the 9:1 pressure-ratioc englne is sbout 30
percent grester than that for the 15:1 pressure-ratio engine, and 51
percent gregter than that for the 20:1 pressure-ratio engine. At each
flight Mach number, however, the higher-pressure-ratio engines have the
lower values of specific power (ratio of reactor power to engine net
thrust) and require the smaller ducts downstream of the compressor exit.

For operation with afterburning at Mach 2.32, thrust for the 9:1
pressure-ratio engine is gbout 8 and 18 percent greater than the thrust
for the 15:1 and 20:1 pressure-ratio engines, respectively; whereas the
specific fuel consumption advantage of the 9:1 engine is gbout 8 and 16
percent, respectively. Speciflic power, however, for the 20:1 pressure-
ratio engine is about 25 and 41 percent less than the specific power
for the 15:1 and 9:1 pressure-ratio engines, respectively.

UNCLASSIFIED
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INTRODUCTION

The selection of the design compressor total-pressure ratio for a
turbojet engine depends on many factors - such as, the allowable tur-
bine inlet temperature, the attainable performsnce of the turbojet com-
Ponents, the assigned mode of engine operation, the anticipated renge
of flight conditlons, the size and weight of the engine components, and
the equilibrium and translent performance of the engine over the full
range of operation. The purpose of this report is to estimate the ef-
fect of design campressor total-pressure ratio on the equilibrium per-
formance of hypothetical two-spoal turbojet englnes. )

Two series of two-spool engines are vomsidered: The first series
is characterized by a 30-percent total-pressure loss between the inner-
spocl compressor and turbine; the second series, by a 10-percent total-
pressure loss. For each series, the sea-level static design over-all
compressor total-pregsure ratlos are 20, 15, and 9, and the design
value of the inner-turbire inlet temperature is 2160° R. These values
of pressure loss, compressor pressure ratlo, and turbine inlet tempera-~
ture are realistic for g direct-air-cycle type of nuclesr-power alrcraft
engine.

The campressor performance maps of each engine are obtalned ana-
lytically by the procedures discussed in reference 1. Each of the tur-
bines is characterized by constant inlet equivalent weight flow and
constaent efficiency for all engine operation. The pumping characteris-
tics of each engine are cobtalned by matching the compressor and turbine
components for & specific mode of operation in which inner-turbine in-
let temperature and cuter-compressor mechanical speed are held constant
at their design values for all flight conditions. The advantages of
this mode of operation are discussed in reference 2. The performance’
of each engine wlth chemlcal afterburning at 3500° R and with the after-
burner inoperastive 1s calculated for flight Mach mumbers of 0 to 0.9 at
sea level and 0.9 to 2.32 in the stratosphere.

The equilibrium operating lines corresponding to the assigned mode
of operation and remge of fllght conditions are plotted on the campo-
nent compressor maps to indicate the variations in compressor efficiency
and the margins between the operating lines and the stall-limit llnes.
The performence of the gas gerierators (that part of the engine from the
outer-campressor inlet to the outer-turbine exit) is presented in arder
that performaence may be calculated for engined having inlet and exhaust-
nozzle characteristics different from thase of this report. The per-
formences of three engines, each with a design campressor total-pregsure
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ratio of 20, are compasred to indicate the effects of varylng the design-
pressure~-ratio split and of assigning the engine design point on the
outer-compressor performsnce map gway from the outer-compressor peak
polytropic efficiency point.

The performances of engines with the same percentage total-pressure
loss between the inner-spool compressor and turbine but different values
of design compressor total-pressure ratlio are compared to indicate the
effect of design compressor totasl-pressure ratio on the variations of
engine net thrust, specific power, and specific fuel consumption with
flight condition. The effect of percentage total-pressure loss between
the inner-spool compressor and turbine on engine performance is found
by comparing the performances of engines having the same value of de-
slgn compressor total-pressure ratio but different values of percentage
total-pressure loss. : :

METHOD OF ANATYSIS
Engine Design Conditions

The two-spool turbojet engines conslidered herein are characterized
by the followlng sea-level static design values:

Over-all compressor total-pressure ratio « « ¢« « ¢« o ¢« « « 9, 15, or 20
Outer-compressor equlvalent welght flow, lb/sec c o e o s o s « 100
Ratio of inner-turbine inlet total-pressure to inner-

compressor outlet total pressure . ¢« o4 ¢ ¢ « + ¢ « o o o« « 0.7 Or Q.8
Inner-turbine inlet total temperature, °r . « o+ s s s s s s = o 2160

Eight two-spool englnes are dliscussed in thls report. The engine
designations and the design values of outer-compressor and inner-
campressor total-pressure ratio are listed in the followlng teble:

Engline Outer-compressor Inner-compressor
desig- pressure ratio at pressure ratio at
ngtion engine design point | engine design point
20.78 4 5

20.7b 5 . 4

20.7¢c 4.185 4.779
15.7 2.857 5.250

8.7 2.857 3.150

20.9 4.185 4,779

15.9 2.857 5.250

9.8 2.857 3.150
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The engine designation indicates the deslgn compressor total-pressure
ratio and the totael-pressure ratio between the inner-compressor exit
and the inner-turbine inlet. For example, the engine designation 20.7
means the design compressor total-pressure ratlio is 20, and the total-
pressure ratio P4/P3 is 0.7. (The symbols used in this report are

defined in the appendix.) The letters a, b, and ¢ which follow 20.7
are used to distinguish three different pressure-ratio divisions between
the ocuter and the lnner compressors.

For poth engines 20.7a and 20,7b, “the éngine design values of
outer-compressor and inner-compressor pressure ratio were assigned to
coincide wilth the outer- and inner-compressor reference points. As
used in this report, the campressor réference point of a compressor map
is defined as that point at which maximum polytropic effliciency is
achieved. For both englnes 20.78 and 20.7b, outer-compressor surge wes
encountered before the full ranhge of operation was covered.

In order to permit operation over the full range of flight condi-
tions, a third englne with a design compressor total-pressure ratio of
20 was considered in which the outer-compressor engine design point
differs from the campressor reference point. In engine 20.7c, the outer-
compressor engine design point is at a pressure ratio of 4.185 and an
equivalent weight flow of 100 pounds per second, while the compressor
reference point (maximum polytropic efficiency point) is at a pressure
ratio of 4.472 and an equivalent weight flow of 97 pounds per second.

