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1, GENER.L IOvioR 1 LANT DLSCRIPTION

lo:1 General - The MAC Model 78 is provided with wwo ges +urtine ern;in®s

which drive either compressors i'or rurnishing air to the pressure et driven

rotor or tractor propellers for nigh speed forward flight. A power unit

nacelle is meurnted cn either sice of ihe 1uselare.

1,2 Engine - An Alliscn Model 50l zas turbine power section is mountec
in each nacelle suppl:ing shaft power to the propeller anc compressor, A&
cooliny air ejecticr is fitted to the enrzine exhaust pipe, drewing coolirg

air over the engine compressor sectior, combustion sectior, anc uil radijetor.

1.3 Pregsure Jet Compressor - A Westinghouse 19XB axial fiow compressor

is erplored tc suppl: 2or;ressed air through & duct s stem tc the rotor ti
surners. Tihis compressor is mounted direcil:- ahove the enpine witi: the

compresscr operatec at en;ine speed by means of & drive shaft connectecd to

the turbine shai {lange at the final discharre stace of the compressor.

ls4 Propeller - An Aeroproducts Model A632F propellsr is mounted ir
the nose cl' eacl. nacelle. During ncrmal propeller operatiorn, the propeller
pitch is consrclled v, the exngine control system. When the compressor is
engaged to ihe en-ine, the prcpeller is held a*t ithe pitch resulting in

rinimum power aosorption,

1.5 0Oear box - The engine drives the propeller snd axial flow c

ompr<ssor

by means of & modifiec allison XT=38 zear box. The canpressor shaft
rotates in the opposite direction from the enrine drive shaft a% the stme
speed as the engine., Also included in the gear bLox section ic one cluteh

permi“ting the ennine to be disenraged fror <he ear box, and a secong
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cluteh which disengages the compressor. I1he rear faoe of the gear box pro=
vides ilw neoessary acosssory mounting pads and gesr drives for tie engine
starter, gemerator, hydraulic punp, tachomster, and the conmectioms for

the gear box 01l system and the propeller brake mnd governor sontrols. T
starter gear train iz commected to the engine drive shaft on the engime side

of the clutch permitting tiw engine to be sterted while disenpgaged from the

goar box.

1.€ Eim Starter - A single Airesearch air bieed zas turbine oo~
pressor is employed to drive a meumstic startsr mounted on ssch of the 4wo

engint gear boxes.

1.7 Rotor Tip Fressure Jets « Two burners sare mounted at the tip of

each of the thres rotor blsdss. Compressed air supplisd from the compresse
is delivered to the tip burmers thremgh a dust sysseme PFusl is injecved

into the tip burners wiwye combustion oceocurs, initisted by spark ignitiom.

1.8 Fuel System ~ The Model 78 fuel sywtex is shown sohematically in
figure 1. Thiz system was desigzwed in aoccordance with specifioation SR-73D.
Fusl cells totallinr 627 galloms may be filled in a conventiomal method
through the filler necks provided in each wing or by & single point pressure
fueling fitting located on the left side of the fuselage. RNefueling is made
possible through the pressure fueling system by opemimg & shutecff valve
located in the fuselsge. This valve is pormally clesed to prevent inter.
oell fuel flow throuch the pressurs fueling esystem, while t;bck valves pre.

vert outboard fuel flow from the fuselage tank,.

|
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Fuel is delivered to the engine fuel control by two submerged boost
pumps located in the sump of the Fuselage :uel cell. The fuel to each
power section enters through a cormmen selector velve. Tip iturner _uel [low
is controlled by & rotor driven sovernor-purp unit. Fuel inlet pressure Icr
this unit is provided by the engine boost pump. When the tip Lurners are
inoperative, fuel <o the rotor system is snut ori L & valve interral tc the
rotor governor. For sinrle engine operatior, e sclercid vaive, locasted in

the rotor hub shuts off the fuel to half of the *“ip burners.
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operating at the lower speed.

