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INTRODUCTION

Student performance of an individual task is one of the stages
in the study of the discipline "Design of gas turbine units". Its purpose
is to teach the student to fulfill calculations of thermodynamic cycles
and thermal schemes of gas turbine units (GTU's), as well as teach
how to evaluate the dimensions of their main parts – a compressor,
a combustion chamber and a turbine.

After completing an individual task, the student:
– must know the thermal processes that occur in compressors,

combustion chambers and turbines of gas turbine units;
– must be able to develop the design and fulfill the calculations

of gas turbine units;
– must understand the methods of GTU's thermal modeling,

understand the methods of thermal calculation, and must know how
to evaluate the dimensions of the GTU's main parts.

The theme of an individual task is designing a simple cycle gas
turbine unit for marine application. As the initial data usually
specified:

– output power of gas turbine unit;
– high pressure turbine inlet temperature;
– ambient temperature;
– basic gas turbine engine.
The student must choose all other parameters required for the

design by himself, while focusing on the structural scheme of the
gas turbine unit, its application and relevant recommendations.

Conditionally, the process of performing an individual task can
be divided into the following stages:

– analysis of the design and technical parameters of the basic gas
turbine engine;

– thermodynamic modeling of gas turbine unit and the working-
out of a calculation program;
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– optimization of GTU's thermodynamic cycle parameters;
– thermal calculation of gas turbine unit at nominal operating

mode;
– calculation of the compressor dimensions;
– calculation of the combustion chamber dimensions;
– calculation of the turbine dimensions;
– sketching of GTU's layout.
The individual task is carried out sequentially at the indicated

stages under the direct supervision of the teacher.
The performed results are formatted as a text document (report)

and publicly discussed in the audience during the defense.



5

1. ANALYSIS OF THE DESIGN
AND TECHNICAL PARAMETERS

OF THE BASIC GAS TURBINE ENGINE

Gas turbine engines can have a different structural scheme. They
can include a different number of compressors (from one to three)
and a different number of turbines (from one to four). These
compressors and turbines can have different designs and are
connected in different ways to each other. The design of the
combustion chamber, as well as other components of the gas turbine
unit, may also be different.

Among the initial data of an individual task from the discipline
"Design of gas turbine units", the basic gas turbine engine is indicated,
the structural scheme and design of which must be guided when
designing your own gas turbine unit. For this reason, it is necessary
to begin the fulfillment of an individual task by searching for relevant
information and analyzing it. The most important results of the study
are summarized in the first part of the report.

It should be noted that students will be offered as basic engines
the marine gas turbine engines of the leading companies in this area:
"General Electric Co." (USA), "Rolls-Royce plc" (Great Britain) and
"Zorya-Mashproekt" (Ukraine).

The fulfillment of this part of an individual task is presented in
Example 1.

Example  1
Perform the analysis of the design and technical

parameters of the basic gas turbine engine: UGT 6000
"Zorya-Mashproekt".

The UGT 6000 (Fig. 1) became the first of the third generation
engines created by "Zorya-Mashproekt". It was developed in
accordance with the decision of the Council of Ministers of the Soviet



6

Union, adopted in 1971, to create a 10,000 h.p. common engine
for hovercraft, hydrofoil and displacement ships.

 

Fig. 1. UGT 6000 (general view)

Since 1972, the UGT 6000 has been widely used on Soviet
Union and Russian Federation Navy ships. It is used on landing
and anti-submarine hovercraft and hydrofoil ships. It is also used
as a marching or accelerator engine in the combined power plants
of displacement warships and some commercial vessels.

The industrial use of UGT 6000 began in 1993. It is often used
in gas pumping units of compressor pipeline stations. UGT 6000
is also used to drive electric generators.

The UGT 6000 (Fig. 2) consists of a two-spool gas generator
and a free power turbine.

The gas generator includes two axial-flow multistage compressors
(respectively, low pressure compressor 2 and high pressure
compressor 3), which are rotated by two axial-flow turbines (low
pressure turbine 6 and high pressure turbine 5), as well as a tubo-
annular combustion chamber 4.
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Fig. 2. UGT 6000 (cross-section):
1 – inlet guide vanes; 2 – low pressure compressor; 3 – high pressure

compressor; 4 – combustion chamber; 5 – high pressure turbine;
6 – low pressure turbine; 7 – power turbine; 8 – output flange;

9 – gearbox; 10 – electric starter; 11 – frame

The low pressure and high pressure compressors has 8 and
9 stages, respectively. The reverse-flow combustion chamber has
10 flame tubes.

The high pressure turbine and the low pressure turbine are single
stage ones. The power turbine, depending on the modification,
can have 2, 3, 4 or 6 stages. The rotation of the power turbine is
clockwise or counterclockwise.

The lubrication system is made circulating, under pressure
(forced).

The engine is started by an 70 kW electric starter. Engine control
is remote, automatic.

The time between overhaul is 20,000 hours. The total service
life is 60,000 hours.

The main technical parameters of UGT 6000's different
modifications are shown in Table 1, service parameters – in Fig. 3.
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 Fig. 3. The output power (a) and efficiency (b)

of UGT 6000 versus ambient temperature

Table 1
The main parameters of UGT 6000's modifications

Parameter Modifications1 
DT71 DV71 DP71 DM71 DC71 

Output power, kW 6500 6360 7350 7350 7350 
Efficiency, % 31.5 31.5 32.0 32.0 30.0 
Air mass flow, kg/s 31 31 32 32 32 
Pressure ratio  16.5 16.5 16.5 16.5 16.5 
High pressure turbine inlet 
temperature, К 1290 1290 1290 1290 1290 

Exhaust gas temperature, К 703 698 713 713 743 
Power turbine rotational 
speed, rpm 82002 3000 7000 10000 4750 

Weight, ton 3.5 4.5 3.5 3.1 3.5 
Dimensions, m:      

Length 3.8 4.6 3.2 2.8 3.4 
Width 1.3 1.8 1.7 1.7 1.7 
Height 1.6 1.7 1.8 1.8 1.8 

1 DT71 – engine modification for gas pumping units; DV71 – engine
modification for electricity generation; DP71 and DM71 – marine non-
reversible engines; DC71 – marine reversible engine.

2 Engine modifications for gas pumping units can also have power turbine
speed of 5200, 5700 or 10000 rpm.
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2. THERMODYNAMIC MODELING
OF GAS TURBINE UNIT AND THE WORKING-OUT

OF A CALCULATION PROGRAM

2.1. Features of GTU's thermal calculation

2.1.1. Structural schemes of marine gas turbine units
For use on ships, two structural schemes of GTU have become

most popular (Fig. 4).

 

 

 

Fig. 4. The structural schemes of marine GTUs:
C – compressor; CC – combustion chamber; CT – compressor turbine;

PT – power turbine; G – reduction gear; L – load (consumer); LPC – low
pressure compressor; HPC – high pressure compressor; HPT – high

pressure turbine; LPT – low pressure turbine

The first structural scheme realised in such marine GTUs as:
– LM500, LM1500, LM2500, LM2500+ and LM2500G4 of

"General Electric Co.";
– TF40 and TF50 of "Vericor Power Systems Inc.".

a

b
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The second structural scheme realised in such marine
GTUs as:

– "Olympus", "Tyne", "Spey" and MT30 of "Rolls-Royce plc";
– UGT 3000, UGT 6000, UGT 15000, UGT 16000 and

UGT 25000 of "Zorya-Mashproekt".
For further modeling, we choose the second structural scheme,

because that scheme is more complex.
For this structural scheme, we will use some indexes: k1 – low

pressure compressor; k2 – high pressure compressor; t1 – high
pressure turbine; t2 – low pressure turbine; t3 – power turbine.

The cycle in the thermal diagram, that corresponds to this
structural scheme, is shown in the Fig. 5.

Fig. 5. Cycle of GTU with two-spool gas generator
and free power turbine

This cycle consists of the following processes:
process (1amb –1) take place in GTU's inlet casing;
process (1–2.1) – in low pressure compressor;
process (2.1–1.2) – in intersection between LPC and HPC;
process (1.2–2) – in high pressure compressor;
process (2–3) – in combustion chamber;
process (3–4.1) – in high pressure turbine;
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process (4.1–3.2) – in intersection between HPT and LPT;
process (3.2–4.2) – in low pressure turbine;
process (4.2–3.3) – in intersection between LPT and PT;
process (3.3–4) – in power turbine;
process (4–1amb) – so-called "cooling process".

2.1.2. Determination of air and gas pressure in GTU
We will determine the pressure in different parts of the GTU

using pressure coefficients. These coefficients consider the
pressure losses due to friction in the transitional parts of the GTU.

Pressure coefficient generally defined as

.
in

out
p
р



Consider the pressure change along the flowing path of gas
turbine unit.

1) We have ambient pressure ambp
(for example, ambp = 0.101 MPa).
2) Pressure at point 1 (at the LPC inlet)

1 amb inlp p  ,
where inl  – inlet casing pressure coefficient (0.98–0.99).

3) Pressure at point 2.1 (at the LPC outlet)

2.1 1 1 1k amb inl kp p p     ,
where 1k  – LPC pressure ratio.

4) Pressure at point 1.2 (at the HPC inlet)

1.2 2.1 1k amb inl k kp p p      ,
where k  – compressor intersection pressure coefficient (0.99–1.00).

5) Pressure at point 2 (at the HPC outlet)

2 1.2 2 1 2k amb inl k k kp p p       ,
where 2k  – HPC pressure ratio.
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6) Pressure at point 3 (at the combustion chamber outlet)

3 2 1 2сс amb inl k сс k kp p p        ,
where сс  – combustion chamber pressure coefficient (0.96–0.98).

7) Pressure at point 4.1 (at the HPT outlet)

3 1 2
4.1

1 1

k k
amb inl k сс

t t

pp p  
    
 

,

where 1t  – HPT pressure ratio.
8) Pressure at point 3.2 (at the LPT inlet)

1 2
3.2 4.1 1 1

1

k k
t amb inl k сс t

t

p p p  
      


,

where 1t  and 2t  – turbine intersection pressure coefficients
(0.99–1.00).

9) Pressure at point 4.2 (at the LPT outlet)

3.2 1 2
4.2 1

2 1 2

k k
amb inl k сс t

t t t

pp p  
     
  

,

where 2t  – LPT pressure ratio.
10) Pressure at point 3.3 (at the PT inlet)

1 2
3.3 4.2 2 1 2

1 2

k k
t amb inl k сс t t

t t

p p p  
       

 
.

11) Pressure at point 4 (at the PT inlet)

3.3 1 2
4 1 2

3 1 2 3

k k
amb inl k сс t t

t t t t

pp p  
      
   

or

,4
ex

ambpp






13

where 3t  – PT pressure ratio; ex  – exhaust casing pressure
coefficient (0.98–0.99).