By shifting the outer-compressor engine design point to a higher welight

flow than that for the compressor reference point, the outer compressor

operates in a stable portion of its performance map over the full range

of fiight conditions. This 18 done for each of the remaining five two-

gpool engines; that is, the engine design eguivelent welght flow is 100

pounds per second, while the outer-compressor reference-point equivalent
welght flow is 97 pounds per second.

Mode of Operation and Range of Flight Conditions

For a particular flight condition, the operation of s itwo-spocl
turbojet engine 1s fixed by assigning two quantities, such as outer-
compressor mechanical speed and inner-turbline inlet temperature. In
this report, outer-compressor mechanical speed and inner-turbine inlet
temperature are assigned to be constant at thelr design values for the
full range of flight conditioms. Flight Mach number is varied from O
to 0.9 gt sea level, and from 0.9 to 2.32 1n the stratosphere.

Compressor and Turbine Performance

Each compressor map was obtalned in three steps: (1) The backbone
or line of maximum efficlency was found. (2) The stall-limit line was
found. (3) The lines of constant equivalent speed were found.

R
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To carry out step (1), the backbone characteristic curves of ref-
erence 1 were employed. In reference 1, relative backbone values of
equivalent weight flow, total-pressure ratio, and efficliency are plotted
against reference-polnt pressure ratio with equivelent speed as a param-
eter. To calculate the backbone values for a particular compressor, the
values read fram the curves for the reference-point pressure ratio are
multiplied by the compressor reference-point values of equivalent weight
flow, total-pressure ratio, and efficiency. The compressor reference-
point polytropic efficiency is assigned to be 0.30 for each compressor
map.

To carry out step (2), the stall-limit-line characteristic curves
of reference 1 were employed. In these curves, the ratio of stall-limit
pressure retio to reference-point pressure ratio is plotted against
reference-point pressure ratio for comstant values of the ratio of
stall-limit equivalent weight flow to reference-point eguivalent weight
flow. The stall-iimit line of a particular compressor 1s calculated by
multiplying the values read from the curve for the reference-point pres-
sure ratio by the reference-point values of pressure ratio and equivalent
welght flow.

To cerry out step (3), the constent-speed characteristic curves of
reference 1 were employed. In these curves, relative efficiency and
relative temperature rise are plotted against g relative flow parameter.
The lines of constant speed for & particular compressor performance mep
are calculated as follows: For each speed, relative values of flow
parameter are assigned and relstive vaelues of temperature rise and ef-
ficlency are read from the constant-speed curves. Absolute values are
calculsted from these relative values and the appropriate backbone
values. Compressor pressure ratio is calculated from the values of tem-
perature rise and efficliency, and compressor weight flow is calculated
from values of temperature ratio, pressure ratio, and flow parameter.
Each compressor map is assumed to be valld for all flight conditions;
therefore, any effects of flow distortion or low Reynolds number are
neglected. :

Each of the turbines is characterized by constant inlet equivalent
welght flow and a constant polytroplc efficiency of 0.80 for all opera-
tlon. The results of reference 2 show that, for an opereting mode
chargeterized by constant values of outer-compressor mechanical speed
and inner-turbine inlet temperature, the inner turbine operates very
close to its design point for the full range of flight conditions;
that is, inner-turbine inlet equivalent weight flow remasinsg constant at
its design value and inner-turblne efficiency verlies less than 1 per-
cent. The outer turbine of the two-spool engine of reference 2 operates
at its design velue of Inlet equivalent welght flow and near its design
value of efficiency for all flight conditions comnsidered. On the basis
of these results, the turbine agsumptions of thlis report are believed
to be good. ' ' o ;
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Gas-Genergtor Performance

The variations of compressor inlet equlvalent wel t flow .
wlq/el/al, compressor exit equivalent welght flow wz /55, compressor

temperature ratioc T3/Tl, engine tempersgture ratio Ts/Tl, and engine -
pressure ratio PS/Pl wlth outer-compressor equivalent speed No/ﬂ/sl

are obtalned for the aspecifiled mode of operation in which the imner- _
turbine inlet temperature and the outer-compressor mechanical speed are .
held constant at thelr design values for gll flight conditions. This - & -
mode of operation results in a unique relation between T4/Tl and A

N /q/ For each speed N /A¢ 17 the inner-turbine inlet to outer- _ __:

ccmpressor inlet temperature ratio Té/Tl is calculated Trom

)
) |

The variations of .wy 8/6,/8,, wzn/0:/8;, T[T , P /P, and T /T, with
o/q/ 1 are found by first matching the inner campressor and inner . et

turbine, and then matching the inner spool wlth the outer compressor
and outer turbine. - - - e

Inner-spool matching. - The performance of the lnner spool is found
as follows:

(l) A value of wzq/ /62 ‘is assigned at a particuler speed

N;/a/65. . -

(2) The values of Pz/P; and Tz/T; are read from plots of these
variables against wz\/ez/ﬁz, with Ni/q/ez as parameter. '

(3) The value of T,/T, is calculated from ~

Ty <W4;i€> (Ps) Py il

o= (2)
T2 wp 465

52
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(4) The velue of Tg/T, is calculated from

2.
Ts CP’ZG2

=1 - T, (3)

Ty L
°p,4 T,

If the value of T5/'I‘4_ from step (4) does not equal the design value,

steps (1) to (4) are repeated. The value of Tg/T, for all operating

conditions must be & constant equal to the design value because the
velues of Wy A8 /84:, Vg VL /‘55, and Tn, 5 &are assigned to be constant

for all operating conditions. When ‘I'5/T4 from step (-4_-) equals the
design value, the inner-compressor operating point is campatible with
the specified turbine assumptions.

Inner-spool performance is presented as plots of wg 4/92/82, T3/'I‘2 3
Pz/Pp, P5/Py, T5/To, and T,/T, =gainst N;/a/65.

Inner-spool matching with ocuter-spool components. - The inner-spool
is matched with the outer-spool components as follows:

(1) A value of wpa/65/8; is assigned at a particular speed

No/ 4/ .

(2) At this value of w24\/92/82, values of Ni/:\/ez, TB/TZ, PS/PZ,
P5/P2 B TS/TZ , and Té/Tz are read from the inner-spool performance
eurves. :

(3) A value of TofT; is read from the plot of TZ/T:L against

wo A6 /52: with N /'\/ as parameter.

(4) A value of TA__/T]_ is calculated from the values of T4/'I‘2 and
TZ/T:L' If this value does not equal that calculated from equation (1),
steps (1) to (4) are repeated. When the values of T,/T; agree, the

outer-compressor and inner-compressor operating points are compatible
with the assigned mdode of operation.