In order to obtain optimum pressure jet performanoe during simgle
engine operation when the air flow is only one half of the normal flow, it is ’
necessary to reduce the tip burner total exhaust nozsle area by 60 per csnt.
This is accomplished by closing the buttcriy valves loosted in the aft duet
in the root of easch rotor blade, thue nmov‘ing the three inner tip burmers
from the system. Actuation of this butterfly walve is automatiocally cone

trolled as explained in section 2.3.

2.3 Pressure Jet Fuel Control - Fuel flow to the rotor tip burners

is controlled by a rotor speed povernor which meters fuel as necessary to
maintein a constent selected rotor speed during all jet powersd rotor opers-
tion. Thus as the rotor loed changes, the pressure jet fusl flow is autoe
ratically sdjusted to hold rotor speed, oompletely relieving the pilot of
this duty. This type of rotor speed and tip jet fuel contrcl has beem per=
forming satisfactorily in flight for a period of three ysers on the MoDonnell
XH=20 ram jet powered helicopter,

During periods or single engins operation, the flapper door of the
air control valve (see section 2.2) actuemtes switches which closes a fuel
shut=off solenoid valve located in the rotor hub. This solenoid valve
shuts off the fuel flow to the three inner tip turmers. Also comnected
to the manifold supplying fuel to the inner set of tip burners are sctuating
cylinders controlling the Lutterfly valves locsted in each rotor blade
in the ducts suprlying comprossed air to the inner set of tip burmers
(see s@ctiun 2.2,, inrese ¢ linders are srranged so ms tc hold the butter-

fly valves open wher :‘.e] nressure exists in the nmanifold supplying fuel
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when the solenoid valve shuts of! the fuel in this rwnifold.

to the inner set of tip turrers, and &llows ‘he butterf{ly valves tn close
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STMBOLS
A area 242 unless ctherwise noted
L speed of sound £t/se0
op specific heat at constent BTU/%CR
pressure
D hydrsulic diemetar 't
F thrust #
Fa oomj.ressibility factor 1- l‘.a.,. l44_ lc; ceesene
& 30 1800
b g wall friction factor
f/n fuele-air ratio
14 scceliretirm of -~ravitr 2.2 :“t/sec:
H total head /042
nr horsepower
Hz/ﬁo total pressure recovery
h, lowsr reating value 18,000 BTU/ for rmsoline
J rmechanical equivelent of heat 778 f4{/BTU
1 lensth £t
M Msch number
m mass rate of flow slugs/seo
b abzolute siatie pressure 7',‘-/!“62 unless otherwise noted
Fm sbsolute total rressurc #/r42 unless otherwise roted
W volume rate of flow #/ﬁ'tz unlegs ctherwiss noted
y ¢vnamic ; Mmseure #/£42 unless otherwise roed
4, irjact yressure GFg §/0t% Lrless (therwise roted
i Fas conctant 48 /4 ok
- ]
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RN Re melds number
S I shaf? lorsepower
T swatic temreraturc OR
T totel temperature OR
v velocity rt/sec
Vi tangentiel velocity fi./sec
v sPe "i7ic volume o3
weight rate of flow #/ss0
angle of attmok degrees

Eny" 0 on P x & =

1, 2‘ 2tco

(84

ratio of specific heats

used to represent a chanie in another quantity

PT2/14°7 wher: hr, is expressed in ISIA

TTz/ ~18.4
efficiency

mass density
rotational -relicnity

Sulscrinis

free streamn i
station numbers 3
air ot
burning P
CanMpressor 5
fuel Tk

gas - rroducts of
cambustion

slur's/I‘tz'

rad ians/se ®

ir.let

Jet

total loss
primary
secondery

temperature rise
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3. ANALYSIS OF PORER PLANT DUCTS

3.1 General - The analysis of the Model 78 duot system is presembed
in acoordanos with the U. S. Mavy Aeronsutiocal Specifisation NMAVARR SR80,
"Specification fer the Calculation of Duct losses, Turbo-Jet and Gas Turbine
Engines®. -

This section includes the analysis of the inlet ducts supplying air
to the two Alligon Model 501 power sections, the inlet duots supplying
eir to the two Westinghouse 19XB ocompressors, and the engine exhausgt system
including the cocling ejector.

