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SUMMARY 

A cycle analysis of the turbine-propeller engine i s  given 

in t e r m s  of the parameters  of the cycle and the component ef- 

ficiencies of the engine with and without regenerat ion,  By means 

of a Taylor expansion about the point of ideal efficiencies,  total  

power output, specific fuel consumption, and optimum jet pre  s -  

su re  rat io  a r e  given in t e r m s  of the ideal values plus correct ions 

0 
for  sma l l  variations in the component efficiencies f r o m  100 /o . 
In this way, the relative importance of component efficiencies 

in affecting the performance of the ideal turboprop cycle i s  demon- 

s t ra ted  by means of simple analytical expressions involving the 

basic cycle parameters  and the component efficiencies. 

The analysis of the ideal turboprop cycle is  given in t e r m s  

of three  basic pa ramete r s  which a r e  functions of the forward 

flight speed, the compressor  p res su re  r a t io ,  and the limiting 

combustion chamber temperature.  F o r  the ideal cycle , the jet 

p res su re  ra t io  for  optimum division of power between propeller 

and jet resu l t s  in the total  work of the cycle being done by the 

propeller . 
Of the component efficiencies, the turbine efficiency was 

found to be the mos t  important in affecting the performance c r i -  

t e r i a  of the ideal turboprop cycle.  Since a l l  work is done by 

the propeller in the ideal cycle ,  the propeller efficiency was a l so  

found to be important in affecting performance.  Regeneration, 



a s  considered in this analysis,  decreased the total power output 

and decreased the specific fuel consumption of the ideal turbine- 

propeller engine. 
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INTRODUCTION 

In the analysis and design of an  a i r c ra f t  gas-turbine pro- 

peller-driving power plant,  it i s  important not only to have a 

simplified method of analyzing the cycle with a convenient notation, 

but a l so  to  find the relative effect on performance of sma l l  varia- 

tions of the component efficiencies in the ideal cycle.  In the actual 

design work of component par t s  of a turboprop engine, the engineer 

must  work with complex performance and charac ter  is t ics  curves 

in order  to  obtain quantitative data fo r  the construction of the 

machine. However , it would seem that a simple analytical ex- 

press ion ,  containing the known pa ramete r s  of the cycle and giving 

the relative effect of a smal l  change in component efficiencies on 

the performance of the ideal cycle , would be helpful in overall  

design considerations. 

The problem of analyzing the flow in the gas-turbine power 

plant has  been t reated extensively (see References) .  A method 

for determining the optimum division of power between jet and 

propeller for  maximum thrust  has been graphically analyzed in 

Reference 3 .  This method involves the use of complex curves in 

order  to  find the optimum jet pressure  r a t io  for  maximum thrust  

with a given s e t  of engine operating conditions. It would seem 

le s s  cumbersome if a simple analytical expression could be de- 

rived for  the ideal cycle optimum jet p res su re  ra t io  and the 
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variation therefrom for  a sma l l  change in component efficiencies. 

An analysis of the basic turboprop cycle ,  with and without 

regeneration, was made in t e r m s  of the pa ramete r s  of the system. 

In this  analysis ,  the weight of fuel injected in the combustion 

chamber and the variation of specific heats  were neglected, Com- 

bustion efficiency was assumed to  be 100O/~, and the momentum 

pressu re  loss in the combustion chamber was a l so  neglected. Isen- 

t ropic ,  frictionless compression in the inlet diffuser was assumed.  

F r o m  the cycle analysis ,  performance expressions were derived 

for  total  power output and specific fuel consumption. A relation 

defining the optimum jet p res su re  ra t io  was obtained f r o m  the 

total  power output of the cycle.  

The relative effect on performance c r i t e r i a  of sma l l  

changes in component efficiencies was then investigated to show, 

individually, the influence of 10s se  s in each component. Using 

the relations derived for  total  power output, specific fuel  consump- 

t ion, and optimum jet p res su re  ra t io ,  a Taylor expansion was used 

0 
f r o m  the ideal operating point (all  component efficiencies 100 /o) . 
The coefficients of these derived expansions were then used to  

show the relative effect of component efficiencies on the ideal per-  

formance of the turboprop cycle.  