From the last equations it follows that

1 2
1 2

1 2 3

k k amb
amb inl k сс t t

t t t ex

pp  
     

   

and
1 2 1 2 1 2 3inl k сс t t ex k k t t t            .

2.1.3. Determination of compressor and turbine efficiency
If the number of stages of the axial-flow compressor kz  is more

than 5, the efficiency of compressor can be estimated by the formula
(Fig .6)

,

1

1

. 




 kst

m

k

m
k

k

where ;1
k

km 
  k  – specific heat ratio; kst.  – efficiency of single

compressor stage.
The efficiency of single axial-flow compressor stage is 0.89–0.91.
If the number of stages of the axial-flow turbine is more than 5,

the efficiency of turbine can be estimated by the formula (Fig. 7)

,
1

1 .

m
t

m
t

t
tst










where ;1
k

km 
  k  – specific heat ratio; tst.  – efficiency of single

turbine stage.
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Fig. 6. The efficiency of compressor versus
сompressor pressure ratio ( kst. = 0,90; k  = 1,40)

Fig. 7. The efficiency of turbine versus turbine pressure ratio
( tst. = 0,90; k  = 1,40)

The efficiency of single axial-flow turbine stage usually is
0.86–0.90.
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In real conditions, turbines of the GTUs have a number of stages
from 1 to 3 and the previous formula cannot be used.

During the thermal calculation of GTU you must take such values
of turbines efficiency:

for HPT  = 0.86–0.88;
for LPT  = 0.88–0.90;
for PT  = 0.90–0.91.

2.1.4. Determination of specific heat
The working fluid in the GTU’s compressor is air, in the GTU's

turbine – gas.
2.1.4.1. Determination of specific heat for air
During the thermal calculation of GTU we need to determine

specific heat of constant pressure for air.
Specific heat depends on temperature. During the calculation we

will use parameter ).( m

T

T
ap Tfc

out

in

  That is the specific heat of air

for process that goes from temperature inT  to temperature outT .
The specific heat is determined for medium temperature of this process:

.
2

outin
m

TTT 


Next determination of specific heat can go in several ways.

The 1st way: by using Table 2.
(You need to interpolate values of that table.)
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Table 2
Specific heat of air and gas (when using liquid fuel1)

,mT
К 

Air Gas 
α = 1 α = 3 α = 5 

apc , kJ/kg/K gpc , kJ/kg/K gpc , kJ/kg/K gpc , kJ/kg/K 

273 1.0035 1.055 1.0215 1.0173 
373 1.0102 1.0801 1.0383 1.0299 
473 1.0245 1.1095 1.0550 1.0467 
573 1.0446 1.1388 1.0801 1.0718 
673 1.0684 1.1723 1.1053 1.0969 
773 1.0923 1.1974 1.1304 1.1220 
873 1.1149 1.2309 1.1597 1.1471 
973 1.1354 1.2560 1.1806 1.1681 
1073 1.1538 1.2853 1.2057 1.1890 
1173 1.1702 1.3062 1.2225 1.2057 
1273 1.1844 1.3272 1.2351 1.2225 
1373 1.1970 1.3439 1.2518 1.2351 
1473 1.2083 1.3607 1.2644 1.2476 
1573 1.2179 1.3732 1.2769 1.2560 
1673 1.2267 1.3855 1.2853 1.2644 
1773 1.2346 1.3983 1.2937 1.2769 

1 Table 2 is calculated for fuel whose chemical composition was determined
by averaging the parameters of the most common types of liquid fuel used in
gas turbine units.

The 2nd way: by using graph.
Using the data from table 2, we can draw the graph of specific

heat. Using the graph, we determine the specific heat

).( m

T

T
ap Tfc

out

in


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The 3rd way: by using approximating formula.
Using the data from table 2, we can get approximating formula.

Using the formula, we determine the specific heat for air:

 )( m

T

T
ap Tfc

out

in

=0.917747497558594 + 0.000268046831479296 · Tm –
– 4.88794533737291·10–8·TmTm.

2.1.4.2. Determination of specific heat for gas
Marine gas turbine units operates on liquid fuel (diesel fuel, etc.).

Gas for GTU’s turbine is the product of combustion of that fuel.
Specific heat of that gas depends on excess air coefficient in

the combustion chamber . Therefore, for gas:

).,(  m

T

T
gp Tfc

out

in

Next steps of determination of specific heat are similar to the
previous one.

Approximating formula for specific heat of gas:

 ),( m

T

T
gp Tfc

out

in

= 1.00549757480621 + 0.000384173501515761 · Tm –
– 0.0556742288172245 ·  –

– 6.81171030691985 · 10–8 · Tm · Tm +
+ 0.00784802157431841 ·  ·  –

– 0.0000133457979245577 · Tm · .
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2.1.5. Determination of gas constant

Gas constant for air

airR = 0.287 kJ/kg/K.
Gas constant for turbine gas gasR = 0.288–0.290 kJ/kg/K

and depends on excess air coefficient . Approximating formula for it:

 )(fR

= 0.291471034288406 – 0.00253063812851906 ·  +
+ 0.000602589745540172 ·  ·  –

– 0.000049502617912367 ·  ·  · .

2.1.6. Determination of specific heat ratio

Specific heat ratio both for air and gas determined as

.
Rc

c
k

p

p




2.1.7. Determination of cooling air consumption

To increase the service life, the blades and disks of turbines of
modern GTUs are air-cooled. Cooling air is taken from the
compressor of the same GTU and is supplied to the turbine through
special channels and tubes. For cooling, the turbine blades have
internal cavities. After cooling the blades, the air enters the flowing
path and mixes with the gas stream.

Without cooling, the turbine blades can withstand the maximum
temperature

permT  = 1073–1123 K.
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If the gas temperature before the turbine is less than permissible
( permTT 3 ), then the blades do not need to be cooled.

If permTT 3 , then number of cooled rows of turbine blades:

 .)15.0...11.0(1lg

lg2
3




T
T

n

perm

cool

Number of cooled rows of turbine blades cooln  cannot be
bigger than the total number of turbine blade rows. HPT and LPT of
many GTUs (UGT 6000, UGT 10000, UGT 15000, UGT 25000)
has single stage, then the total number of blade rows in that turbines
is 2 (one row of stationary nozzle vanes and one row of rotating
blades).

Specific cooling air consumption can be estimated by formula

   
 

0.25
3 31

2
permcoolcool

cool b m t
k coolperm cool

T TnG Tg ak g
G TT T

  
     

  
,

where coolG  – cooling air consumption, kg/s; kG  – air mass
flow through the compressor, kg/s; 3T  – gas temperature before
turbine, K; permT  – permissible blade metal temperature, K;

coolT  – cooling air temperature (consider equal to the air temperature
after the compressor 2Т ), K; а  – coefficient (if 1003  permTT ,
then а  = 1.7; if ,1003  permTT  then а  = 1.4–1.3); bk =
= 1.05–1.10 – heat transfer coefficient at the ends of the blades;

mg = 0.020–0.025 – model air consumption; –
k

t
t G

G
  turbine

consumption coefficient; –tG  gas mass flow through the turbine,
kg/s.
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2.2. Stages of GTU's thermal calculation

2.2.1. Calculation of GTU's compressors

1) Choose the ambient parameters. For standard conditions:
– ambient pressure ambp  = 0.101 MPa,
– ambient temperature ambТ  = 288 K.
2) Pressure at point 1 (at the LPC inlet)

1 amb inlp p  ,

where inl  – inlet casing pressure coefficient (0.98–0.99).
Temperature at point 1 (at the LPC inlet)

ambТТ 1 .

3) We accept with next clarification the value of total
compressor pressure ratio

.k

4) Choose the HPC pressure ratio:

 kk2 ,
but

  2k  4.4–4.6.

5) LPC pressure ratio:

.
1

1
k

k
k 


 

6) We accept with next clarification the value of specific heat
ratio for process in LPC:

1ak  = 1.40.
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7) Parameter

.1

1

1
1

a

a
a k

km





8) Efficiency of LPC

,

1

1

.

1

1

1

1
1






 kst

а

а

m

k

m
k

k

where kst.  – efficiency of single compressor stage (0.89–0.91).
9) Actual temperature rise in LPC

  .11
1

111
1

k

m
kk
aTТ




10) Temperature at point 2.1 (at the LPC outlet)

.111.2 kТТТ 

11) Medium temperature in LPC

 .
2
1

1.211 TTТm 

12) Determine the specific heat of air in LPC

).( 11 mаp Tfc 

and specific heat ratio for process in LPC

,
1

1
1

airаp

аp
a Rc

c
k




where airR  = 0.287 kJ/kg/K – gas constant for air..
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After this, we repeat the calculation from point 7 to point 12
using new value of specific heat ratio ( 1ak  instead of 1ak  ).

13) Pressure at point 2.1 (at the LPC outlet)

2.1 1 1kp p  .
14) Pressure at point 1.2 (at the HPC inlet)

1.2 2.1 kp p  ,
where k  – compressor intersection pressure coefficient (0.99–1.00).

Temperature at point 1.2 (at the HPC inlet)

1.22.1 ТТ  .
15) We accept with next clarification the value of specific heat

ratio for process in HPC:

12 aa kk  .
16) Parameter

.1

2

2
2

a

a
a k

km





17) Efficiency of HPC

.

1

1

.

2

2

2

2
2






 kst

а

а

m

k

m
k

k

18) Actual temperature rise in HPC

  .11
2

22.12
2

k

m
kk

aTТ




19) Temperature at point 2 (at the HPC oulet)

.22.12 kТТТ 
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20) Medium temperature in HPC

 .
2
1

22.12 TTТm 

21) Determine the specific heat of air in HPC

)( 22 mаp Tfc 

and specific heat ratio for process in HPC

.
2

2
2

airаp

аp
a Rc

c
k




After this, we repeat the calculation from point 16 to point
21 using new value of specific heat ratio ( 2ak  instead of 2ak  ).

22) Pressure at point 2 (at the HPC outlet)

2 1.2 2kp p  .

2.2.2. Calculation of GTU’s combustion chamber

23) Pressure at point 3 (at the combustion chamber outlet)

3 2 ссp p  ,
where сс  – combustion chamber pressure coefficient (0.96–0.98).

24) Determine the specific heat of air:

)(
2

293
m

T

аp Tfc    and  ),(
3

293
m

T

аp Tfc 

where 3T  – HPT inlet temperature (initial data for work).
25) Determine the specific heat of  "pure" gas:

).1,(
3

293
 m

T

gp Tfc
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26) Choose the fuel parameters: calorific value of fuel fQ  and
stoichiometric coefficient 0L .