-
3.2 Degeription of Duots = The engine inlet duot is approximabely

five feet long with a well-rounded lip. ZThe dust inoreases in srosse
sectional ;u-on from 160 square inches at the inlet to 186 square incles
at the engine face. The annular flow area at the engine compressor faoe
is 160 square inches,

The 19XB compressor inlet duct is about three feet long and has &
well-rounded lip., The duct inoreases in cross-sectional area from 140 sguare
inches to 160 square inches at & station near the compressor face. The
arnuler area at the compressor fuce is 138 square inches.

The engine exhaust tailpipe is chrouded with ar ejector whioh is split
by radial dividers into three parts drawing cocoling air through the forward
engine ccmpressor ocmpartment, the engine combustion chamber ocompartment ,

and the oil cooler.

Fipure 3 presents a schematioc of the ducting arrangement and cross-

seoctional areas.
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4. +LLISCN MOIDEL 501 :O7W.E ZECT ION FCRFORILNCE

4.1 Erncine .erformance - Toe ilisor. Mocel .1 -au -urbine erc-ine

~

perior-e..ce was aval.ated L, the ethod rresented in wne er lie speci:ication
(refere:ce ., Fhefermsice . rerresents the nost recert Navy ap;r-cvec speci-

ficatimr for the :ocimr cectio~ performance, Inlet duczt toial pressure je-

covery wes ‘a:ed 1. o the d.eh arelvsic rresentec ir section 3. Values of

EZ/HP Irom Jicure 4 were ised Doy 4dhe er-ine performarce calculasicrs.

powersd-r Lor rli-ht with iie irereller ir the piuch res:liéing
in pinimaun power abgor;tior it is mssurmed ihat the rropeller aisoris 5% of
tre avcilatle ercine shaf'tv horsepower, svcorcingly the power avallevle to

drive the ocLiressor, as prese:‘e: irn Iirure 13 hes vee: reduced b €%,

As noted in seci.ion 2.1 Lie e ine will e orerated at cu suvert rormal

[~

speed {14,000 rpm) during all jorjous that i is encared 4o tle sompressor.
This necessitetes, under cer-umin conditions, that the turhine inlet teri=
perature ~xored “he normml rated terperstur~, Lut w.wer ro cordizions will

it excesd tie alloweble nilizar: serperature, L. view o: < e allowable
operatins tins ol 3C rminutes at nilivar; power this %;jpe of oreraticr is oone
ciderec satisfrcior;’ especiall: as it is accomplished et e reduced erncine
syeeds Fi tre 18 rreser=s a rlot of hersercwer available a“i !(rsejpower
required wersus altitude for the rost critical corditi.rgp at 14,000 rp:. end
& tuiline-i. “erperature -7 19.:°R,

Figuree 14 <hrovzh 22 precert _:pit hor «power, net jet tirust, and fuel
flow for rropeller ojeratior c: sach engine in “he m:4icipated operating
rer.es of Ilisnt velocit; & elui“ice, tFerzornance was deternined in
acroruAnes Wil the = -ine sps-~i iom*i. (reference ! ) Wsing Lo estimated

lilet touvel pressure recover:. prese.ted in fi-tre 4,
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-
‘c
Considerin a rotor tlade as s:0Wn Lelow with eir flowing through the
blade passage ana oeing burned ir ihe tip burne:, the jower required to

X
CD\ o
\I

|

|

|

i

|

!

——

K 7 g

4 N\

‘; [—
1
- /o

w

o —— ——— _———<

accclerate the air _rom nie tenrential velocity at s+ation X vo the teae
~ertial velsciiy et staiion Y lu:
wa (¥, = V5
POWER = S 2
el:, LiC 1OWET required for jsentrople comp wess o of tne air from station

¥ 4o steiion Y ic:  (refrrence 7)o

%
o= v | () - 1]

(&)