I. ANALYSIS OF THE BASIC TURBOPROP CYCLE 

A s chernatic diagram of the basic turbine-pr opeller engine 

without regeneration i s  presented a s  Figure 1. The various points 

in the cycle through which the working fluid passes  a r e  numbered 

and a r e  r e fe r red  to  in the derivation, Symbols used in the analy- 

s i s  a r e  defined in Appendix A .  Expressions for  work output of 

component par t s  , temperature rat ios  a t  various points in the ideal 

and non-ideal cycle , and a l l  performance c r i t e r i a  have been de- 

rived in t e r m s  of four basic parameters  of the cycle: 

The factor/  , therefore ,  i s  related to  the a i r c ra f t  flight speed. 

Th- factor b i s  re lated to  the p res su re  ra t io  a c r o s s  the com- 

p r e s s o r .  

'The factor K is  re lated to  the temperature r i s e  in the combustion 

chamber and, hence,  to  the quantity of fuel injected and burned. 

When the f a c t o r s p  , 6, and K have been prescr ibed in any given 

turboprop cycle,  there  i s  one additional parameter  needed to de- 

fine completely the performance.  This parameter  has  been chosen 



a s  the jet p res su re  ra t io  X ,  and defines the p res su re  and temper-  

a ture  rat io  ac ross  the jet exhaust nozzle. The value of the jet 

p res su re  ra t io  in any given cycle determines the proportion of 

the total  work of the engine that goes to  driving the propeller and 

the proportion that goes to  jet th rus t .  If the optimum jet p res su re  

ra t io  x': for optimum division of power between propeller and jet ,  

i s  introduced in t e r m s  o f p ,  6, and K , then the performance cr i -  

te r ia  of the complete ideal cycle can be expressed  in t e r m s  of 

these three parameters  only. 

The Basic Turbopropeller Cycle. In the basic cycle ,  a i r  

passes  f rom f r e e  s t r e a m  a t  station 0 and i s  compressed  isen- 

tropically and without friction in the inlet diffuser to  station 1. 

Stagnation state conditions a r e  considered a t  the compressor  in- 

let: 

Compression in the compressor  is  c a r r i e d  out between 

stations 1 and 2 ,  Introducing the notation descr ibed above, the 

temperature ra t io  a c r o s s  the compressor  i s  derived a s  follows: 



The work of the compressor  for ideal and non-ideal compression is:  

The heat added a t  station 3 in the dombustion chamber per pound 

of a i r  is  given below. Combustion efficiency i s  assumed to be 100O/o 

and the momentum pressure  loss  in the combustion chamber is 

neglected. 

Qc 
7-3 = C ~ & - T ; ) =  cPz(= -+) K =  G To 

qc= c ~ z [ K - - ( , + ~ ) ]  (v' (8) 



The turbine in the turboprop cycle not only supplies the 

power to  drive the compresso r ,  but a l so  dr ives  the propel ler .  

A hypothetical point 4 of the turbine has  been chosen to theoret-  

ically divide the turbine work between compressor  and propel- 

l e r .  By equating the work of the compressor  to  the work of the 

turbine to station 4 ,  the following temperature ra t ios  a r e  derived: 

Having obtained an expression for  the tempera ture  ra t io  a t  point 4 ,  

the work to  drive the propeller can be derived by introducing the 

jet p res su re  rat io  X: 



Knowing these temperature rat ios  in t e r m s  of the cycle pa ramete r s ,  

the jet velocity V6 can be determined: 

The output of the turboprop cycle can be expressed  ei ther  in pounds 

thrus t  or  in power dimensions. Since it i s  believed that the output 

of the gas-turbine propeller-driving engine can  best be given in 

t e r m s  of power,  these dimensions a r e  used throughout the analysis .  

Therefore ,  the power to thrus t  is expressed a s :  



The total  output of the cycle without regeneration including 

propeller work and work to  thrus t  is: 

Optimum Jet  P r e s s u r e  Ratio. Equation (19) gives the total  

power output of the turboprop cycle in t e r m s  of four basic param- 

e t e r s p  , 6, K ,  and X and the component efficiencies. By intro- 

ducing the optimum jet p res su re  ra t io  X* for  ideal division of power 

between jet and propel le r ,  the basic pa ramete r s  for the ideal cycle 

can be reduced to  t h r e e ,  namely, b,p, and K .  In order  to  obtain 

an expression defining the optimum jet p res su re  ra t io  X:@, the total  

work relation i s  differentiated with respec t  t o  X and se t  equal to  

ze ro .  The relation defining the optimum jet p res su re  ra t io  X:: i s  

then found to be: 