For standard liquid fuel fQ  = 42915 kJ/kg and 0L  = 14.78 kg/kg;

for natural gas: fQ  = 50032 kJ/kg and 0L  = 17.18 kg/kg.
27) Relative fuel consumption

 
,

293)1(

)293()293(

30
293

0
293

2
293

3
293

33

23


















TLcLсQ

TcTc
g

T

ap

T

gpccf

T

ap

T

ap

f

where  – combustion chamber efficiency (0.985–0.995).
28) Excess air coefficient in the combustion chamber

.1

0Lg f


2.2.3. Calculation of GTU's turbines

29) Specific cooling air consumption for HPT

   
 

0.25
3.1 3

.1 1

1
2

permcool
cool b m t

coolperm cool

T Tn Tg ak g
TT T

  
    

  
,

where permT  = 1073–1123 K – permissible blade metal temperature
for HPT; coolT  = 2Т  – cooling air temperature, K; а  – coefficient
( if  1003  permTT , then  = 1.7; if ,1003  permTT  then
 = 1.4–1.3); bk  = 1.05–1.10 – heat transfer coefficient at the ends
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of the blades; mg  = 0.020–0.025 – model air consumption;


2

1
1

k

t
t G

G  0.90 – simplified value of HPT consumption coefficient.

Number of cooled blade rows for HPT:

 .)15.0...11.0(1lg

lg2
3

1. 


T
T

n

perm

cool

You must remember that:
– the maximum value of 1.cooln  for single-stage HPT is 2;
– if permTT 3 , then HPT blades do not need to be cooled.

Then 1.cooln  = 0 and 1.coolg  = 0.
30) Simplified gas temperature at the LPT inlet

2
3.2 3 0.9

2
kТТ Т    .

31) Specific cooling air consumption for LPT

   
 

0.25
3.2.2 3.2

.2 2

1
2

permcool
cool b m t

coolperm cool

T Tn Tg ak g
TT T

   
    

  
,

where permT  = 1073–1123 K – permissible blade metal temperature
for LPT; coolT  = 2Т  – cooling air temperature, K; а  – coefficient
(if 1002.3  permTT , then а  = 1.7; if ,1002.3  permTT  then
а  = 1.4–1.3); bk  = 1.05–1.10 – heat transfer coefficient at the ends
of the blades; mg  = 0.020–0.025 – model air consumption;

98.0
1

2
2 

k

t
t G

G  – simplified value of LPT consumption coefficient.
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Number of cooled blade rows for LPT:

 .)15.0...11.0(1lg

lg2
2.3

2. 



T

T

n

perm

cool

You must remember that:
– the maximum value of 2.cooln  for single-stage LPT is 2;
– if permTT  2.3 , then LPT blades do not need to be cooled.

Then 2.cooln  = 0 and 2.coolg  = 0.
32) Combustion chamber consumption coefficient

,011.02.1.2
1

 coolcoolk
k

cc
cc gg

G
G

where 
1

2
2

k

k
k G

G 0.99–1.0 – HPC consumption coefficient.

33) HPT consumption coefficient

1
2

(1 )
.f cc

t
k

g 
 



34) LPT consumption coefficient

2 1 2 .1 0.006t t k coolg      .

35) PT consumption coefficient

.004.02.23  cooltt g

36) Exhaust casing consumption coefficient

.004.03  tex
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37) Medium gas temperature in HPT

2
1 3

1

0.9
2

k
m

t

TT Т 
 


,

where 1t  = 0.86–0.88 – HPT efficiency..
38) Determine the specific heat of gas for process in HPT:

),( 11  mgp Tfc

39) Specific heat ratio of gas for process in HPT

,
1

1
1

gasgp

gp
g Rc

c
k




where gasR  = 0.288–0.290 kJ/kg/K – gas constant for turbine gas.
40) Power balance ratio for HPC and HPT

2
2

1 1 1

p a

t p g m

c
C

c

 

,

where 1m  = 0.99–0.995 – mechanical coefficient for HPT..
41) Actual temperature drop in HPT

1 2 2t kT C T   .
42) Simplified gas temperature at the HPT outlet

131.4 tTTT  .
43) Determine the specific heat of gas for process of mixing

cooling air with gas flow in HPT:
).,( 1.41  Tfc gmp

44) Determine the specific heat of air for process of mixing
cooling air with gas flow in HPT:

).( 1.41 Tfc amp 
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45) Gas temperature at the HPT outlet (considers reducing
temperature of gas during mixing with cooling air)

 
1 .12 1

4.1 4.1
2 1 .1 1 2 1 .1( )

pam coolk t
cool

k t cool p gm k t cool

c g
T T T

g c g
   

     
.

46) HPT pressure ratio
g1

g1 1
3 1

1
3 1 1

k
k

t
t

t t

T
T T

 
      

.

47) Pressure at point 4.1 (at the HPT outlet)

.
1

3
1.4

t

pp




48) Temperature and pressure at point 3.2 (at the LPT inlet)

1.42.3 TT   and .1.42.3 pp 

49) Medium gas temperature in LPT

1
2 3.2

2

0.9
2

k
m

t

TT Т 
 


,

where 2t  = 0.88–0.90 – LPT efficiency..
50) Determine the specific heat of gas for process in LPT:

).,( 22  mgp Tfc

51) Specific heat ratio of gas for process in LPT

.
2

2
2

gasgp

gp
g Rc

c
k



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52) Power balance ratio for LPC and LPT

1
1

2 2 2

p a

t p g m

c
C

c

 

,

where 2m  = 0.99–0.995 – mechanical coefficient for LPT..
53) Actual temperature drop in LPT

2 1 1t kT C T   .

54) Simplified gas temperature at the LPT outlet

22.32.4 tTTT 

55) Determine the specific heat of gas for process of mixing
cooling air with gas flow in LPT:

).,( 2.42  Tfc gmp

56) Determine the specific heat of air for process of mixing
cooling air with gas flow in LPT:

)( 2.42 Tfc amp 

57) Gas temperature at the LPT outlet (considers reducing
temperature of gas during mixing with cooling air)

 
2 .22

4.2 4.2
2 .2 2 2 .2( )

p am coolt
cool

t cool p gm t cool

c g
T T T

g c g
  

   
.

58) LPT pressure ratio
g2

g2 1
3.2 2

2
3.2 2 2

k
k

t
t

t t

T
T T

 
      

.



30

59) Pressure at point 4.2 (at the LPT outlet)

.
2

2.3
2.4

t

pp




60) Temperature and pressure at point 3.3 (at the PT inlet)

2.43.3 TT   and 3.3 4.2 tp p  ,

where t  – turbine intersection pressure coefficient (0.99–0.995).
61) Pressure at point 4 (at the PT outlet)

,4
ex

ambpp




where ex  – exhaust casing pressure coefficient (0.98–0.99).
62) PT pressure ratio

.
4

3.3
3 p

p
t 

63) Simplified medium gas temperature in PT

.
4

21
3.33

kk
m

TTТT 


64) Determine the specific heat of gas for process in PT:

).,( 33  mgp Tfc

65) Specific heat ratio of gas for process in PT

.
3

3
3

gasgp

gp
g Rc

c
k




66) Actual temperature drop in PT
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g 3

g3

3 3.3 31

3

11 ,t tk
k

t

T T 

 
 

    
   

where 3t  = 0.90–0.91 – PT efficiency..
67) Temperature at point 4 (at the PT outlet)

.33.34 tTTT 

68) Medium gas temperature in PT

.
2 3

3
3.33

t

t
m

TТT





2.2.4. Calculation of GTU's efficiency
69) Specific power

3 3 3 3sp p g t t inl mN c T     ,

where 3m  = 0.99–0.995 – mechanical coefficient for PT..
70) Specific air mass flow through LPC

1.
e

k sp
sp g

NG
N




,

where g  = 0.97–0.98 – reduction gear efficiency; eN  – output
power of GTU (initial data for work), kW.

71) Air mass flow through LPC

1 1.k k sp inlG G  .

72) Air mass flow through HPC

2 1 2k k kG G  .
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73) Air mass flow through combustion chamber

1cc k ccG G  .
74) Fuel consumption

3600f cc fG G g  .

75) Gas mass flow through HPT
 1 2 1t k tG G  .

76) Cooling air consumption through HPT

.1 1 .1cool k coolG G g .

77) Gas mass flow through LPT

2 1 2t k tG G  .

78) Cooling air consumption through LPT

.2 1 .2cool k coolG G g .

79) Gas mass flow through PT

3 1 3t k tG G  .

80) Gas mass flow through exhaust casing

1ex k exG G  .

81) Specific fuel consumption

.
e

f
e N

G
g 

82) GTU’s efficiency
3600

e
e fg Q

  .
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2.3. Working-out of a calculation program

During completing an individual task, the student must use the
stages of GTU's thermal calculation, described in chapter 2.8, to
working-out a calculation program. This program is compiled using
software (Microsoft Excel, MathCad, etc.), which is learned by the
student and which is available. The compiled calculation program
should be debugged and ready for use.
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3. ОPTIMIZATION  OF  GTU'S  THERMODYNAMIC
CYCLE  PARAMETERS

The efficiency of the gas turbine units depends on:
– compressor pressure ratio k ;
– HPT inlet temperature 3Т ;
– efficiency of compressor k , combustion chamber cc.  and

turbine t ;
– mechanical coefficient m  and gear efficiency g ;
– pressure losses in transitional parts of GTU.
The dependence of GTU's efficiency on the most parameters is

simple. If we want to increase the efficiency we must increase:
– HPT inlet temperature 3Т ;
– the efficiency of compressor k , combustion chamber  and

turbine ;.cc
– the mechanical coefficient m  and gear efficiency g ;

and we must reduce pressure losses in transitional parts of GTU.
But the dependence of GTU's efficiency on the compressor

pressure ratio is not so simple. An increasing of that parameter
first causes an increasing of GTU's efficiency, and then a decreasing
of efficiency. There is an optimum for compressor pressure ratio opt

k ,
at which the GTU's efficiency takes the maximum value max

e  (Fig. 8).
In the previous chapter, we analyzed the formulas for GTU's

thermal calculation. And we know that the compressor pressure ratio
is initial data for that calculation. Therefore, if in the beginning of
calculation we accept the value of compressor pressure ratio closely
located to its optimal value, then at the end we get the value of GTU's
efficiency almost maximum. On the contrary, if we accept the value of
compressor pressure ratio located far from its optimal value, then we
get the value of GTU's efficiency very small.
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Fig. 8. The efficiency of GTU versus сompressor pressure ratio

This is the reason for optimizing the parameters of the GTU's
thermodynamic cycle. During this optimization, we must fulfill several
thermal calculations of GTU with different initial values of compressor
pressure ratio. Based on the calculation results, a graph of the GTU's
efficiency versus the compressor pressure ratio is drawn. Using this
graph, the optimum value of compressor pressure ratio opt

k  is
determined.

Near the optimum value, the graph is very gentle and small
deviations from the optimum do not lead to a large decrease in
efficiency. For this reason, for the further calculation of GTU, the value
of the compressor pressure ratio k  is taken slightly less than optimal.