At each speed No/ '\/55, the value of wq ﬁ/&l is read from &
plot of 7wy N61/8; against wps/65/8, for constant values of N./a/6;.
The value of wxz ,fég/Ss is calculated from the values of wp -\/'9_2/52 B
T.’S/TZ » and P3/P2. The value of TS/‘I‘J_ is calculated from the values
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of Ty/T{ and Tz/Tp. The value of Pg/P; is calculated from the
values of Pp/P;, Pg/Pp, and Pg/Ps, where the value of Pg/Ps is cal-
culated from

Ts
TZ rs_l
—_— = 1
_P—S- =l1l - T5 (4)
°p,5 T, "5-6

The value of Ts/Tl 1s calculated fram the values of Tz/Tl, T5/T2,
and T./T., where TG/T5 is calculated fram

TS - TS - (=)

Compressor Operating Lines

Equilibrium operating lines are located on the outer- and inner-
compressor maps from gas-generator plots of Pz/Pl, wl\/ /51, 3/P2’

and w24/ 2/52 against No/q/ 1. The relation between outer-

compressor eguivalent speed and flight condlitlon for the assigned mode
of operation 1s found as follows: Engine inlet temperature is calcu-
lated from

T, =%

L=t (1 + I35 ) (6)

0
where tg 1s the ambient temperature at the speclified altitude and My
is the specified flight Mach number. (At sea level, tg 1s 518.7° R;

in the stratosphere, 390.0° R.) The outer-campressor equivalent speed
corresponding to the asslgned flight condition is calculated from

(

0

518 (7)

r) A

3909
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Engine Performance

Thrust, specific power, and specific fuel consumption (for chemicel
afterburning at 3500° R) are calculated for each engine over the range
of £flight conditions by the following procedure:

(1) For an assigned flight condition, the values of N /4/6; is
calculated from equation (7), and the value of T4/Tl is calculated
from equation (1).

(2) Values of wlg/el/sl, PG/Pl, and T6/‘.T.‘l are read from the
gas~-generator performance curves for the known value of No/q/el.

(3} Inlet total-pressure ratio Pl/PO is read from figure 1, which
is a calculated plot of Pl/Po against Mo for a variable-geometry

inlet having two adjustable wedges and a by-pass duct.

(4) The value of PO/PO is calculated from

1

————

L @

(5) Exhaust-nozzle pressure ratio is calculated fram

P, PO Pl P6 P7

Po Py Fo Py Fg

wvhere P7/P6 is assumed equal to 0.96 with the afterburner inoperative,
and 0.94 with afterburning.

(6) Jet velocity is calculated fraom

T7-l

2gRY 7 0 7
Vj = CV ?;—:—i T7 1 -G;;) (9)

where Tq = Tg fOr nonafterburning operation, Tq = 3500° R for after-
burning operation, and Cy = 0.96 for both cases.
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(7) Net thrust is calculated from

]

o = %[(l + £)V; - Vo] (10)

where wjy 18 calculated from values of w1]V61/51, Ty, and P,, and the
flight velocity i1s calculated from

Vo = Mo yTEES (12)

The fuel-alir ratio is zero when the afterburner ls inoperative. For
afterburning operation, the value of fuel-alr ratio for the afterburner
is found by using figure 2 of reference 3. Afterburner efficiency is

taken as 0.90, and the fuel i1s assumed tc have a lower heating value of -

18,700 Btu per pound and a hydrogen-carbon ratio of 0.175.

(8) Values of specific power (which is the ratio of the power added
to the airstream between the inner-compressor exit and the inner-turbine

inlet to the engine net thrust) in_kilowatts per. pound thrust are calcu-

lated from

1.055 w-(H, - Hz)
1\He 3
Bp = 5 - (12)
n

where the values of Hz and Hg are found fram the values of Tz and
T4 and the tsbles of reference 4.

(9) For afterburning operation, specific fuel consumption is calcu-

I 3309

lated from . . . . e

3600 f
sfc = W (13)

RESULTS AND DISCUSSION
Compressor Operating Idines

The varigtion of outer-compressor equivalent speed with flight con-
dition for operation at constant outer-compressor mechanicsl speed 1s
shown in figure 2. At sea level, as flight Mach number increasses from
0 to 0.9, outer-compressor equivalent speed decreases from 100 to 92.8
percent design. In the stratosphere, as flight Mach number increases
from 0.9 to 2.32, duter-compressor egquivalent speed decréases Tiom 107
to 80 percent design.
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Component compressor maps of the eight two-spool engines are shown
in figures 3 to 5, where total-pressure ratio is plotted against inlet
equivelent welght flow with equivalent speed and adiabatic efficiency as
parameters. On each map is plotted the equilibrium opersting line cor-
respondling to the assigned mode of engine operation. Four points are
noted on each operating line: DPoint A (the sea-level static design
point) is for Mach O at sea level or Mach 1,284 in the stratosphere.
Point B is for Mach 0.9 at sea level. Point C is for Mach 0.9 in the
stratosphere. Polnt D is for Mach 2.32 in the stratosphere. If Mach 2.32
is unattainable in a particular engine because of complete compressor
stall, polnt D' is used to note the intersection of the operating line
with the compressdy stall-limit line.

Engines 20.7a, 20.7b, 20.7c, and 20.9. - Cempressor maps of the

engines with a design compressor total-pressure ratio of 20 are shown
in figure 3. The outer-campressor performance maps of engines 20.7a
and 20.7b are shown in figures 3(a) and (b), respectively. For both en-
gines, the engine design point A coincides wilth the campressor reference
point (peask polytropic efficlency point). The variation of outer-
compressor efficiency and the location of the operating line with re-
spect to the stall-limit line are simlilar for the two engines. For the
particular compressor maps used, the equillbrium operating line inter-
sects the outer-compressor stall-limlt line at an equivalent speed
NO/N/EI between 80 and 90 percent design. The intersectlion corresponds

to a flight Mach number of 1.925 for engine 20.7a, and 1.972 for engine
20.7b.