F o r  ideal efficiencies (qp=  tp= CY = ) this reduces 

to the following simple expression: 



It i s  interesting to  note that the total  work expression for the turbo- 

prop cycle , with a l l  component efficiencies 100~/o and with optimum 

jet p res su re  r a t io ,  reduces to :  

and i s  obtained with such a jet p res su re  ra t io  X:: that the jet velocity 

V6 i s  equal to the f r e e  s t r e a m  velocity VO, Thus for the ideal turbo- 

prop cycle ,  the total  work output would go t o  the propeller if the 

condition of optimum jet pressure  ra t io  is imposed, This follows 

f rom the definition of overall  efficiency of the turbojet  and propeller 

cycles.  F r o m  kinetic energy considerations,  the following expres-  

sion for  overall  efficiency of jet and propeller driven sys tems can 

be easi ly  derived: 

2 
I = l+~ 

Vb 
(23)  

Here V represents  the jet velocity or the velocity behind the pro- 

peller d i s c ,  and V represents  f r ee  s t r e a m  velocity. Thus,  maxi- 0 

mum efficiency i s  obtained for  a jet cycle when the velocity of the 

jet i s  equal to  the f r ee  s t r e a m  velocity. The condition imposed on 

the ideal turboprop cycle that propeller efficiency 51P i s  10o0/0, 

implies a propeller disc  of infinite radius  and an infinitesimal 
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change in velocity a c r o s s  the d isc ,  Since the propeller disc  i s  

grea ter  than the jet exhaust a r e a ,  it follows that fo r  minimum 

kinetic energy loss  in the s l ips t ream,  ideally a l l  work f rom the 

turboprop cycle will be done by the propel ler ,  

Effects of Small  Changes in Basic  Cycle F a r a m e t e r s ,  
- 

In order  to  obtain an expression for  the change in total  work out- 

put due to a sma l l  change G in the optimum jet p res su re  rat io  

X9& , the third t e r m  of the following Taylor expansion was calcu- 

lated: 

where has been se t  equal to  z e r o  and defines the opti- 

mum jet pressure  ra t io  X* . 

F o r  ideal conditions (?+ = Cv= ( , X% &&-I)+ ,) , this ex- 
K 

pression reduces to: 
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The effect on total  work output of the cycle of a smal l  

change in d (related to  the p res su re  ra t io  a c r o s s  the com- 

p res so r )  was found to be: 

F o r  I ,  &k!)+ 1 , this reduces to  
K 

The effect on total  work of a sma l l  change in K (related to  temp- 

e ra tu re  r i s e  in the combustion chamber) is :  

- C  - 1 ,  =X+= b + @ - l ) +  I F o r  f p =  76 - ,,- a this  reduces to: 
K 

The effect on total  work of a sma l l  change i n  (related to  

the forward flight velocity) is :  



Effect of Small  Changes in Component Efficiencies on the Power 

Coefficient. The effect of sma l l  changes in component efficiencies 

on the optimum jet pressure  ra t io  X:g for the idealized cycle was 

found by determining the coefficients in the following Taylor ex- 

pansion: 

+- ax+ ( )  + a x *  + .. - - - .  
Jcl-74 I,,,, as-cv) b,,, 

To obtain these coefficients, the relation defining the optimum jet 

p res su re  ra t io  X* was differentiated in respec t  to  the various ef- 

ficiencies and evaluated a t  the point of ideal efficiency. The fol- 

lowing derivatives were obtained: 

ax*  =. 
2 (/-+I 



and the resulting Taylor expansion i s  : 

The coefficients of this expansion give the changes in the optimum 

jet p res su re  ra t io  X* f r o m  the ideal value when the component ef- 

ficiencies a r e  varied slightly f r o m  100%. The coefficients a l so  

show the relative effects on X'k of the various component efficiencies 

of the cycle.  

The effect on total  work was obtained by a s imi lar  procedure.  