Smaller values of compressor pressure ratio reduce the number
of compressor stages and therefore reduce its complexity, size and
weight. Also increases the reliability of the compressor.

But the equation

005.0)( maxmax   ekee f
must be fulfilled. Efficiency reduction don't exceed 0.005.
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The fulfillment of this part of an individual task is presented in
Example 2.

Example 2
Perform the optimization of GTU's thermodynamic cycle

parameters for such initial data:
– output power of gas turbine unit eN  = 7 640 kW;
– HPT inlet temperature 3Т  = 1500 K;
– ambient temperature ambТ  = 288 K;
– basic gas turbine engine: UGT 6000 "Zorya-

Mashproekt".
At first, we must enter the initial data in the calculation program.

Considering the structural scheme and technical parameters of
UGT 6000, we set values of the varied parameters (Table 3) and enter
that values in the calculation program also.

Table 3
Values of the varied parameters

Parameter Value 

1. Ambient pressure ambp , MPa 0.101 

2. Inlet casing pressure coefficient inl  0.99 

3. Efficiency of single compressor stage kst.  0.90 

4. Compressor intersection pressure coefficient k  0.99 

5. Combustion chamber pressure coefficient сс  0.96 
6. Calorific value of fuel fQ , kJ/kg 42 915 

7. Stoichiometric coefficient 0L , kg/kg 14.78 

8. Combustion chamber efficiency cc  0.985 

9. Permissible blade metal temperature permT , K 1100 

10. Model air consumption mg  0.022 

11. HPC consumption coefficient 2k  0.995 
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Table 3
Parameter Value 

12. HPT efficiency 1t  0.88 

13. Mechanical coefficient for HPT and LPT 1m ( 2m ) 0.995 

14. LPT efficiency 2t  0.89 

15. Turbine intersection pressure coefficient t  0.995 

16. Exhaust casing pressure coefficient ex  0.99 

17. PT efficiency 3t  0.91 

18. Mechanical coefficient for PT 3m  0.99 
19. Reduction gear efficiency g  0.98 

Using the calculation program, we perform several GTU's
thermal calculations with different initial values of the compressor
pressure ratio k  (from 10 to 32). The values of GTU's efficiency e
obtained during the calculations are entered in Table 4.

Table 4
Results of GTU's optimization

k  10 11 12 13 14 15 16 17 

e  0.324 0.331 0.338 0.344 0.349 0.353 0.356 0.360 

k  18 19 20 21 22 23 24 25 

e  0.362 0.364 0.365 0.366 0.366 0.367 0.367 0.366 

k  26 27 28 29 30 31 32 

e  0.365 0.364 0.362 0.360 0.358 0.355 0.352 

 
Based on the optimization results, we draw a graph of the

dependence of GTU’s efficiency on the сompressor pressure ratio
(Fig. 9).
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Fig. 9. The dependence of GTU's efficiency
on the сompressor pressure ratio

We can see that maximum efficiency max
e  = 0.367 is achieved

with a pressure ratio opt
k  = 23.5. But from a designing point of view

for further thermal calculation of GTU at nominal operating
mode we choose the value of the compressor pressure ratio

k  = 21. In this case, the efficiency of GTU will be
)(  ke f  = 0.366.

The efficiency difference is very small

 eee
max 0.367 – 0.366 = 0.001,

but the value of pressure ratio was reduced significantly (from 23.5
to 21). We know that smaller values of compressor pressure ratio
reduce the number of compressor stages and therefore reduce its
complexity, size and weight. Also increases the reliability of the
compressor.
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4. THERMAL CALCULATION OF GAS TURBINE
UNIT AT NOMINAL OPERATING MODE

Thermal calculation of GTU at nominal operating mode is carried
out in order to find the values of parameters and consumptions of the
working fluid for its main parts: compressors, combustion chamber
and turbines. These data are needed to fulfill the calculations of the
mass-dimensional characteristics of the gas turbine unit, as well as the
thermodynamic calculations of these parts. Also at this step the
parameters of GTU’s efficiency and specific power are determined.

The fulfillment of this part of an individual task is presented in
Example 3.

Example 3
Perform the thermal calculation of GTU at nominal

operating mode for initial data and calculation results of
Example 2.

The results of thermal calculation are summarized in Table 5.

Table 5
Thermal calculation of GTU at nominal operating mode

Parameter Formula Result 
1. Ambient pressure ambp , 
MPa 

Accepted 0.101 

2. Ambient temperature 
ambТ , K Initial data for work 288 

3. Inlet casing pressure 
coefficient inl  0.98–0.99 0.99 

4. Pressure at point 1 (at the 
LPC inlet) 1p , MPa amb inlp   0.100 

5. Temperature at point 1 (at 
the LPC inlet) 1Т , K Equal to ambТ  288 
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Table 5
Parameter Formula Result 

6. Сompressor pressure ratio 
k  See Example 2 21 

7. HPC pressure ratio 2k   k , but  2k 4.4–4.6 4.50 

8. LPC pressure ratio 1k  
1k

k



   4.667 

9. Specific heat ratio for 
process in LPC 1ak   

In the first approximation is equal 
to 1.40 1.40 

10. Parameter 1am  
1

1 1

a

a

k
k




 0.286 

11. Efficiency of single 
compressor stage kst.  0.89–0.91 0.90 

12. Efficiency of LPC 1k  
1

1

.

1

1

1

1





 kst

а

а

m

k

m
k  0.877 

13. Actual temperature rise 
in LPC 1kТ , K  

1
11

111

k

m
k

aT


  181.7 

14. Temperature at point 2.1 
(at the LPC outlet) 1.2Т , K 11 kТТ   469.7 

15. Medium temperature in 
LPC 1mТ , K  1.212

1 TT   378.8 

16. Specific heat of air in 
LPC 1аpc , kJ/kg/K )( 1mTf  1.012 

17. Gas constant of air airR , 
kJ/kg/K 

Equal to 0.287 0.287 

18. Specific heat ratio for 
process in LPC 1ak  airаp

аp

Rc
c
1

1  1.396 
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Table 5
Parameter Formula Result 

19. Check of result 
If  01.0

1

11 


a

aa

k
kk , then  

11 aa kk   and you must return 
 to step 10 

0.003 

20. Pressure at point 2.1 (at 
the LPC outlet)  1.2p , MPa  1 1kp    0.467 

21. Compressor intersection 
pressure coefficient  k   0.99–1.0  0.99 

22. Pressure at point 1.2 (at 
the HPC inlet)  2.1p , MPa  2.1 kp    0.462 

23. Temperature at point 1.2 
(at the HPC inlet)  2.1Т , K  Equal to  1.2Т   469.7 

24. Specific heat ratio for 
process in HPC  2ak  

In the first approximation is equal 
to  1ak   1.37 

25. Parameter  2am  
2

2 1

a

a

k
k




  0.270 

26. Efficiency of HPC  2k  
1

1

.

2

2

2

2





 kst

а

а

m

k

m
k   0.879 

27. Actual temperature rise 
in HPC  2kТ , K   

2
22.1

112

k

m
k
aT


   267.9 

28. Temperature at point 2 
(at the HPC outlet)  2Т , K  22.1 kТТ    737.6 

29. Medium temperature in 
HPC  2mТ , K   22.12

1 TT    603.6 

30. Specific heat of air in 
HPC  2аpc , kJ/kg/K  )( 2mTf   1.062 

31. Specific heat ratio for 
process in HPC  2ak   airаp

аp

Rc
c
2

2   1.370 
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Table 5
Parameter Formula Result 

32. Check of result 
If 01.0

2

22 


a

aa

k
kk , then  

22 aa kk   and you must return  
to step 25 

0.0003 

33. Pressure at point 2 (at the 
HPC outlet) 2p , MPa 1.2 2kp   2.079 

34. Combustion chamber 
pressure coefficient сс  0.96–0.98 0.96 

35. HPT inlet pressure 3p , MPa 2 ссp   1.996 
36. HPT inlet temperature 3T , K Initial data for work 1500 

37. Specific heat of air 
2

293

T

аpc , 

kJ/kg/K 

2 293( )
2m

Tf T 
  1.043 

38. Specific heat of air 
3

293

T

аpc , 

kJ/kg/K 
)

2
293( 3 

TTf m  1.119 

39. Specific heat of "pure" gas 
3

293

T

gpc , kJ/kg/K )1,
2
293( 3 




TTf m  1.235 

40. Calorific value of fuel fQ , 
kJ/kg 

Accepted 42 915 

41. Stoichiometric coefficient 
0L , kg/kg Accepted 14.78 

42. Combustion chamber 
efficiency cc  0.985–0.995 0.985 

43. Relative fuel consumption 
fg   29330

3

293
)10(

3

293

)2932(
2

293
)2933(

3

293





















TL
T

apcL
T

gpсccfQ

T
T

apcT
T

apc
 

0.0229 
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Table 5
Parameter Formula Result 

44. Excess air coefficient in 
the combustion chamber   0

1
Lg f

 2.953 

45. Permissible blade metal 
temperature for HPT permT , 
K 

1073–1123 1100 

46. Cooling air temperature 
coolT , K Equal to 2Т  737.6 

47. Coefficient а  
If 1003  permTT , then а  = 1.7; 

if 1003  permTT , 
 then а  = 1.4–1.3 

1.30 

48. Heat transfer coefficient at 
the ends of the blades bk  1.05–1.10 1.05 

49. Model air consumption mg  0.020–0.025 0.022 
50. Simplified value of HPT 
consumption coefficient 1t  Equal to 0.90 0.90 

51. Number of cooled blade 
rows for HPT 1.cooln  

 )15.0...11.0(1lg

lg2
3


T

Tperm

 2 

52. Specific cooling  
air consumption for  
HPT 1.coolg 1 

 .1
1

1
2

cool
b m t

n
ak g


   

 
 

0.25
3 3perm

coolperm cool

T T T
TT T

  
  

  
 

0.0534 

1 You must remember that:
– the maximum value of 1.cooln  for single-stage HPT is 2;
– if permTT 3 , then HPT blades do not need to be cooled. Then 1.cooln  = 0

and 1.coolg  = 0.
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Table 5
Parameter Formula Result 

53. Simplified gas tempe-
rature at the LPT inlet 2.3Т  , K 2

9.0 2
3

kТТ 
  1379.4 

54. Permissible blade metal 
temperature for LPT permT , K 1073–1123 1100 

55. Coefficient а  
If 1002.3  permTT , then а  = 1.7; 

if 1002.3  permTT , 
 then а  = 1.4–1.3 

1.30 

56. Simplified value of LPT 
consumption coefficient 2t  Equal to 0.98 0.98 

57. Number of cooled blade 
rows for LPT 2.cooln  

 )15.0...11.0(1lg

lg2
2.3


T

Tperm

 2 

58. Specific cooling air 
consumption for LPT 2.coolg 2 

 .2
2

1
2

cool
b m t

n
ak g


   