The outer-compressor map of engines 20.7c and 20.9 is shown in
figure 3(c). The compressor maps and operating lines for the engines
with 1O0-percent totel-pressure loss between the inner-spool compressor
and turbihe are the same as those for the corresponding engines with
30-percent total-pressure loss. For engines 20.7c end 20.3, the engine
design point A was assigned at a higher equivalent weight flow than the
peak polytropic efficiency point (campressor reference point) so as to
permit stable operation over the full range of flight conditions. The
degree to which this compromise should be made will depend on the par-
ticular englne being considered. For engines 20.7c and 20.82, the engine
design weight flow was assigned to be 100 pounds per second, while the
compressor reference weight flow was assigned to be 97 pounds per second.
For the particular compressor maps used, this resulted in an equilibrium
operating line that intersects the stall-limit line at an outer-
compressor equivalent speed of 80 percent design (point D in fig. 3(c)).
If a greater margin between engine design weight flow and compressor ref-
erence weight flow were assigned, (1) the margin between the operating
line and the stall-limit line would increase at gll equivalent speeds,
(2) the equivalent weight flow at equivalent speeds N,/4/6; below de-

sign would increase, and 3) the compressor efficlency at the lower
equivalent speeds NO/ 6, would increase and that at the higher equiv-

alent speeds would decrease. The outer-compressor efficiency of engines
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20.7¢c aprd 20.9 is practically constant Fér sea-level operation (between
points A and B). For flight in the stratosphere, outer-compressor ef-
ficlency increases from 0.85 to 0.87 between Mach 0.9 and 1.28 (points
C and A), and decreases from 0.87 to 0.83 between Mach 1.28 and 2.32
(points A and D).

Figures 3(a), (b), and (c) show that the pressure-ratio split has
little efflect on the position of the operating line with respect to the
outer-compressor stall-limit line. A more effective way to separate
the two lines dis to design the engine so that the outer-compressor de—
sign equivalent weight flow is higher than the outer-compressor .
reference-polnt equivalent weight flow. '

The lnner-compressor map of englnes 20.7c and 20.9 1s shown in
figure 3(d). The operating line tends to parallel the stall-limit line,
with the result that considerable mesrgin between the two lines exlets
for the full range of flight conditions. Inner-compressor efficiency
is practlcally constant at 0.87 for the full range of flight conditions.
Inner-compressor maps for englnes 20.7a and 20.7b are not shown because
the full range of flight Mach number was unattainable.

Engines 15.7 and 15.9. - The outer- and inner-campressor méps of

engines 15.7 and 15.9 are shown in figure 4. As with engines 20.7c and
20.9, the engine design weight flow (fig. 4(a)) was assigned to be 3
pounds per second greater than that at the cuter-compressor reference
point. The margin between the equllibrium operating line and the
stall-limit line decreases as flight Mach number increases until, at
Mach 2.32, the equivalent welght flow dlfference between the operating
point snd the stall-liniit point 1s only 2.5 pounds per second. The
outer-compressor efficlency is constant at 0.88 for all sea-level coper-
ation. For flight in the stratosphere, efficiency increases from 0.86
to 0.88 between Mach 0.9 and 1.28 (points C and A), and decreases from
0.88 to 0.86 between Mach 1.28 and 2.32 (points A and D).

The inner-compresscr map of engines 15.7 and 15.9 is shown in fig-
ure 4(b). There 18 considerable margin between the equilibrium operat-
ing line and the lmner-compressor. stall-limit l1ine. For the full range
of flight conditions, efficiency is almost constant at 0.87.

Engines 9.7 and 9.9. - The outer- and inner-campressor maps of en-

gines 8.7 and 8.9 are shown in figure 5. As with engines 20.7c, 20.9,
15.7, and 15. 9, , the outer-campressor design welght flow (fig. 5(&5’ was
assigned to be 3 pounds per second greater than the outer-compressor
reference-point welight flow. The mergin between the equlilibrium cperat-
ing line and the stall line decreases as flight Mach number increases,
but even at Mach 2.32 the equivalent weight flow difference between the
operating point and the stall-limit point is 8.2 pounds per second.

3609
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Therefore, stable operation over the full ramge of flight conditions
would have resulted even 1f the outer-compressor design point and the
outer-campressor reference point were made to coinclide. At each equiv-
glent speed No/\/az, the outer compressor operates close to maximum

efficiency. Over the full range of flight conditions considered, outer-
compressor efficiency varies less than 2 percent.

The inner-compressor map of engines 9. 9.7 and 8.9 is shown in figure
5(b). There is considerable margin between en the equllibrlum operating
line and the inner-compressor stall-limit line. For sea-level opera-
tion, lnner-compressor efficiency is constant at 0.88. For flight in
the strstosphere, inner-compressor efficiency increases from 0.87 to
0.88 between Mach 0.9 and 1.28 (points C and A), and decreases from
0.88 to 0.85 between Mach 1.28 and 2.32 (points A and D).

Effect of design pressure ratic. - From figures 3(c), 4(a), and
5(a), it is seen that the margin between the outer-compressor equilib-
rium operating line and its stall-limit line 1s smallest at the highest
flight Mach number and that the margin at the higher flight Mach numbers
decreases as design compressor total-pressure ratio increases. The
likelihood of surging the outer compressor is therefore greater at the
higher flight Mach numbers, and this tendency becames more pronounced
as design compressor total-pressure ratlo is increased. For the range
of flight conditions considered, outer-compressor efficiency varies
4 percent for engines 20.7c¢ and 20.9, and sbout 2 percent for engines
15.7, 15.9, 9.7, and 9.9.

Figures 3(d), 4(b), and 5(b) show that the margin between the inner-
compressor equilibrium operating line and its stall-limlt line is ap-
precisble for the range of flight conditions considered; the effect of
design campressor total-pressure ratio on this margin appears to be
slight. The inner-compressor efficiency is practically constent for
engines 20.7¢c, 20.9, 15.7, and 15.9, and varies only 3 percent for en-
gines 9.7 and 9.9. Thus, this analysis indicates no serious problems
with respect to the inner compressor.

Gas-Generator Performance

The gas-generator performance of engines 20.7c, 20.9, 15.7, 15.9,
8.7, and 9.9 is shown in 1 e 6. The variations of compressor-inlet
equlvalent t weight flow wlqﬁel/sl (fig. 6(a)), compressor-exit equiva-

lent weight flow wzs/8z/0z (fig. 6(b)), compressor temperature ratio
Tx/T) (fig. 6(c)), and engine temperature ratio Te/T) (fig. 6(d)) with
outer-compressor equivalent speed No/ﬁfel for englnes having a 30-

percent total-pressure loss between the inner compressor and imnmer tur-
bine are the same as those for the corresponding engines having a
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10-percent total-pressure loss. Only the variation of englne pressure
ratio Pg/P; (figs. 6(e) and (f)) is different for the two serles of

engines. T _ o = - -

The differences in compressor-inlet equivalent weight flow (fig.
6(a)) among the englrnes are less than 1 percent at equivalent speeds
above design. At equivalent speeds lesg than design, engines 9.7 and
9.9 pass more equivalent welght flow than engines 15.7, 15.89, 20.7c,
and 20.9. At 80-percent outer-compressor equlvalent speed (correspond-
ing to a flight Mach number of 2Z.32 in the stratosphere), compressor-
inlet equivalent weight flow for engines 9.7 and 9.8 1s 8.5 percent
larger than that for engines 15.7 and 15.38, and 13.8 percent larger
than that for engines 20.7¢ and 20.9.