The expression for  the optimum jet p res su re  ra t io  We was inserted 

in the total  work equation, and the derivatives of total  work in r e -  

spect  to  the component efficiencies was obtained. In this case ,  X* 

is  a function of the efficiencies a l so ,  and the derivatives obtained 

above were inser ted appropriately . The following derivatives were 

obtained: 



And a s imilar  Taylor expansion for  Cp , the power coefficient, is: 

Effect of Small Changes in Component Efficiencies on the 

Specific Fuel  Consumption. The effect of component efficiencies 

on the specific fuel consumption S was obtained a s  follows: 

3600 f .lb fuel 

With the proper expressions for fuel consumption f and total  work 

in t e r m s  of the power coefficient Cp , this becomes: 

If the power coefficient Cp in the preceding Taylor expansion 

i s  considered to  be equal to  Cp, - OC , where Clo is  the power 

coefficient with a l l  efficiencies 100O/~ and with optimum jet pressure  

ra t io  X::, the above relation for S can be expanded into a s imi lar  



f o r m  by neglecting squares  of sma l l  quantit ies.  The expansion 

thus obtained for the specific fuel consumption is :  

Here So= and i s  the value of the specific fuel 

consumption under ideal conditions . By evaluating the coefficients 

of this expansion for  any given se t  of cycle p a r a m e t e r s ,  the rela-  

tive effect of the component efficiencies on the specific fuel con- 

sumption can be calculated. 
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11. ANALYSIS OF CYCLE WITH REGENERATION 

A schematic diagram of the turbine-propeller engine with 

regeneration i s  given a s  Figure 2. It i s  assumed that an  ideal 

heat exchanger is installed af ter  the compressor  and af ter  the 

turbine s o  that a sma l l  amount of heat can be taken f r o m  the ex- 

haust gases  to  heat the a i r  leaving the compresso r .  The same 

assumptions and symbols a s  for  the basic  cycle a r e  used in the 

de ve lopme nt of the equations . 
Compression in the diffuser: 

Compression in the compressor:  

Work of non-ideal compression: 

Total heat added in the combustion chamber (including heat f rom 

regeneration: 



Setting the work of the turbine (to station 4) equal to  the work of 

the compressor ,  the following relations a r e  obtained: 

Regenerator heating effectiveness is defined as :  

Power to  drive the propeller:  

Assuming no p res su re  loss  a c r o s s  the regenera tor ,  the jet pres-  

su re  rat ios  for  the cycle with and without regeneration a r e  the 

same:  



The temperature rat ios  and 2 a r e  found to  be: 
7;; -7z 

With these temperature rat ios  the thrus t  velocity G'' can be ob- 

tained: 

Power to  thrust :  



The total  work output of the turboprop cycle with regeneration is :  

Fuel  Consumption Decrease due to Regeneration. F o r  the 

basic  cycle without regeneration, the actual  fuel consumption in 

lb fuel 
was found to  be: 

s ec  

/6 f u e l  

Assuming the same temperature r i s e  in the combustion chamber 

for  the cycle with and without regenerat ion,  the actual  fuel con- 

sumption with regeneration i s  found a s  follows: 

f r o m  which f "  can be determined as :  

Thus,  the actual fuel consumption decrease  due to  regeneration: 

Power Output Decrease due to  Regeneration. The co r res -  

ponding work output decrease  for  the regenerative cycle (assuming 



the same temperature r i s e  in the combustion chamber) becomes: 

Optimum Jet P r e s s u r e  Ratio with Regeneration, By dif- 

ferentiating the total  work expression for  the regenerative cycle 

with respect  to  X and setting the derivative equal to  ze ro ,  the ex- 

pression determining the optimum jet p res su re  ra t io  i s  determined 

to  be: 

Effect of Small  Changes in the Component Efficiencies of 

the Regenerative Turboprop Cycle on Optimum Je t  P r e s s u r e  Ratio, 

Power Coefficient and Specific Fuel  Consumption, Similar Taylor 

expansions were ca r r i ed  out for  the turboprop cycle with regener-  

ation to  obtain expressions for  optimum jet p res su re  r a t io ,  total  

work, and specific fuel consumption for  sma l l  variations in 7* 
7 p 9  7~ Cv and qX . Because of the fact  that the coefficients 

a r e  evaluated a t  the point of ideal efficiency, the derivatives of X% 

and Wtrt in respec t  to  tp , , 7 c  and Cv remain un- 

changed. The derivatives in respec t  to qx were derived as:  



and the complete expansions for  X* and Week about the point of 

ideal efficiencies a re :  

The coefficients of these expansions a r e  plotted in F igures  3 - 9 

for  various values of P ?  b-, and K ,  and show the relative effects 

on optimum jet pressure  ra t io  and total  work output of smal l  changes 

in the component efficiencies f r o m  the ideal value. 