Zguating equat. 2 an¢ equatic: 3
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'
Suistiiuting: equations €& and 7 into equation o the fodlowing c..ressicn is
obtained r'or “te '.rzle arce.
Wa RT; ‘,—————\
a3 -
R’az (T) &
+1
A __LWq, RTZJ g
23 — >/ 2 T2
P&‘(%“Y% ’V?%R 23
In viss of - 2 A& ir..ins st lcien i B
Feg recoires 2 g e : o 2 krrking wasr Lo oottalnel o e
Lus ILoCiRuar ., ol et e o I tiaea re rlec it orul o
i .oicelel  urner %o oteors Y B3 G B a:.d . here T.o ro: r
Ce2lt WXL Trie WeL .uoL.Tiirol LT ¢ axiiwr oot [ ! a
81 " «r Ry . I- . cegr leser ey ¢ o ling .
et Weil. Tiw ‘. 3,0 o
; I LB e el - @ & rea reLr. 8t
2 8
- 15 2 10
TT =T (I + o M )
.
Simmee M= 1.0
- .
Tes = 4000 (535
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From equation 9, the nozzle arec now becames:

WG‘R (4000) (-&"\
Ags = S 1n
RV

- T
em S

Assume a burning efficlency of 90X and a lower heating value of gasoline

= 18,000 BTU/%,

y:_ELAL 12
a - 76,200

Since the values of ¥ and cp are dependent upon temperature and
fuel-air ratio it is now necessary to make suococessive spproximatians for
fuel-air ratio and oyole through equations 1l snd 12 until both equations
are catlsfied,

Pro, is determined from the duct analysis as described in section 5.2.2
and a trial and error solution is readily made since there is only one
fueleair ratio that will give & total temperature of 4000°R,

On this basis a total nozzle area of 0,938 square feet was determined.
This total nozzle area is divided by the number of tip burmers se obtein
the area per burner. PFor the s4x burners the effective nossle exit area

per burner is 22,6 in.2 or 54356 in. in dismeter.
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S5.2:4 PRerformance Calculations - For other sorrecvted compressor

speeds and pressure retios the combustion temperature may be determined

since the area has been determired. Transposing equatiom 8:

Tas _ Aay KRR t?r.,_ﬁjﬁ%'
arrie Wq R

23

TZS

A VAR E.a(*ﬁ'ﬂ‘/ H—l 13

Uaing equetion 12 and 13 and determiring Pxn from the rotor duct analysis

o 325 may be determined for any compressor condition. Althouch equation 13
applies only when Prog is above the oritioal pressure ratio, this con-
ditiam covers most of the system operating range,

Puel flow is determined by:

C AT
= %4 Wa = 76,200 “oeon Ma 14

=0

Total temporature at the nossle exit far sonic velocity is

Tra® Tas (12'_'_) 15
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The jet velocity is obtained from equation 6. 9Jet thrust is obtained as

follows :

Fy = l‘t-ié' (Vas= V1) + (Rs=R) Ay 16

‘\u' nozele efficicnoy {mssumed .95)

A sample ocalculation is rresented intable 7, The first section of ihe
caloulation is the rotor system duct analrsis to determine the pressure
available for burning. 7The latter rart cf the celculation presents the
tip burner performance for the available pressure. It was assumed that
the division of air fliow through iho twc flow passages in the rotor blade
(station 17 through 23) was equal, ever though the cross-sectional arsas
are slichtly different (22.1 and 24.3 square inchss per tlade ), The
actual division of the air filow will 5e governed by the back pressure of
each tip burmer due to burring. The total tempereture, fuel flow, and
Jjet thrust were calculated ior each of ithe wo Lip burners and the averace
total temperature was used for the lotal terpcrature of the gas.

Curves of cvorrected performance over @& range of ‘hrust velues are
preserted in ficures 26 and 27. {orrected velues are presentec in the
reneral curves since theyr are incependent of the compressor inlet conditions,

The correctior factors uscd e *ie standard factors used i correction

of jet enrine performance. Iicicrerco 10 rresents the derivation of these

factors. These factors.are:
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> = P /14,7 where PTz is expressec ir I'SIA
2
= T 01844 where T , 1s oxpressed in desrees Lankine
a = T Ts

Several numerical exariples were checked for various mltituce. within the

prrformance range of Mode] 78. Agreement ol corrected periormance with

that determined by using the actual tempsrature and rressure was ootained,
Actusl tir bumer thrust and overall fuel consumption &re rresented in

fizures 23 through 31 or the enticipated operating range of the tip burners.
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