For a specified limiting Mach number in the duct downstream of the
compressor exit, the flow area required 1s directly proportional to the
compressor-exit equivalent welight flow. For each engine, compressor-
exlt equivelent weight flow (fig. 6(b)) increases as cuter-compressor .
equivalent speed decreases. At 80-percent speed, compressor-exit equiv-~
alent welght flow (and, therefore, flow area) for engines 20.7c and 20.9
is about 22 percent less than that for engines 15.7 and 15.9, and 50
percent less than. that for engines 9.7 and 9.9.

The compressor temperature ratio Tz/T; (fig. 6(c)) of each engine

increases with outer-compressor equivalent speed. At each egquivalent _
speed, compressor temperature ratio increases with design compressor
pressure ratio. The engine temperature ratio TG/Il (fig. 6(d)) of

each engine lncreases with outer-compressor equivalent speed, but it de-
creases with design compressor pressure ratio at each equivalent speed. .

The engine pressure ratio Pg/P; (figs. 6(e) and (f)) of each en-

gine increases with outer-compressor eguivalent speed. At 80-percent
speed (fig. 6(e)), the highest engine pressure ratioc is achieved by en-
gine 9.7; whereas at 110 percent speed, the highest valuve 1s achieved -
by engine 15,7. The engine-pressure-ratic variations for engines 20.9,
15.9, and 9.9 (fig. 6(f)) are similar to those for engimes 20.7, 15.7,
and 9.7 (fig. 6(e)). At each speed, the engine-pressure-ratio value
from figure 6(f) is 9/7 of the corresponding value from figure 6(e).

Engine Performance

Camparison of engines 20.7a, 20.7b, and 20.7c. - The performances -

of engines 20.7a, 20.7b, and 20.7c with the afterburner inoperative are
shown in figure 7. Equivalent net thrust is plotted against flight Mach
number in figure 7(a). At sea level, flight Mach number is varied from

L
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0 to 0.9. In the stratosphere, flight Mach number is varied from 0.9 to
2.32 for engine 20.7c. Because the operating line on the outer-
compressor map intersects the sitgll-limit line, the maximum flight Mach
numbers for engines 20.7g and 20.7b are 1.825 and 1.972, respectively.
The thrust values for engines 20.72 and 20.7b are within 2 percent of
one another. The variation in thrust among the three engines 1s 2 per-
cent or less for flight Mach numbers less than 0.7 at sea level and for
Mach numbers less than 1.5 in the stratosphere. At Mach 0.9 gea level,
the thrust for engine 20.7c is about 5 percent higher than that for en-
gine 20.7g8; and at Mach 1.92 in the stratosphere, the thrust of engine

20.7c is gbout 6 percent higher then that for engine 20.7a.

Specific power for the three enginegs is plotted against f£light Mach
number in figure 7(b). The maximum difference in specific power between
engines 20.7a and 20.7b is less than 1 percent. Over part of the flight
range, the specific-power values for engine 20,7¢c are lower than those
for engines 20.7a and 20.7b. The maximum variation occurs at Mach 1.52
in the stratosphere, where the specific power for engine 20.7c is about
2 percent lower than that for engine 20.7b.

Camparison of engines 20.7c, 15.7, and 9.7. - The performances of
engines 20.7¢c, 15.7, and 8.7 with the afterburner inoperative are shown
in figure 8. At any flight Mach number (fig. 8(a)), thrust increases
as deslgn compressor pressure ratio decreases. At Mach 0.9 at ses
level, the thrust for engine 8.7 1s about 10 percent greater than that
for engine 15.7, and about 18 percent greater than that for engine
20.7c. In the stratosphere, each engine attains its maximum equivalent
net thrust at a different flight Mach number: For engine 9.7, it is
Mach 2.32; for engine 15.7, 1.95; and for engine 20.7c, 1.65. The max-
imm equivalent net thrust for engine 9.7 is about 29 percent greater
than that for engine 15.7, and 47 percent gregter than that for engine
20.7c.

Over the flight range up to Mach 2.0, specific power (fig. 8(b))
decreases as design compressor pressure ratio increases. At Mach 0.9
at sea level, the specific power for engine 20.7c 1s about 6 percent
less than that for engine 15.7, and 18 percent less than that for en-
gine S.7. At Mach 2.32 in the stratosphere, the specific-power values
for engines 9.7 and 20.7c are the same, but that for engine 15.7 is
ghout 4 percent less.

The performances of englnes 20.7c, 15.7, and 9.7 with chemical
afterburning at 3500° R are shown in figure 9. At sea level, the equiv-
alent net thrust values (fig. 9(a)) of engines 20.7c and 15.7 are the
same. Thrust for these engines is 1 to 5 percent greater than that for
engine 9.7. 1In the stratosphere up to Mach 1.6, the thrust values of
engines 20.7c and 15.7 are the same, and are grester than those for en-
gine 9.7 by 5 percent or less. Above Mach 1.5, thrust increases as
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design compressor pressure ratio decreases, At Mach 2.32, the thrust -
for englne 9.9 is gbout 8 percent greater than thst for engine 15.9, and o
18 percent greater than that for engine 20.9.

Specific power for operation with afterburning at 3500° F (fig.
9(b)) decreases as design compressor pressure ratio increases. In the
stratosphere, specific power decreases as flight Mach number incremses. LI
The reverse is true when the afterburner is inoperative (fig. 8(b)).
At Mach 0.9 at sea level, specific power for engine 20.7c (fig. 9(b))
is about 13 percent less than that for engine 15.7, and 30 percent less
then that for engine 8.7. At Mach 2.32 in the stratosphere, specific
power for englne 20, 7c is gbout 22 percent less than that for engine
15.7, and 40 percent less than that for engine 9.7.