An expansion for  specific fuel  consumption S of the regen- 

erat ive cycle was obtained by a method s imi lar  to  that described 

previously. By dropping t e r m s  such a s  Tx ((I-(?&) and qx(,-qc) 

a s  being of higher o r d e r ,  the following re su l t  was obtained: 



Relative values of the coefficients of this expansion a r e  plotted on 

Figure 10 for  Mo = .50,  fi = 3 and various values of K to  show Pl 
the effects of component efficiencies on the specific fuel consump- 

tion of the turboprop cycle with regeneration. 



111, DISCUSSION O F  RESULTS 

By the technique described in the foregoing sections,  it 

i s  possible to  determine the relative effects on performance c r i -  

t e r i a  of a sma l l  change in any of the component efficiencies of 

the cycle f r o m  their ideal values, The expansions submitted 

a s  Equations (76), (7'7), and (78) give these variations a s  func- 

tions of only three of the cycle pa ramete r s  dZp, and K. This 

simplification was made possible by the introduction of the op- 

t imum jet p res su re  ra t io  X*. The value of X* fo r  the ideal cycle 

0 
(all component efficiencies 100 /o) was found to be an  explicit 

function of Tap,  and K ,  and had a value such that a l l  of the 

work output of the cycle went to  drive the propel ler ,  none going 

to  jet thrust .  

The expansion (Equation 76) for  the optimum jet pres-  

su re  ra t io  X::: a s  a function of the cycle pa ramete r s  and effic- 

iencies was found to be: 
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As the efficiencies of the turbine and propeller decrease  f rom 

the ideal value, the value of the optimum jet p res su re  rat io  i s  

found to increase ,  showing an  increase in power to  jet thrust .  

The effect of a change in qt or  t?p on X* i s  of the same o r d e r ,  

the turbine efficiency having the grea ter  value. The effect of 

a decrease  in the jet exhaust nozzle coefficient Cy o r  an  in- 

c rease  in regenerator  effectiveness qx i s  shown to lower the 

value of X * .  Compressor  efficiency /k i s  found to have no ef- 

fec t ,  The relative importance of changes in component elfic- 

iencies on the value of the optimum jet p res su re  rat io  X* is 

shown in F igures  3-61? P a r t  VII,  for  various values of d ?/U2 
and K ,  

A simple expression can be derived f r o m  Squations 

(76)  and ( 77 )  to  show how the rat io  of jet work to  propeller work 

varies  a s  the value of jet p res su re  ra t io  var ies  f rom the opti- 

mum.  Assuming, a s  a f i r s t  approximation, that (X -X I )  << I 

the following rat io  is obtained: 

Jet Work 
propel le r  Work 

The coefficient of (X-x*) gives the slope of the s t raight  line 

showing the above rat io .  F o r  fl. = .50, = 3 ,  and K = 4 ,  
P 

this relation i s  plotted a s  Figure 10. 
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The power coefficient expansion Cp (Equation (77) ) a s  

a function of the cycle parameters  and efficiencies was found to be: 

A decrease  in the component efficiencies 7t. 7p*  

and f rom their  ideal values i s  shown to resu l t  in a correspond- 

ing decrease  in cp and hence in the power output of the cycle.  

The effect of the turbine efficiency i s  predominant in decreasing 

the power output, followed by propeller efficiency, compressor  

efficiency, and jet exhaust nozzle coefficient in relative importance. 

Regeneration was found to  decrease the power output of the ideal 

turboprop cycle. F igures  7-9, P a r t  VII,  show the relative im- 

portance of these coefficients for various values of the cycle pa- 

r a m e t e r s .  F o r  typical cycle parameter  values of a= .50,&==3 
f t  

and K = 4, a lo/o change in 7 !  resu l t s  in a change in C of - .01146 , P 
while a 1% change in %resu l t s  in a change of -.00510 in the value 

of Cf The relative effects a r e  apparent in this example. It 

i s  interesting to  note that the change in power coefficient due to  a 



change in compressor  efficiency i s  independent of the amount of 

heat added in the combustion chamber and depends on flight speed 

and compressor  ra t io  only. 