 
 

0.25
3.2 3.2perm

coolperm cool

T T T
TT T

   
  

  
 

0.0398 

59. HPC consumption 
coefficient 2k  0.99–1.0 0.995 

60. Combustion chamber 
consumption coefficient cc  011.02.1.2  coolcoolk gg  0.891 

61. HPT consumption 
coefficient 1t  

2

(1 )f cc

k

g 


 0.916 

62. LPT consumption 
coefficient 2t  1 2 .1 0.006t k coolg     0.971 

2You must remember that:
– the maximum value of 1.cooln  for single-stage HPT is 2;
– if permTT 3 , then HPT blades do not need to be cooled. Then 1.cooln  = 0

and 1.coolg  = 0.
'3.2

2

2

2
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Parameter Formula Result 
63. PT consumption coefficient 

3t  004.02.2  coolt g  1.014 

64. Exhaust casing consumption 
coefficient ex  004.03 t  1.018 

65. HPT efficiency 1t  0.86–0.88 0.88 
66. Medium gas temperature in 
HPT 1mT , K 

2
3

1

0.9
2

k

t

TТ 



 1363.0 

67. Specific heat of gas for 
process in HPT 1gpc , kJ/kg/K ),( 1 mTf  1.253 

68. Gas constant of turbine gas 
gasR , kJ/kg/K 0.288–0.290 0.288 

69. Specific heat ratio of gas 
for process in HPT 1gk  

gasgp

gp

Rc
c
1

1  1.298 

70. Mechanical coefficient for 
HPT 1m  0.99–0.995 0.995 

71. Power balance ratio for 
HPC and HPT 2C  

2

1 1 1

p a

t p g m

c
c 

 0.930 

72. Actuak temperature drop in 
HPT 1tT , K 2 2kC T  249.2 

73. Simplified gas temperature 
at the HPT outlet 1.4T , K 13 tTT   1250.8 

74. Specific heat of gas for 
process of mixing colling air 
with gas flow in HPT 1gmpc , 
kJ/kg/K 

),( 1.4 Tf  1.234 

75. Specific heat of air for 
process of mixing colling air 
with gas flow in HPT 1ampc , 
kJ/kg/K 

)( 1.4Tf   1.177 

Table 5
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Table 5
Parameter Formula Result 

76. Gas temperature at the 
HPT outlet 1.4T , K 

 
2 1

4.1
2 1 .1

k t

k t cool

T
g

   
  

 

1 .1

1 2 1 .1( )
pam cool

cool
p gm k t cool

c g
T

c g


  
 

1220.5 

77. HPT pressure ratio 1t  
g1

g1 1
3 1

3 1 1

k
k

t

t t

T
T T

 
    

 2.485 

78. Pressure at point 4.1 (at 
the HPT outlet) 1.4p , MPa 1

3

t

p


 0.803 

79. Temperature at point 3.2 
(at the LPT inlet) 2.3T  , K Equal to  1.4T  1220.5 

80. Pressure at point 3.2 (at 
the LPT inlet) 2.3p , MPa Equal to 1.4p  0.803 

81. LPT efficiency 2t  0.88–0.90 0.89 
82. Medium gas temperature 
in LPT 2mT , K 

1
3.2

2

0.9
2

k

t

TТ 



 1128.7 

83. Specific heat of gas for 
process in LPT 2gpc , 
kJ/kg/K 

),( 2 mTf  1.212 

84. Specific heat ratio of gas 
for process in LPT 2gk  

gasgp

gp

Rc
c
2

2  1.312 

85. Mechanical coefficient 
for LPT 2m  0.99–0.995 0.995 

86. Power balance ratio for 
LPC and LPT 1C   

1

2 2 2

pa

t p g m

c
c 

 0.865 

87. Actual temperature drop 
in LPT 2tT , K 1 1kC T  157.1 

88. Simplified gas 
temperature at the LPT 
outlet 2.4T  , K 

22.3 tTT   1063.4 
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Table 5
Parameter Formula Result 

89. Specific heat of gas for 
process of mixing colling air 
with gas flow in LPT 

2gmpc , kJ/kg/K 
),( 2.4 Tf  1.199 

90. Specific heat of air for 
process of mixing colling air 
with gas flow in LPT 

2ampc , kJ/kg/K 
)( 2.4Tf   1.148 

91. Gas temperature at the 
LPT outlet 2.4T , K 

 
2

4.2
2 .2

t

t cool

T
g

  
 

2 .2

2 2 .2( )
p am cool

cool
p gm t cool

c g
T

c g


 
 

1049.3 

92. LPT pressure ratio 2t  
g2

g2 1
3.2 2

3.2 2 2

k
k

t

t t

T
T T

 
    

 1.930 

93. Pressure at point 4.2 (at 
the LPT outlet) 2.4p , MPa 2

2.3

t

p


 0.416 

94. Turbine intersection 
pressure coefficient t  0.99–0.995 0.995 

95. Temperature at point 3.3 
(at the PT inlet) 3.3T , K Equal to 2.4T  1049.3 

96. Pressure at point 3.3 (at 
the PT inlet) 3.3p , MPa 4.2 tp   0.414 

97. Exhaust casing pressure 
coefficient ex  0.98–0.99 0.99 

98. Pressure at point 4 (at 
the PT outlet) 4p , MPa 

ex

ambp


 0.102 

99. PT pressure ratio 3t  
4

3.3
p
p  4.059 

100. Simplified medium gas 
temperature in PT 3mT , K 4

21
3.3

kk TT
Т


  936.9 
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Parameter Formula Result 
101. Specific heat of gas for 
process in PT 3gpc , kJ/kg/K ),( 3 mTf  1.173 

102. Specific heat ratio of 
gas for process in PT 3gk  

gasgp

gp

Rc
c
3

3  1.325 

103. PT efficiency 3t  0.90–0.91 0.91 

104. Actual temperature 
drop in PT 3tT , K g3

g 3

3.3 31

3

11 tk
k

t

T 

 
 
  

   

 278.0 

105. Temperature at point 4 
(at the PT outlet) 4T , K 33.3 tTT   771.4 

106. Medium gas 
temperature in PT 3mT , K 3

3
3.3 2 t

tT
Т




  896.6 

107. Mechanical coefficient 
for PT 3m  0.99–0.995 0.99 

108. Specific power spN , 
kW·s/kg 

3 3 3 3p g t t inl mc T     324.1 

109. Reduction gear 
efficiency g  0.97–0.98 0.98 

110. Output power of GTU 
eN , kW Initial data for work 7640 

111. Specific air mass flow 
through LPC spkG .1 , kg/s 

e

sp g

N
N 

 24.1 

112. Air mass flow through 
LPC 1kG , kg/s 1.k sp inlG   23.8 

113. Air mass flow through 
HPC 2kG , kg/s 1 2k kG   23.7 

114. Air mass flow through 
combustion chamber ccG , 
kg/s 

1k ccG   21.2 

Table 5
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Table 5
Parameter Formula Result 

115. Fuel consumption fG , 
kg/hr 

3600 cc fG g  1749.8 

116. Gas mass flow through 
HPT 1tG , kg/s 2 1k tG   21.7 

117. Cooling air 
consumption through HPT 

1.coolG , kg/s 
1 .1k coolG g  1.3 

118. Gas mass flow through 
LPT 2tG , kg/s 1 2k tG   23.1 

119. Cooling air 
consumption through LPT 

2.coolG , kg/s 
1 .2k coolG g  0.9 

120. Gas mass flow through 
PT 3tG , kg/s 1 3k tG   24.2 

121. Gas mass flow through 
exhaust casing exG , kg/s 1k exG   24.3 

122. Specific fuel 
consumption eg , kg/kW/hr 

e

f

N
G

 0.229 

123. GTU's efficiency e  
3600

e fg Q
 0.366 
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5. CALCULATION
OF THE COMPRESSOR DIMENSIONS

The function of the GTU's compressor part is to increase the
pressure of the working fluid (atmospheric air). The compressor is
driven by the power from the turbine of the same GTU.

The gas turbine units use the compressors of high efficiency and
mass flow. These are such types of vane compressors as:

– axial-flow compressors;
– centrifugal-flow compressors;
– axial-centrifugal-flow compressors.
Currently the dominant type of GTU's compressor is an axial-

flow multistage compressor. The use of the remaining types is limited
only by some narrow fields of application in which the use of an axial-
flow compressor is undesirable for one reason or another.

Consider the determination of the main dimensions of the GTU's
compressor part based on axial-flow multistage compressors.

First of all, the radial and axial dimensions of low pressure
compressor (LPC) and high pressure compressor (HPC) will be
determined. The number of compressors stages and the speed of their
rotors will be estimated also. As a result of these calculations, data
will be obtained to sketch the layout of GTU's compressor part.

When designing the GTU and sketching its layout, the dimensions
of compressor transitional parts (inlet casing, front casing, intersection,
rear casing) are determined, focusing on the design of the existing
marine GTUs. During designing care should be taken to ensure that
the direction of the flow line has no sharp fractures. Sudden changes
in the flow direction caused by significant fluctuations of the medium
diameters of the parts lead to increased losses of pressure and, as
a consequence, to decreased efficiency of the GTU.

The dimensions of the GTU's compressors are calculated
sequentially, starting with LPC. The scheme of low pressure
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compressor is shown in Fig. 10. The steps for calculating LPC
dimensions are given below.

Fig. 10. The scheme of low pressure compressor

1) The following parameters were determined during thermal
calculation of GTU at nominal operating mode:

– air mass flow through LPC 1kG ;
– temperature at point 1 (at the LPC inlet) 1Т ;
– pressure at point 1 (at the LPC inlet) 1p .
2) Specific heat of air at the LPC inlet is determined depending

on the temperature 1T :
1аpc  = )( 1Tf .

3) Specific heat ratio for air at the LPC inlet

1ak  = 
airаp

аp

Rc
c
1

1 ,

where airR  = 0.287 kJ/kg/K – gas constant of air..
4) Circumferential velocity at outer diameter of the LPC inlet is

equal to:

1.outu  = 270–340 m/s.

(If we calculates HPC, then 2.1.outu  = 240–340 m/s.)
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5) Axial velocity at the LPC inlet

1ac  =   .55.0...45.0 1.outu

6) Specific flow velocity at the LPC inlet

1ac  = .
10

1
2 3

1
1

1

1




TR
k

k
c

air
a

a

a

7) Gas-dynamic flow density function at the LPC inlet

)(
1acq   = .

1
11

2
1 1

1

2

1

11 1

11































a

aa

k
c

a

aa
c k

kk

8) Required flow area at the LPC inlet

1F  = .

10)(
101

2 6
13

11
1

1

11

1

1

1

















a

a

a

c
air

ak
k

a

k

qp
R

k
k

TG

9) Diameter ratio for LPC is equal to:


1.