3809

Specific fuel consumption for operstion with afterburning at 3500° -
R is plotted against flight Mach number in figure 9(c). For each en- . Lo
gine, specific fuel consumption increases with flight Mach number. At =
any filight Mach number, specific fuel consumption increases with design
campressor pressure ratio. At Mach 0.9 at sea level, specific fuel con-
sumption for engine 9.7 is about 4 percent less than that for engine
15.7, and 10 percent less than that for engine 20.7c. At Mach 2.32 in
the stratosphere, the advantage for engine 9.7 over engines 15.7 and
20.7c is gbout 8 and 16 percent, respectively

Comparison of engines 20.9, 15.9, and 9.9. - The trends exhibited ~

by the engines having a 1l0-percent pressure drop between the lnner

compressor and lnner turbine are similar to those of the engines having -
a 30-percent pressure drop. The performance of engines 20.9, 15.9, and ’
8.9 with the afterburner inoperative 1s shown 1n figure 10. At any

Tlight Mach number (fig. 10(a)), thrust increases as design compressor

pressure ratio decreases. At Mach 0.9 at sea level, thrust for engine s
9.9 is about 9 percent greater than that for engine 15.9, and 18 per- =
‘cent greater than that for engine 20.9. In the stratosphere, each en-

gine attains lts maximum equivalent net thrust at a different flight

Mach mumber: For engine 9.9, it is Mach 2.32; for engine 15.9, 2.1; and

for engine 20.9, 1.7. The maximum eguivalent net thrust for engine 8.9

is about 30 percent greater than that for engine 15.9, and 51 percent

greater than that for engine 20.8.

At any flight Mach number, specific power (fig. 10(b)) decreases
as deslgn compressor pressure ratio lncreases. At Mach 0.9 at sea
level, the specific power for engine 20.9 is about 7 percent less then
that for engine 15.9, and 18 percent Tess then that for engine 9.7. At~
Mach 2.32 in the str: stratosphere, the advantage in specific power for en- . v -
gine 20.9 over engines 15.9 and 9,9 is 0.4 and 7 percent, respectively. a

The performances of engines 20.9, 15.9, and 9.9 with afterburning -
at 3500° R are shown in figure 1Y. At sea level, “the equivalent net

-
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thrust (fig. 11(a)) of engines 15.9 and 20.9 is approximately the same,
and higher than that for engine 9.9 by 7 percent or less. In the strat-
osphere up to Mach 1.6, the thrust values of engines 20.9 and 15.7 are
about the same, and they are greater than those of engine 9.9 by 4 per-
cent or less. Above Mach 1.6, thrust increases as design compressor
pressure ratio decreases. At{ Mach 2.32, the thrust for engine 9.9 is’
sbout 8 percent greater than that for engine 15.9, and 18 percent great-
er than that for engine 20.89.

Specific power for operation with afterburning at 3500° R (fig.
11(b)}) decreases as design compressor pressure ratio increases. At Mach
0.9 at sea level, specific power for engine 20,8 is about 20 percent
less than that for engine 15.9, and 31 percent less than that for engine

9.9. At Mach 2.32 in the stratosphere, specific power for engine 20.9

is gbout 25 percent less than that for engine 15.9, and 41 percent less
than that for engine 9.9.°

Specific fuel consumption for operation wilth afterburning at 3500° R
is plotted against flight Mach number in figure 1i(c). For each en-
gine, specific fuel consumption incresses with flight Mach pumber. AL
any flight Mach number, specific fuel consumption increases with design
compressor pressure ratic. At Mach 0.9 at sea level, specific fuel con-
sumption for engine 8.9 1s sbout 11 percent less than that for engine
15.9, and 16 percent -~ less than that for englne 20.9. At Mach 2.32 in
the stratosphere, the advantage for engine 9.9 over engines 15.9 and
20.8 is about 8 and 16 percent, respectively

Effect of total-pressure losg between inner compressor and turbine. -
The effect of totsl-pressure loss between the inner-spool compressor and
turbine on engine performance 1is presented as ratios of performance
values of the englnes with 10-percent pressure loss to those of engines
with 30-percent loss. i '

The effect of total-pressure loss on the performance of engines
with a design compressor pressure retioc of 20 is shown in the following
table:

Altitude Mo Ratio of value for engine 20.9 to
value for engine 20.7c
With afterburner With afterburning at
inoperative 3500° R
Thrust) Specific |Thrust|Specific|Specific
power power fuel con-
sumption
Sea level 0 1.136 0.880 1.143 0.874 0.875
Seal level | .9 [1l.1l74 .838 1.128 .872 .873
Stratosphere{ .9 [1.100 | .910 1.087 .920 .920
Stratosphere{2.32|1.207 .828 1.080 .926 .927
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With the afterburner inoperative, decreassing the total-pressure loss
fram 30 to 10 percent increases the thrust 10 to 21 percent and de-
creases the specific power 9 to 17 percent. For operation with after-
burning, thrust increases 8 to 14 percemt, specific power decreases 7
to 13 percent, and specific fuel consumption decreases 7 to 13 percent.

The effect of total-pressure loss on the performance of englpes
with a design compressor pressure ratio of 15 is shown in the followlng
table: Lo . R Ui/

Altitude My Ratio of wvalue for engine 15.9 to
value for engine 15.7
With afterburner With afterburning at
inoperative 3500° R
Thrust| Specific |Thrust|Speciflc|Specific
power power fuel con-
sumption
Sea level 0 1.135 | 0.881 1.143 0.875 0.875
Sea level .9 11.180° 841 1.150 .870 .870
Stratosphere| .9 |1.096 .930 1.085 920 920
Stratosphere|2.32{ 1.163 .864 1.079 .922 .930 -

With the afterburner Inoperative, decreasing the total-pressure loss
from 30 to 10 percent increases the thrust 10 to 19 percent and de-~
creases the specific power 9 to 17 percent, For operation with after-
burning, thrust increases 8 to 15 percent, specific power decreases 8
to 13 percent, and specific fuel consumption decreases 8 to 13 percent.

The effect of total-pressure loss on the performance of engines
with 8 deslign compressor pressure ratioc of 9 is shown 1n the followling
table:

Altitude . | My Ratio of value for engine 9.9 to
value for engine 8.7
With afterburner With afterburning at
inoperative 3500° R
Thrust|B8pecific |Thrust|Specific|Specific
power power fuel con-
sumption
Ses level 0 1.151 | 0.869 1.158 0.864 0.863
Sea level .9 |1.185 .841 1.151 .866 .866
Stratosphere| .9 (1.100 .906 1.089 .915 .915
Stratosphere |2.32|1.128 | 1.894 1.077 .938 .933 . )

3300
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With the afterburner inoperative, decreasing the total-pressure loss
from 30 to 10 percent increases the thrust 10 to 19 percent and de-
creases the specific power to 16 percent. For operation with after-
burning, thrust increases 8 to 16 percent, specific power decresses 6
to 14 percent, and specific fuel consumption decreases 7 to 14 percent.