To show the variation of Cp with change in turbine and 

compressor  efficiency, values of power coefficient a r e  plotted 

against  compressor  p res su re  ra t io  on Figure  11 for  qx = 0 ,  qp= 1, 

CV= 1, /Ye= *50 and K = 4. The expansion given in Equation 

(77) was used for the plot which shows how the compressor  pres-  

su re  ra t io  for  maximum power coefficient change s with the effic- 

iencies of compressor  and turbine.  

Specific fuel consumption S a s  a function of the cycle pa- 

r a m e t e r s  and component efficiencies i s  given a s  Equation (78). 

The coefficients of this expansion a r e  plotted on Figure I2 for  a 

typical s e t  of values of S,,U, and K.  The turbine and propeller 

efficiencies a r e  seen to  be predominant in increasing the fuel con- 

sumption, L e s s e r  effects a r e  shown for  compressor  efficiency 

and exhaust nozzle coefficient, F o r  cycle parameter  values of 

Me= .5 0 ,  fi = 3 ,  and K = 4 ,  a 1°/o change in turbine efficiency 
PI 

I& resu l t s  in an  increase of the specific fuel consumption of 

0 
.0061 (Ib fuel/hp.hr .) while a l /o change in compressor  efficiency 

7, resul t s  in an  increase of .0015 (lb.fuel/hp.hr .). These 

typical values show the relative effect of turbine efficiency a s  

compared with compressor  efficiency on the specific fuel  consump- 
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tion of the ideal turboprop cycle. 

Regeneration, a s  considered in this  analysis ,  decreases  

the power coefficient and decreases  the specific fuel consumption. 

0 
F o r  V x  = l o  /o, and for  the parameter  values given above, it is  

found that cp is decreased by - .00246 while S i s  decreased by 

.I78 (lb fuel/hp,hr .) . 
The resu l t s  of these calculations can be used analytically 

to immediately show the effect and importance of the efficiencies 

in a turbine-propeller engine . The relative importance of the ef- 

fects of these efficiencies on performance c r i t e r i a  can be easi ly  

deduced f r o m  simple mathematical expressions without the use of 

complex char t s  and graphs.  As an example,  by the use of Equa- 

tion (77) it i s  possible to  show how the percentage work done by 

the propeller changes with variations in component efficiencies. 

F o r  the ideal cycle with optimum jet p res su re  ra t io  X* , it was 

found that the total  power output of the cycle went to  propeller work. 

A s  the component efficiencies change, the power division between 

jet and propeller likewise changes. 

This type of cycle analysis can be used to  solve various 

types of problems.  As an example,  Equation (29) can be used to  

determine the value of compressor  p res su re  ra t io  that will give 

the maximum power output of the cycle for  any given values of 

cycle pa ramete r s  and efficiencies. Assuming 7 ~ =  7 6  = C , = I  
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in Equation (28) and introducing the value of the optimum jet 

p res su re  ra t io ,  the following expression i s  obtained: 

This derivative is s e t  equal to  z e r o  toifind the value of which 

gives maximum C for  the specified parameter  values: P 

d= CjX  
rU- (for max.  c~ 1 

This simple equation gives the value of compressor  pressure  

rat io  for  maximum power output and can be plotted for  various 

values of compressor  efficiency to show the t rend with change in 

efficiency. 

Similar problems can  be Likewise easi ly  solved using 

Equations (30) and (31) to  give the values of/ and M for  optimum 

power output for  a given se t  of cycle pa ramete r s ,  
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IV. CONCLUSIONS 

F r o m  the resu l t s  of this cycle analysis of the gas turbine 

pr opeller-driving engine, it i s  concluded that: 

1.  A complete analysis of the performance of the ideal 

turboprop cycle can be made in t e r m s  of three  basic parameters  

b ,,W, and K by introducing the optimum jet p res su re  rat io  X* 

a s  a means of dividing the power output between propeller and 

jet th rus t .  

2. An analysis of the non ideal turboprop cycle, with or 

without regeneration, can be made in t e r m s  of the four parame- 

t e r s ,  6,y, K and X and the component efficiencies of the sys t em.  