1.
1

out

in
D
Dd 0.45–0.55.

(If we calculates HPC, then 2.1d  = 0.70–0.85.)
10) Outer diameter at the LPC inlet

1.outD  =  
1

2
1

4
1

F
d 

.
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11) LPC rotor speed

1kn  = .60

1.

1.

out

out
D
u



(The LPC rotor speed must be less than HPC rotor speed. The
equation   21 kk nn   must be executed.)

12) Inner diameter at the LPC inlet

1.inD  = 11. dDout .

13) Length of the first stage blades

1l  =  1.1.5.0 inout DD  .

14) Medium diameter at the LPC inlet

1.mD  =  1.1.5.0 inout DD  .

15) The following parameters were determined during thermal
calculation of GTU at nominal operating mode:

– pressure at point 2.1 (at the LPC outlet) 1.2p ;
– temperature at point 2.1 (at the LPC outlet) 1.2Т .
16) Specific heat of air at the LPC outlet

1.2аpc  = )( 1.2Tf .

17) Specific heat ratio for air at the LPC outlet

1.2ak  = .
1.2

1.2

airаp

аp

Rc
c



18) Axial velocity at the LPC outlet

1.2ac  =   195.0...90.0 ac .



54

19) Specific flow velocity at the LPC outlet

1.2ac  = .
10

1
2 3

1.2
1.2

1.2

1.2




TR
k

k
c

air
a

a

a

20) Gas-dynamic flow density function at the LPC outlet

)(
1.2acq   = .

1
11

2
1 1

1

2

1.2

1.21.2 1.2

1.21.2































a

aa

k
c

a

aa
c k

kk

21) Required flow area at the LPC outlet

1.2F  = .

10)(
101

2 6
1.23

1.21
1

1.2

1.21

1.2

1.2

1.2

















a

a

a

c
air

ak
k

a

k

qp
R

k
k

TG

22) Choosing the compressor stages layout. For LPC this is a
layout with a constant outer diameter constDout  . Then outer
diameter at the LPC outlet:

1.2.outD  = 1.outD .

(For HPC we choose a layout with a constant inner diameter
constDin   and inner diameter at the LPC outlet 2.inD  = 2.1.inD .)

23) Inner diameter at the LPC outlet

1.2.inD  = .4
1.2

2
1.2. FDout 

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(For HPC we calculate outer diameter at the LPC outlet

2.outD  = .4
2

2
2. FDin 
 )

24) Length of the last stage blades

1.2l  =  1.2.1.2.5.0 inout DD  .

25) Medium diameter at the LPC outlet

1.2.mD  =  1.2.1.2.5.0 inout DD  .

26) The LPC pressure ratio 1k  was determined during thermal
calculation of GTU at nominal operating mode.

27) Pressure ratio of single LPC stage is equal to:

kst.  = 1.20–1.30.

(For HPC kst.  = 1.15–1.20.)
28) Number of LPC stages (round to integer value)

1kz  = .
lg
lg

.

1

kst

k



29) Medium LPC diameter

)(5.0 1.21 mmmk DDD  .

30) Medium length of LPC blades

)(5.0 1.21 lllmk  .
31) Ratio

.
mk

mk
k l

D


32) Coefficient )( kk f   is determined using Table 6.
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Table 6
Values of coefficient k

k 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
 k 0.91 1.02 1.12 1.21 1.29 1.37 1.47 1.54 1.60 1.65 1.71 1.75 1.81 1.85 1.88 

33) Axial dimension of single LPC stage

mkkkst lb . .

34) Axial dimension of LPC main casing (without length of inlet
casing, front casing and rear casing)

1kL  = kstk bz .1 .

35) Axial dimension of inlet casings for "Zorya-Mashproekt"
engines is

1.)40.0...35.0( outinl DL  .

36) Axial dimension of front casing

1.)35.0...30.0( outfr DL  .

37) Axial dimension of intersection between LPC and HPC

1.2.. )35.0...30.0( outkint DL  .
The calculation of the HPC is carried out according to the same

formulas considering the comments made earlier.
The fulfillment of this part of an individual task is presented in

Example 4.

Example 4
Determine the main dimensions of the GTU's compressor

part for initial data and calculation results of Examples 2 and 3.
From the analysis of the basic gas turbine engine UGT 6000, we

know that the GTU's compressor part consists of an inlet casing, front
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casing, low pressure compressor, intersection, high pressure
compressor and rear casing.

The calculation of LPC, inlet casing, front casing and intersection
is summarized in Table 7.

Table 7
Calculation of LPC, inlet casing, front casing and intersection

Parameter Formula Result 
1. Air mass flow through 
LPC 1kG , kg/s Table 5 23.8 

2. Temperature at point 1 
(at the LPC inlet) 1Т , K Table 5 288 

3. Pressure at point 1 (at 
the LPC inlet) 1p , MPa Table 5 0.100 

4. Specific heat of air at 
the LPC inlet 1аpc , 
kJ/kg/K 

)( 1Tf  0.991 

5. Gas constant of air 
airR , kJ/kg/K Equal to 0.287 0.287 

6. Specific heat ratio for 
air at the LPC inlet 1ak  

airаp

аp

Rc
c
1

1  1.408 

7. Circumferential velocity 
at outer diameter at the 
LPC inlet 1.outu , m/s 

Accepted 270 

8. Axial velocity at the 
LPC inlet 1ac , m/s   1.55.0...45.0 outu  135 

9. Specific flow velocity at 
the LPC inlet 

1ac   3
1

1

1

1

10
1

2



TR

k
k

c

air
a

a

a  
0.434 

10. Gas-dynamic flow 
density function at the 
LPC inlet )(

1acq   
1

1

2

1

11 1

11 1
1

1
2

1 





























a

aa

k

c
a

aa
c k

kk
 0.632 
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Table 7
Parameter Formula Result 

11. Required flow area at 
the LPC inlet 1F , m2 6

13
11

1

1

11

10)(
101

2
1

1

1

















a

a

a

c
air

ak
k

a

k

qp
R

k
k

TG  

0.158 

12. Diameter ratio for 
LPC 1d  Accepted 0.50 

13. Outer diameter at the 
LPC inlet 1.outD , m  2

1

1

1
4

d
F


 0.518 

14. LPC rotor speed 1kn , rpm 
1.

1.60

out

out

D
u


 9 962 

15. Inner diameter at the 
LPC inlet 1.inD , m 11. dDout  0.259 

16. Length of the first stage 
blades 1l , m  1.1.5.0 inout DD   0.129 

17. Medium diameter at the 
LPC inlet 1.mD , m  1.1.5.0 inout DD   0.388 

18. Pressure at point 2.1 (at 
the LPC outlet) 1.2p , MPa Table 5 0.467 

19. Temperature at point 2.1 
(at the LPC outlet) 1.2Т , K Table 5 469.7 

20. Specific heat of air at the 
LPC outlet 1.2аpc , kJ/kg/K )( 1.2Tf  1.033 

21. Specific heat ratio for air 
at the LPC outlet 1.2ak  airаp

аp

Rc
c

1.2

1.2  1.385 

22. Axial velocity at the 
LPC outlet 1.2ac , m/s   195.0...90.0 ac  121.5 

23. Specific flow velocity at 
the LPC outlet 

1.2ac  3
1.2

1.2

1.2

1.2

10
1

2



TR

k
k

c

air
a

a

a  
0.307 
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Table 7
Parameter Formula Result 

24. Gas-dynamic flow 
density function at the 
LPC outlet )(

1.2acq   
1

1

2

1.2

1.21.2 1.2

1.21.2 1
11

2
1 





























a

aa

k

c
a

aa
c k

kk  0.466 

25. Required flow area at 
the LPC outlet 1.2F , m2 

6
1.23

1.21
1

1.2

1.21

10)(
101

2
1.2

1.2

1.2

















a

a

a

c
air

ak
k

a

k

qp
R

k
k

TG

 

0.059 

26. Compressor stages 
layout Accepted constDout    

27. Outer diameter at the 
LPC outlet 1.2.outD , m Equal to 1.outD  0.518 

28. Inner diameter at the 
LPC outlet 1.2.inD , m 1.2

2
1.2.

4 FDout 
  0.439 

29. Length of the last stage 
blades 1.2l , m  1.2.1.2.5.0 inout DD   0.039 

30. Medium diameter at 
the LPC outlet 1.2.mD , m  1.2.1.2.5.0 inout DD   0.479 

31. LPC pressure ratio 1k  Table 5 4.667 
32. Pressure ratio of single 
LPC stage kst.  Accepted 1.25 

33. Number of LPC stages 
(round to integer value) 

1kz  kst

k

.

1

lg
lg

  7 (6.90) 

34. Medium LPC diameter 
mkD , m )(5.0 1.21 mm DD   0.434 

35. Medium length of LPC 
blades mkl , m )(5.0 1.21 ll   0.084 

36. Ratio k  
mk

mk

l
D  5.14 

37. Coefficient k  )( kf  (see Table 6) 1.04 
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Table 7
Parameter Formula Result 

38. Axial dimension of 
single LPC stage kstb . , m mkkl  0.088 

39. Axial dimension of 
LPC main casing 1kL , m kstk bz .1  0.614 

40. Axial dimension of 
inlet casing inlL , m 1.)40.0...35.0( outD  0.207 

41. Axial dimension of 
front casing frL , m 1.)35.0...30.0( outD  0.181 

42. Axial dimension of 
intersection between LPC 
and HPC kintL . , m 

1.2.)35.0...30.0( outD  0.180 

The calculation of high pressure compressor and rear casing is
summarized in Table 8.