Summary Remarks

In this section, some observations are made concerning the engine
surge problem at high flight Mach numbers and the trends in engine per-
formance as design campressor pressure ratio increases. In additiom,
camparisons are made among engines sized to produce g particular thrust
at g specified flight condition.

For engine operation at comstant values of outer-compressor mechan-
ical speed and inner-turbine inlet temperature, the outer-compressor
operating point moves toward its stall-limit line as flight Msch number
increases. In two of the engines with a design compressor total-
pressure ratic of 20, the equilibrium operating line intersected the
outer-compressor stall-limit line so that an engine surge problem
existed. Varying the pressure-ratio split between the outer and inner
compressors offered no solution. The problem was solved, however, by
assligning the outer-compressor eguivalent welght flow for the engine
design point to be higher than that for outer-compressor peak efficiency.

From the engine performance curves {figs. 8 to 11) and the gas-
generator curve of compressor-exit equivalent weight flow (fig. 6{(b)),
some general tremnds concerning the effect of design compressor pressure
ratio are noted. With the afterburner inoperative, as design compressor
pressure ratio increases, both thrust and specific power decresse. (An
exception 1s the variation of specific power at flight Mach numbers
above 2 for engines having a 30-percent pressure loss between the inner
compressor and turbine.)} For operation with chemical afterburning at
3500° R, as deslign compressor pressure ratio increases, thrust decreases
for £light Mach numbers grester than 1.6, specific power decreases, and
specific fuel consumption Increases. For elther type operation, as de-
sign compressor pressure ratio increases, compressor-exit equivalent
weight flow decreases. Hence, the size of the ducts downstream of the
compressor exit would decrease as would also the resctor slize in the
direct-air-cycle type of engine.

The magnitude of the compromlses involved by selecting a design
compressor pressure ratio is illustrated in the following two examples
for englnes having a 30-percent total-pressure loss between the Iinner
compressor and turbine. Suppose that a speciflc value of thrust is re-
quired with the afterburner inoperative at a flight Mach number of 1.5.
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Because the thrust per unit design weight flow decreases as design com-
pressor pressure ratio increases, the design compressor weight flow
greater for engine 20.7c than for engine 9.7. Thus, the weight of the
compressors and turbines incremses with design compressor pressure
retio for two reasons: (1) the number of compressor and turbine stages
increases and (2) the frontal area of the compressor increases. The
reactor power required at Mach 1.5 is 10 percent less for engine 15.7
and 15 percent less for engine 20.7c than for engine 9.7. Although the
design compressor-inlet equivalent weight flow increases wilth design
compressor pressure ratio, the compressor-exit equivelent weight flow
per unit design compressor weight flow decreases; the latter effect
predominates so that smaller ducts downstream of the compressor are re-
quired for the higher-pressure-ratio engines. The duct flow area is
gbout 30 percent less for engine 15.7 and 41 percent less for engine
20.7c than for engine 8.7. Thus, the size of the reactor decreases as
design compressor pressure ratio increases for two reasoms: (1) the
reactor power decreases, and (2) the duct size decreases.

As another example, suppose a specific value of thrust 1s required
for operation with afterburning at a flight Mach number of 2.0 in the
stratosphere. For such conditions, the design compressor weight flow.
would have to be about 5 percent greater for engine 15.7 and 11 percént
greater for engine 20.7c than for engine 9.7. The reactor power would
be 21 percent less for engine 15.7 and 34 percent less for engine 20.7
than for engine 9.7. The duct flow area downstream of the compressor
would be about 33 percent less for engine 15.7 and 45 percent less for
engine 20.7c¢c than for engine 9.7.

SUMMARY OF RESULTS

The followlng results were obtained from an analytical investliga-
tion to compare the performence of hypothetical two-spool turbojets
having design compressor total-pressure ratios of 20, 15, and 9 and
total-pressure losses between the lnner compressor and inner turblne of
10 and 30 percent. Each engine operates with the outer-compressor mech-
anical speed fixed at its design value and the lpner-turbine inlet tem-
perature fixed at 2160° R. Performance with chemical afterburning at
3500° R and with the afterburner incoperative was calculsted for f£llght
Mach numbers of O to 0.9 at sea level and 0.9 to 2.32 in the stretosphere.
An engine is referred to by its design value of compressor total-pressure
ratio.

1. For engines having a 10-percent pressure loss and operating with
the afterburner inoperative, the maximum equivalent net thrust for engine
S is about 30 percent greater than that for engine 135, and 51 percent
greater than that for engine 20. At each flight Mach number, specific
power decreases as design compressor pressure ratic increases.

: _3909
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2. At Mach 2.32, the engines having a 10-percent pressure loss and
operating with afterburning perform as follows: Thrust for engine 9 is
about 8 percent greater than that for engine 15, and 18 percent gresater
than that for engine 20. Specific power for engine 20 is about 25 per-
cent less than that for engine 15, and 41 percent less than that for
engine 9. Specific fuel consumption for engine 8 is about 8 percent

less than that for engine 15, and 16 percent less then that for engine
20.

3. For engines having a 30-percent pressure loss and operating with
the afterburner inoperative, the maximum equivalent net thrust for en-
gine 9 1s about 29 percent greater than that for engine 15, and 47 per-
cent greater than that for engine 20. Below Mach 2.0, specific power
decreases as design compressor pressure ratio increases. At Mach 2.32,
the specific-power values for engines S and 20 are the same, whereas
that for engine 15 is about 4 percent Tess.

4. Engines with a 30-percent pressure loss and operating with

afterburning have the following performance at Mach 2.32: Thrust for

engine 2 is greater than that for engines 15 and 20 by about 8 and 18
percent, respectively. Specific power for engine 20 is less than that
for engines 15 and 9 by about 22 and 41 percent, respectively Specific

fuel consumption for engine 9 is less than that for engines 15 and 20 by
about 8 and 16 percent, respectively.

5. At Mach 2.32, the flow ares downstream of the compressor exit
for engine 20 is less than that for engines 15 and 9 by about 21 and 50
percent, respectively.

6. The possibllity of surging the outer campressor is greater at
the lower equilvalent speeds than at the higher speeds. This tendency
becomes more proncunced as design compressor pressure ratio is
increased.

7. The design pressure-ratlo spllt between the outer and the inner
compressor has little effect on engine performance or on the outer-
compressor surge problem. Margin between the operating line and the
outer-compressor stall-l1imit line cen be attalned by assigning the outer-
compressor design-point equivalent weight flow to be higher than that
for outer-compressor peak efficiency.