The relative effect  of these efficiencies on performance cr i te r ia  

can be shown by a Taylor expansion about the point of ideal effic- 

iencies.  In this method, the optimum jet p res su re  ra t io  X2k can 

again be introduced, and the resulting performance expressions 

can be given in t e r m s  of three basic pa ramete r s  d,,U, and K.  

3 ,  Of the component efficiencies, the turbine efficiency 

Vt was found to be predominant in affecting the performance c r i -  

t e r i a  of the ideal turboprop cycle.  

4. Propel ler  efficiency was a l so  found to  have an im- 
' l p  

portant effect on the performance of the ideal cycle s ince,  for  

ideal conditions, a l l  work i s  done by the propel ler .  
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5 .  Regeneration, a s  considered in the analysis ,  has the 

effect of decreasing the total  power output and decreasing the 

specific fuel consumption of the ideal turboprop cycle .  



3L SCHEMATIC DIAGRAMS OF 
TURBOPROP CYCLES 

FIG. I 

BASIC TURBOPROP CYCLE 

F I G .  2 

TURBOPROP CYCLE WITH REGENERATION 



VI. APPENDIX A 

SYMBOLS AND DEFINITIONS 

C - Specific heat a t  constant p res su re  [EF). 
P 

W t o t  - Power coefficient, defined a s  - 
C P t d  ' 

- Power coefficient with a l l  efficiencies 100°/0 and optimum 

jet p res su re  rat io .  

C <, - exhaust nozzle velocity coefficient. 
Y 

(related to  p res su re  r i s e  a c r o s s  the cornpressor) .  

E - A smal l  change in a given parameter .  

I c  - Efficiency of compressor .  

8 - Propel le r  efficiency, including gear box losses  and other 

power t ransmiss ion  losses .  

'7t - Turbine efficiency. 

3 x  - Regenerator heating effectiveness. 

- Actual fuel consumption ( lb fuel  
s ec  1 

2 
g - Acceleration due to gravity (32.17 f t /sec 

Y - Ratio of specific heats 

H - Heating value of the fuel ( BTU 
Ib fue 1 ) 

J 
f t  lb - Mechanical equivalent of heat (778.3 -) 

BTU 

K - r3 - - (related to  the temperature r i s e  in the combustion 
To 

chamber 

M - Local  Mach number 

m - Mass  a i r  flow (--- Ib air) 
sec  



- - - " (related to  forward flight speed) 
To 

lb - Static p res su re  (-) 
in 2 

BTU - Heat added per pound of a i r  (-) 
lb 

- Specific fuel consumption ( lb fuel  
+-hour ) 

- Specific fuel consumption with a l l  efficiencies equal to  

0 
100 /o and with optimum jet p res su re  ra t io  

0 - F r e e  s t r e a m  static tempera ture  ( R) 

- Total temperature (OR) 

- Total tempera ture  for  an ideal isentropic process  

- Total temperature a t  cer tain points in  the regenerative cycle 

- Velocity (ft/sec) 

BTU 
- Work per pound of a i r  (-) 

as' lb 

(related to  the p res su re  ra t io  a c r o s s  

the exhaust nozzle) 

- Optimum jet pressure  ra t io  fo r  ideal division of power 

between propeller and jet 



PART VII 

On the following Figures  3-6 a r e  plotted the coefficients 

of the expansion of optimum jet p res su re  ra t io  X* a s  a function 

of the cycle pa ramete r s  b, PS and K ,  and the component ef- 

ficiencies $+a Cvs 7 c  and ? X .  

Equation (76): 

The following notation has been used in plotting: 

(ideal optimum jet pressure  ratio) 

(coef. of (I- p) t e r m )  

(coef. of (1- p) t e r m )  
K 7 

zy = 4 3  
(coef. of (1-c,,) t e r m )  

Zs= 0 (coef. of (1 -p) t e r m )  

256 = 
(coefficient of ?&term) 

K 



























On the following Figures  7-9 a r e  plotted the coefficients of  

the expansion of the power coefficient C2 a s  a function of the 

cycle pa ramete r s  $ ,,U, and K and the component efficiencies 

p1 +'PI Cv, qk and q x  . 
Equation (77) 

The following notation has been used in plotting: 

= ( )  - I  (ideal power coefficient) 

K %  
*v= - [ K + h ( N - o  --I (coef. of (1 - p) t e r m )  

t,%= - I &-[I  [ I - ] (coef. of 7. t e r m )  
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