Table 8
Calculation of high pressure compressor and rear casing

Parameter Formula Result 
1. Air mass flow through 
HPC 2kG , kg/s 

Table 5 23.7 

2. Temperature at point 1.2 
(at the HPC inlet) 2.1Т , K Table 5 469.7 

3. Pressure at point 1.2 (at the 
HPC inlet) 2.1p , MPa Table 5 0.462 

4. Specific heat of air at the 

HPC inlet 2.1аpc , kJ/kg/K 
)( 2.1Tf  1.033 

5. Gas constant of air airR , 

kJ/kg/K 
Equal to 0.287 0.287 
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Parameter Formula Result 
6. Specific heat ratio for air at 
the HPC inlet 2.1ak  airаp

аp

Rc
c

2.1

2.1  1.385 

7. Circumferential velocity at 
outer diameter at the HPC 
inlet 2.1.outu , m/s 

Accepted 240 

8. Axial velocity at the HPC 
inlet 2.1ac , m/s 

  2.1.55.0...45.0 outu  108 

9. Specific flow velocity at 
the HPC inlet 

2.1ac   3
2.1

2.1

2.1

2.1

10
1

2



TR

k
k

c

air
a

a

a  
0.273 

10. Gas-dynamic flow density 
function at the HPC inlet 

)(
2.1acq   

1
1

2

2.1

2.12.1 2.1

2.12.1 1
11

2
1 





























a

aa

k

c
a

aa
c k

kk  0.418 

11. Required flow area at the 
HPC inlet 2.1F , m2 6

2.13
2.11

1

2.1

2.12

10)(
101

2
2.1

2.1

2.1

















a

a

a

c
air

ak
k

a

k

qp
R

k
k

TG
 

0.066 

12. Diameter ratio for HPC 

2.1d  
Accepted 0.70 

13. Outer diameter at the 
HPC inlet 2.1.outD , m  2

2.1

2.1

1
4

d
F


 0.406 

14. HPC rotor speed 2kn , rpm 
2.1.

2.1.60

out

out

D
u


 11 290 

15. Inner diameter at the HPC 
inlet 2.1.inD , m 2.12.1. dDout  0.284 

Table 8



62

Table 8
Parameter Formula Result 

16. Length of the first stage 
blades 2.1l , m  2.1.2.1.5.0 inout DD   0.061 

17. Medium diameter at the 
HPC inlet 2.1.mD , m  2.1.2.1.5.0 inout DD   0.345 

18. Pressure at point 2 (at the 
HPC outlet) 2p , MPa Table 5 2.079 

19. Temperature at point 2 (at 
the HPC outlet) 2Т , K Table 5 737.6 

20. Specific heat of air at the 
HPC outlet 2аpc , kJ/kg/K )( 2Tf  1.089 

21. Specific heat ratio for air 
at the HPC outlet 2ak  airаp

аp

Rc
c
2

2  1.358 

22. Axial velocity at the HPC 
outlet 2ac , m/s   2.195.0...90.0 ac  97 

23. Specific flow velocity at 
the HPC outlet 

2ac  3
2

2

2

2

10
1

2 


TR
k

k
c

air
a

a

a  
0.197 

24. Gas-dynamic flow density 
function at the HPC outlet 

)(
2acq   

1
1

2

2

22 2

22 1
11

2
1 





























a

aa

k

c
a

aa
c k

kk

 

0.307 

25. Required flow area at the 
HPC outlet 2F , m2 6

23
21

1

2

22

10)(
101

2
2

2

2

















a

a

a

c
air

ak
k

a

k

qp
R

k
k

TG

 

0.025 

26. Compressor stages layout Accepted constinD     
27. Inner diameter at the HPC 
outlet 2.inD , m Equal to 2.1.inD  0.284 
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Table 8
Parameter Formula Result 

28. Outer diameter at the 
HPC outlet 2.outD , m 2

2
2.

4 FDin 
  0.336 

29. Length of the last stage 
blades 2l , m  2.2.5.0 inout DD   0.026 

30. Medium diameter at the 
HPC outlet 2.mD , m  2.2.5.0 inout DD   0.310 

31. HPC pressure ratio 2k  Table 5 4.583 
32. Pressure ratio of single 
HPC stage kst.  Accepted 1.185 

33. Number of HPC stages 
(round to integer value) 2kz  kst

k

.

2

lg
lg

  9 (8.97) 

34. Medium HPC diameter 
mkD , m )(5.0 22.1 mm DD   0.328 

35. Medium length of HPC 
blades mkl , m )(5.0 22.1 ll   0.043 

36. Ratio k  
mk

mk

l
D  7.55 

37. Coefficient k  )( kf   (see Table 6) 1.42 
38. Axial dimension of single 
HPC stage kstb . , m mkkl  0.062 

39. Axial dimension of HPC 
main casing 2kL , m kstk bz .2  0.555 

40. Axial dimension of rear 
casing rL , m 2.)40.0...35.0( outD  0.162 
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6. СALCULATION
OF THE COMBUSTION CHAMBER DIMENSIONS

The function of GTU's combustion chamber is to heat the working
fluid by burning hydrocarbon fuel.

In the combustion chambers of gas turbine units, the burning of
fuel (liquid or gaseous) is carried out directly in the air flow coming
from the compressor. The chemical energy of the fuel is converted
into heat and transferred to the working fluid, which then moves to the
turbine part of the GTU.

Depending on the type of fuel used, the application and structural
scheme of the gas turbine unit, various types and layouts of combustion
chambers are used.

By connecting with other parts of the gas turbine units, the
combustion chambers are divided into external and built-in combustion
chambers.

In turn, by design the built-in combustion chambers can be divided
into:

– annular combustion chambers;
– multiple combustion chambers;
– tubo-annular (can-annular) combustion chambers;
– individual combustion chambers.
And according to the working fluid movement, the built-in

combustion chambers can be straight-flow or reverse-flow ones.
Consider the calculation of the reverse-flow tubo-annular

combustion chamber. The choice of that type of combustion chamber
is explained by the fact that this type is dominant for "Zorya-
Mashproekt" gas turbine units. Therefore, reverse-flow tubo-annular
combustion chamber will be part of gas turbine units for most individual
tasks.

Calculation of the combustion chamber is performed using statistics
on existing designs of GTU's combustion chambers.
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The scheme of reverse-flow combustion chamber is shown in
Fig. 11.

 

Fig. 11. The scheme of reverse-flow combustion chamber

A reverse-flow combustion chamber in a gas turbine unit with an
axial-flow compressor is located above the outer casing of the high
pressure compressor. After this compressor, air passes through its
rear casing. Then it rotates at 180o and enters the annular space
between the casings and flame tubes of the combustion chamber.
Before entering the snout, there is another turn of the air flow by 180o.

As a result, we have a very strong vortex air flow in the annular
space, which provides a uniform distribution of dilution air between
the flame tubes. To ensure this, the medium diameter of the flame
tubes installation is calculated as geometric.

The steps for calculating the reverse-flow tubo-annular combustion
chamber dimensions are given below.

1) The following parameters were determined during thermal
calculation of GTU at nominal operating mode:

– fuel consumption fG ;
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– calorific value of fuel fQ ;
– stoichiometric coefficient 0L ;
– combustion chamber efficiency cc ;
– pressure at point 2 (at the HPC outlet) 2p ;
– air mass flow through combustion chamber ccG ;
– temperature at point 2 (at the HPC outlet) 2Т .
2) Heat load on the combustion chamber working volume for

marine GTUs is equal to:

vQ  = 700–1000 kJ/m3/hr/Pa.
3) Combustion chamber working volume (internal volume of the

flame tubes)

.
106

2 




pQ

QG
V

v

ccff
ft

4) Number of flame tubes ftn  is accepted with further clarification
(in step 18). In a first approximation, it is taken equal to the number of
flame tubes of the basic gas turbine unit.

5) Internal volume of the single flame tube

.
ft

ft
ft n

V
v 

6) Coefficient of flame tube non-cylindricity is equal to:

a  = 0.70–0.75.
7) Relative length of the flame tube

l  3–4.
8) Diameter of the flame tube

.
4

3
al

v
d ft

ft 

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9) Flame tube length

.ldl ftft 

10) Circumferential clearance between flame tubes

  .20.0...10.0 ftd

11) Medium diameter of the flame tubes installation

180sin

ft
m

ft

d
D

n

 


 
  
 

.

12) Primary combustion air excess coefficient is equal to:

pr  = 1.2–1.6.

13) Air mass flow through the snouts of all flame tubes

.
3600

0LG
G fpr

pr




14) Air mass flow through the gap between casing and flame
tubes

.prccch GGG 

15) Cross-section area of all flame tubes

.
4

2
ftftft ndF 



16) Summary cross-section area of the combustion chamber

.)5.2...2.2( ftcc FF 
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17) Diameter of the combustion chamber inner casing

.
m

cc
min D

FDD




18) At this step, we must check the layout of the combustion
chamber with the compressor part of GTU. Our combustion chamber
is reverse-flow and is located above the high pressure compressor.
Therefore, the diameter of the inner casing of the combustion chamber
must be higher than the outer diameters of this compressor:

2.1.outin DD   and 2.outin DD  .

If this check is not performed, we need to re-accept the number
of flame tubes in step 4. An increase in the number of flame tubes
leads to an increase in the diameter of the combustion chamber inner
casing.

When you checking the layout of the combustion chamber, it must
be remembered that the equation 2.1.outin DD   is also not desirable.
The number of flame tubes should be chosen as the minimum for the
correct combustion chamber layout.

19) Diameter of the combustion chamber outer casing

.
m

cc
mout D

FDD




20) Combustion chamber length

ftcc lL )2,1...1,1( .
The fulfillment of this part of an individual task is presented in

Example 5.
Example 5

Determine the main dimensions of the reverse-flow tubo-
annular combustion chamber for initial data and calculation
results of Examples 2–4.
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We know that the basic gas turbine engine UGT 6000 has
10 flame tubes. But your initial data and designing results are not
completely identical with the basic engine. For that reason we must
perform several calculations of combustion chamber for different values
of . After calculations, we will choose the number of flame tubes most
optimal for layout of our gas turbine unit.

A series of combustion chamber calculations are summarized in
Table 9.

Table 9
Calculation of the combustion chamber

Parameter Formula Result 
1. Fuel consumption fG , kg/hr Table 5 1750 
2. Calorific value of fuel fQ , 
kJ/kg 

Table 5 42915 

3. Stoichiometric coefficient 
0L , kg/kg Table 5 14.78 

4. Combustion chamber 
efficiency cc  Table 5 0.985 

5. Pressure at point 2 (at the 
HPC outlet) 2p , MPa Table 5 2.079 

6. Air mass flow through 
combustion chamber ccG , kg/s Table 5 21.2 

7. Temperature at point 2 (at 
the HPC outlet) 2Т , K Table 5 737.6 

8. Heat load on the combustion 
chamber working volume vQ , 
kJ/m3/hr/Pa 

Accepted 900 

9. Combustion chamber 
working volume ftV  , m3 6

2 10



pQ

QG

v

ccff  0.0395 

10. Number of flame tubes ftn  Accepted 8 10 12 14 16 
11. Internal volume of the 
single flame tube ftv , m3 

ft

ft

n
V

 

0.
00

49
 

0.
00

40
 

0.
00

33
 

0.
00

28
 

0.
00

25
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Table 9

Parameter Formula Result 
12. Coefficient of flame tubes 
non-cylindricity a  Accepted 0.7 

13. Relative length of the flame 
tubes l  

Accepted 3.5 

14. Diameter of the flame tube 
ftd , m 3

4
al

v ft


 

0.
13

7 
0.

12
7 

0.
12

0 

0.
11

4 

0.
10

9 

15. Flame tube length ftl , m ld ft  

0.
47

9 
0.

44
5 

0.
41

9 

0.
39

8 

0.
38

0 

16. Circumferential clearance 
between flame tubes  , m 

  ftd20.0...10.0  

0.
02

1 
0.

