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1. ODUCTION

A,

B.

F.

G.

A,

For the pressure-jet rotor drive system with tip burning, the followving
valuss are calculated for four tip burner combustion temperstures, four

tip speeds and seven prescure ratioss

c.

The results are plotted in Charts 1 through 21.

2. ASSUMPTIONS

The following aszsumptions have been mades

Welght flow per compressor horsepowver

Duct area required for an intermal duct velocity of 200 fps per com-

pressor horsepower
Compressor outlet temperature
Tip jet thrust per compresscr shaft horsepower

Specific fuel consumption of compressor and burner ver nound of tip

jet thrust

Duct area required for zn internal duct velocity of 200 fps per
pourd of tip Jet thrust

Exhaust velocity

Inlet eir is FACA stundrnrd mea level i
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B. Adiabatic compressor efficiency is 80 percent

.

o N

C. Compressor ensine specific fuel consumption = ,65 1lbs,/HP hour
D. Tip fu:) heat content = 18,000 BTU/ib,

E, Combustion efficlency = 90 percent

F. Nozzle efficiency = 95 nereent

G. Adiabatic head of =11 lorses equals head of pressure gain (for cor- g

rections for Aeviation from this value, see paragraph 6)
H. TInternal duct velocity = 200 fps (for explanation, see paragraph 4)

3. FFGLECTED ITEM#S

The followine items have been neglecteds
L. Leakape losses (should be well below 1 percent of total flow)

B. Losses or ram psins in front of compressor inlet

C. Deviations of blade internal pressure from compressor outlet pres-
sure (has a small influence upon density and consequently duct area

resuirement )

D. Variations of combustion efficiency with temperature rise (such as

caused by dissocistion). Cannot be included without complete hurner

° test deta.
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E. Heat losnes through blade (10 percent loss resul*s in about 1 per-

cent error in burner specific fuel consumption)
4, AL DUCT V&

An arbitrary value of 200 fps hes been chesen. The compromise hetween
aerodynasmic and thermodynamic considerations will prescribe the actusl
velocity to be selected. This optimm compromise camnot bhe generally

determined because it devends upon too many varisbles, such as:

A. Pereentage blade eross section aveilable for duet., This depends

on design effort, blaede balance requirements, structural require-

monts, snd blade weight consideratioms,

B. Percentage hovering time in total flight time. On a VIO aireraft,
the best compromise for hovering is mct correct for the average

operation,

C. The miseion. To find an optimum compromise, it must te known rhether

an optimum of range, of cost or of eny other desirable character.
istic is sought,

Once the optimum velocity is determined, the duct areas can be found by

using the areas for 200 fpe and correcting them for the new velocity,
5. IOSSES AND GAIMS

In paragraph 2G it was assumed that the loss in adisbatic head resulting

7 s 14
. Wy o
i sl -«th’
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from the sum of all nressure losses was equal to the gain in head result.
inpg from air compressicn inside the rotating tlede, Vhen K denctes the

retio of loss to caln:

Therein: = friction coefficient

A

P = rotor radius = duct length
P = perimeter of internal duct
A = duet cross-sectionel erea

V = velocity in hlade

{L = rotor angular velocity

RP
vy - Rconstant-g, = constant% = .9_°.£%._t.§.n_§

vhere @ denotes the rotor solidity.

Therefore,

= 2 V2
¥ c.consta.nt(R_n_)

It can be secn that X remains unaffected by precsure ratio and tempera.
ture rise in thre hurner. i'vﬁ‘is & measure o¢ the relative importeance
attached to external and internal losses and for families of rotors of

constant iiﬁsolidity becomes the main variable thet affects X. If, for
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6.

VIO rotors of high disc load, RL\L4is chosen as high as possible, opti.
munm solidity will increase with dise loed in order to keep the specifie
blade loading an optimum. This shows that low K vzlues (low losses) camn

be achisved by high disec loads.

Also for comstant disc load and constant i‘vﬂ’ K will remain comstant and

the trends shown by the subject caleulations will be correct.

CORR™CTIONS FOR DEVIATIORS FRON K= 1

In most cases, of course, general considerations will result in a choice

of ilﬂ and @0 that result in K unequal unity.

The physical effect of a change of K ie an increase or decrease of bur.
ner pressure and, consequently, exhaust veloecity. All resultes plotted

in charts ? through 90 are based on thrust and therefore on the difference
between exhaust velocity and tip speed. A chenge in exhaust velocity
under equal compressor and burner temperature conditions can therefore

be accounted for by reading the desired deta at a tip speed that differs
from the actual tip speed by the amount AWR that equals the change in

exhauet velocity resulting from deviation of K from unity.

A simple way to find (LR is shown in the following. It should only be
used when the totel gain or loss in head does not exceed ! 15 pereent of

the total head, en essumption that covers all pwactical cases,

h

X = ﬁ;L:-ig-:' Ah = hgain(l-x) = .%g%)!(l-l()
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S LONVIGENTIAL woser W10
VJ - #‘ninfhd
' Ak
v - 3, +4h) ¥ V?,gJ n 1+ 34
j actual "’]n"g ad "\n ad‘ R )
Thereins J = heat equivalent

ﬂln = rnozzle efficiency (95 percent)
hgq = adiabatic heed at nozzle
v y = exhaust velocity

Therefores:

Avj’m‘vj';;_:dnh:d'(")

LaRr)2Q . X)
2
A-Q—R = Vr ﬁ - W%ﬁ
mET

Figure 21 ellows to determine VJ for various temperzture and pressure
retio conditions.

1
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