8. For operation with the afterburner inoperative, decreasing the
total-pressure loss from 30 to 10 percent increases the thrust 10 to 21
percent and decreases the specific power 9 to 17 percent. For operation
with chemical afterburning at 3500° R, thrust increases 8 to 16 percent,
specific power decreases 6 to 14 percent, and specific fuel consumption
decreases 7 to 14 percent.

lewis Flight Propulsion Laborastory
National Advisory Committee for Aeronautics
Cleveland, Ohio, November 8, 1955
L
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APPENDIX - SYMBOLS

veloclity coefficient

specific heat at comstant pressure, Btu/(1b)(°R)

thrust, 1b
fuel-gir ratio
standard gravitational acceleration, 32.174 f‘b/secz
total enthalpy, Btu/lb

Mach number

rotational speed, rpm-

total pressure, lb/sq £t

static pressure, Ib/sq ft

gas constant, 35.345 f£t-1b/(1b)(°R)

specific fuel consumption, 1b fuel/(hr)(1b thrust)

specific power,;kw/lb thrust
total temperature, °R

static temperature, °R
veloclty, ft/sec

welght flow, 1b/sec

ratio of gpecific heat at constant_pressure to specific heat st
constant volume

rat?o of total pressure to NACA standard sea-level pressure,
P/zl116 o : . LTl T

adiasbatic efficiency

ragtio of total tempersture to NACA standard sea-level tempera- -
ture, T/518.7 ' '
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Subscripts:

c compressor

d design

i Iinner spool

J Jet

n net

o outer spool

0 ambient conditions

1 outer-compressor inlet

2 inner-compressor inlet

3 inner-conpréssor exit

4 inner-turbine inlet

5 outer-turbine inlet

6 outer-turbine exit

7 exhaust-nozzle inlet
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Flgure 3. - Concluded. Compressor maps of engines 20.7a,
20.7Tb, 20.7c, and 20.9.
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Total-pressure ratio, PZ/Pl

NACA RM ES5KO4 ' ] 29
4.2 r r T
Altitude M,
A Sea level o
A Stratosphere 1.284
B Sea level .9 /g
3.8 c Stratosphere .9 A \‘
D Stratosphere 2.32 / 7 1
84 /
O  Compressor refer- VAL ~
ence point / J/
/ /86
3.4 i P
V% .
/ 7
I - ,
7
Stall-limit / 4 BNy \as /
5.0 line 4 7/ - e ,\ , . /
A -~ — 7 A ,
/7~ 1 >{_,:,// P /& ] ./86 T )
- A
2.6 ,/ A 2 B 1 _are
7 P > A \ R v P g -/.84:/ 7
// P~ P 1 Pl e V4
/ - -~ A .82 .~
7 - > > — -~
L T .
2.2 N - = 1 = = Adiebatic
—
~ L ~1 _ — effi:iency,
L
— - | — (o]
— — \
-
1.8
110
Equivalent speed,
No//vel, \ 00
percent design 8 s0
1.4 | | l ) 80
60 70 110 120

80 S0 100
Equivalent weight flow, w34f61/8;, 1b/sec

(a) Outer compressor.

Flgure 4. - Compressor uweps of englnes 15.7 and 15.9.
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Total-pressure ratio, }3'3/1-‘2

Figure 4. - Concluded.

(b) Inner compressor.

44
Equivalent welght flow, wz,/e z/52, Ib/sec
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- - NACA BM EBS5KO4
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(a) Compressor-inlet equivalent weight

flow.

(b) Compressor-exit equivalent weight
flow.

Figure 6. - Gas-generator performsnce.
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CP-5

NACA RM ES55K04
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Figure 6. - Continued. Gas-generator performance.



34

Englne pressure ratio, PG/Pl
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Figure 6. - Concluded. . Gas-generator performance.
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Equivalent net thrust, F,/8j, 1b
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() BEquivelent net thrust.

Figure 7. - Performance of engines 20.7a, 20.7b, and 20.7c
with' afterburner lnoperstive.
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Specific power, sp, kw/lb thrust
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(b) Specific power.
Figure 7. - Concluded. Performance of engines 20.7a, 20.7b,

and 20.7c with afterburner inoperative.
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Figure 8. - Performance of engines 20.7¢, 15.7, and 8.7
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with afterburner Iinoperative.

37



38

Specific power, sp, kw/lb thrust

NACA RM ESS5K04
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Figure 8. - Concluded.
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(b) Specific power.

9.7 with afterburner inoperative.

Performance of engines 20.7c, 15.7,
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Figure 9. - Performance of engines 20.7¢, 15.7, and S.7
with afterburning at 3500° R.
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Specific power, sp, kw/lb thrust
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Figure 9. ~ Continued. Performance of englnes 20.7c, 15.7,
and 9.7 with afterburning st 3500° R. -
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Figure 9. - Concluded. Performsnce of engines 20.7c, 15.7,
and 9.7 with afterburning at 3500° R. -
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Figure 10, - Performance of engines 20.3, 15.9, and 9.9 with
afterburner inoperative.
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Figure 10. - Concluded. Performance of engines 20.9, 15.9,
end 9.9 with afterburner inoperative.
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Equivalent net thrust, F, /8y, 1b
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Figure 11. - Pe.rfarmans:e of engines 20.9, 15.9, and 9.9

afterburning at 350
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Specific power, sp, kw/lb thrust
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Figure 11. - Conmtinued. Performance of engines 20.9, 15.9,
and 9.9 with afterburning at 3500° R.
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Specific fuel consumption, sfc, 1b fuel/(hr)(1b thrust)
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Figure 11. - Concluded. Performance ¢f ‘éngihes Z0.8, 15.9,

and 9.9 with afterburning at
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Dugan, James F., Jr.

EFFECT OF DESIGN COMPRESSOR FRESSURE RATTIO ON PERFORMANCE OF

HYPOTHETICAL TWO-SPOOL NUCLEAR-POWERED TURBOJET ENGINES

Abstract

For operation with the afterburner inoperative, the meximum equiva-
lent net thrust for the 9:1 pressure-ratio englne 1s aboubt 30 percent
greater than that for the 15:1 pressure-ratio engine, and 51 percent
greater than that for the 20:1 pressure-ratlo engine. At each flight
Mach number, however, the higher-pressure-ratio engines have the lower
values of specific power (ratic of reactor power to engine net thrust)
and require the smaller ducts downstream of the compressor exit.