01
9 

0.
01

8 

0.
01

7 

0.
01

6 

17. Medium diameter of the 
flame tubes installation mD , m 180sin

ft

ft

d

n

 

 
  
 

 

0.
41

2 
0.

47
3 

0.
53

2 

0.
58

8 

0.
64

1 

18. Primary combustion air 
excess coefficient pr  Accepted 1.5 

19. Air mass flow through the 
snouts of all flame tubes prG , 
kg/s 3600

0LG fpr
 10.8 

20. Air mass flow through the 
gap between casing and flame 
tubes chG , kg/s 

prcc GG   10.4 

21. Cross-section area of all 
flame tubes ftF , m2 ftft nd 2

4
  

0.
11

78
 

0.
12

69
 

0.
13

49
 

0.
14

20
 

0.
14

84
 

22. Summary cross-section area 
of the combustion chamber 

ccF , m2 
ftF)5.2...2.2(  

0.
27

69
 

0.
29

82
 

0.
31

69
 

0.
33

36
 

0.
34

88
 

23. Diameter of the combustion 
chamber inner casing inD , m m

cc
m D

FD


  

0.
19

8 

0.
27

3 

0.
34

2 

0.
40

7 

0.
46

8 
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Parameter Formula Result 
24. Diameter of the combustion 
chamber outer casing outD , m m

cc
m D

FD


  

0.
62

6 

0.
67

4 

0.
72

2 

0.
76

8 

0.
81

4 

25. Combustion chamber 
length ccL , m ftl)2.1...1.1(  

0.
55

1 

0.
51

2 

0.
48

2 

0.
45

7 

0.
43

8 

Table 9

From Table 9 we can see that an increase in the number of flame
tubes ftn  (row 10) leads to an increase in the diameter of the
combustion chamber inner casing inD  (row 23).

Choose the value of ftn  = 14. This value satisfies the equations:

2.1.outin DD   (0.407 > 0.406)
and

2.1.outin DD   (0.407 > 0.336).

The number of flame tubes was chosen as the minimum for the
correct combustion chamber layout.
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7. СALCULATION OF THE TURBINE DIMENSIONS

The function of the GTU's turbine part is to produce the mechanical
energy of rotation.

The turbine is a heat engine in which the potential energy of the
working fluid is converted into mechanical energy of the rotor. The
potential energy is characterized by an enthalpy, which is functionally
dependent on the pressure and temperature of the working fluid. The
pressure of the working fluid in the gas turbine units increases in the
compressor part. The temperature of the working fluid increases in
the combustion chamber. And we know that the working fluid in GTU's
turbine part is the product of hydrocarbon fuel's combustion.

In the majority of gas turbine units, axial-flow turbines are used;
in low power GTUs, radial-inflow turbines are sometimes used.

Consider the determination of the main dimensions of the GTU's
turbine part.

We accept that GTU's turbine part consists of three axial-flow
turbines: high pressure turbine, low pressure turbine and power turbine.
The dimensions of the turbines are calculated sequentially, starting with
HPT. The scheme of axial-flow turbine is shown in Fig. 12.

Fig. 12. The scheme of axial-flow turbine
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The calculation of all turbines is carried out according to the same
formulas considering the some features. The steps for calculating the
dimensions of axial-flow gas turbine are given below.

1) The following parameters were determined during thermal
calculation of GTU at nominal operating mode:

– gas mass flow through turbine tG  (accordingly, 1tG , 2tG  and
3tG );

– turbine inlet temperature 1Т  (accordingly, 3T , 2.3T  and 3.3T );
– turbine inlet pressure 1p  (accordingly, 3p , 2.3p  and 3.3p );
– excess air coefficient in the combustion chamber  .
2) Specific heat of gas before turbine

1gpc  = ),( 1 Tf .

3) Specific heat ratio for gas before turbine

1gk  = ,
1

1

gasgp

gp

Rc
c


where gasR  = 0.288–0.290 kJ/kg/K – gas constant of turbine gas.
4) Medium diameter at the turbine inlet 1mD  is accepted with

further clarification in step 26.
For HPT 1.mD  is approximately equal to medium diameter of the

flame tubes installation.
For LPT 1.mD  is approximately equal to medium diameter before

HPT.
For PT 1.mD  is some more than medium diameter of LPT..
5) Turbine rotor speed tn  is accepted based on the GTU's design

features.
For HPT tn  is equal to the rotor speed of HPC.
For LPT tn  is equal to the rotor speed of LPC.
For PT tn  is equal to the rotor speed of load (consumer).
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6) Circumferential velocity at the medium diameter of the
turbine inlet

1u  = .
60

1. tm nD

7) Axial velocity at the turbine inlet

1ac  =   140.0...30.0 u .
8) Specific flow velocity at the turbine inlet

1ac  = .
10

1
2 3

1
1

1

1




TR
k

k
c

gas
g

g

a

9) Gas-dynamic flow density function at the turbine inlet

)(
1acq   = .

1
1

1
2

1 1
1

2

1

11 1

11


































g

aa

k

c
g

gg
c k

kk

10) Required flow area at the turbine inlet

1F  = .

10)(
101

2 6
13

11
1

1

1

1

1

1




















a

g

g

c
gas

gk
k

g

t

qp
R

k
k

TG

11) Length of the first stage blades

1l  = .
1.

1

mD
F


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12) Outer diameter at the turbine inlet

1.outD  = 11. lDm  .
13) Inner diameter at the turbine inlet

1.inD  = 11. lDm  .
14) Number of turbine stages tz  is accepted according to the

basic gas turbine engine.
For example, such engines of "Zorya-Mashproekt" as UGT 3000,

UGT 6000, UGT 10000, UGT 15000 and UGT 25000 has single-
stage HPT and single-stage LPT. If your basic gas turbine engine is
one of them, then you must accept 1tz  = 1 and 2tz  = 1.

Depending on the application, the number of stages of a power
turbine 3tz  can be from 2 to 6.

15) The following parameters were determined during thermal
calculation of GTU at nominal operating mode:

– turbine outlet pressure 2p  (accordingly, 1.4p , 2.4p  and 4p );
– turbine outlet temperature 2Т  (accordingly, 1.4Т , 2.4Т  and 4Т ).
16) Specific heat of gas at the turbine outlet

2gpc  = ).,( 2 Tf

17) Specific heat ratio for gas at the turbine outlet

2gk  = .
2

2

gasgp

gp

Rc
c


18) Axial velocity at the turbine outlet

2ac  =   105.1...00.1 ac .
19) Specific flow velocity at the turbine outlet

2ac  = .
10

1
2 3

2
2

2

2




TR
k

k
c

gas
g

g

a
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20) Gas-dynamic flow density function at the turbine outlet

)(
2acq   = .

1
1

1
2

1 1
1

2

2

22 2

22




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




























g

aa

k

c
g

gg
c k

kk

21) Required flow area at the turbine outlet

2F  = 
2

2

2

2

1
1

2 6
23

2

2 ( ) 10
1 10

g

g

a

t

k
k

g
c

g gas

G T

k
p q

k R



 
     

.

22) Choosing the turbine stages layout. The most popular is the
layout with a constant medium diameter constmD  . For power
turbine, the layout with a constant inner diameter or the layout with
a constant outer diameter can be adopted also.

We accept the layout with a constant medium diameter for all
three turbines. Then medium diameter after turbine:

2.mD  = 1.mD .

23) Length of the last stage blades

2l  = .
2.

2

mD
F



24) Inner diameter at the turbine outlet

2.inD  = 22. lDm  .

25) Outer diameter at the turbine outlet

2.outD  = 22. lDm  .
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26) At this step we must check the equation

.5,3
2

2. 
l

Dm

If this equation is not fulfilled, then the turbine has an unacceptably
big length of the blades. Therefore, we must to return to step 4 and
increase the medium diameter of the turbine 1mD . (An increase in the
medium diameter 1mD  improves the fulfillment of this equation.)

27) Medium diameter of turbine

)(5.0 2.1.. mmtm DDD  .

28) Medium length of turbine blades

)(5.0 21. lll tm  .
29) Ratio

.
.

.

tm

tm
t l

D


30) Coefficient )( tt f   is determined using Table 10.

Table 10
Values of coefficient t

t  4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

t  0.62 0.77 0.91 1.05 1.17 1.27 1.37 1.46 1.53 1.60 1.66 1.71 1.74 1.79 1.82 

31) Axial dimension of single turbine stage

... tmttst lb 

32) Axial dimension of turbine main casing

tL  = tsttbz . .
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33) Axial dimension of intersection between LPT and PT for
"Zorya-Mashproekt" engines is

.)40.0...35.0( 2..
LPT
outtint DL 

34) Axial dimension of rear bearing casing for power turbine

.)35.0...30.0( 2.
PT
outrb DL 

The fulfillment of this part of an individual task is presented in
Example 6.

Example 6
Determine the main dimensions of the GTU's turbine part

for initial data and calculation results of Examples 2–5.
From the analysis of the basic gas turbine engine UGT 6000, we

know that the GTU 's turbine part consists of three axial-flow turbines:
single-stage high pressure turbine (HPT), single-stage low pressure
turbine (LPT) and three-stage power turbine (PT). There is no
intersection between HPT and LPT.

Turbine rotor speed tn  for HPT is equal to the rotor speed of
HPC (11290 rpm). For LPT tn  is equal to the rotor speed of LPC
(9962 rpm). For PT tn  = 7300 rpm.

All three turbines has the layout with a constant medium diameter
constmD  . The medium diameter 1mD  for HPT (0.585 m) is

accepted some smaller than medium diameter of the flame tubes
installation (0.588 m). HPT and LPT has the same medium diameter
(0.585 m). The medium diameter for PT 1mD  = 0.760 m is accepted
with further clarification.

The axial dimension of intersection between LPT and PT tintL .
and the axial dimension of rear bearing casing for PT rbL  are
determined according to recommendations for "Zorya-Mashproekt"
engines.

The results of the calculation are summarized in Table 11.
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Table 11
Calculation of GTU's turbine part

Parameter Formula Result 
HPT LPT PT 

1. Gas mass flow through 
turbine  tG , kg/s  Table 5  21.7  23.1  24.2 

2. Turbine inlet 
temperature  1Т , K  Table 5  1500  1221  1049 

3. Turbine inlet pressure 
1p , MPa  Table 5  1.996  0.803  0.414 

4. Excess air coefficient in 
the combustion chamber 
  

Table 5  2.953  2.953  2.953 

5. Specific heat of gas at 
the turbine inlet  1gpc , 
kJ/kg/K 

),( 1 Tf   1.273  1.229  1.196 

6. Gas constant of turbine 
gas  gasR , kJ/kg/K  Accepted  0.288  0.288  0.288 

7. Specific heat ratio for 
gas at the turbine inlet  1gk  

gasgp

gp

Rc
c
1

1   1.292  1.306  1.317 

8. Medium diameter at the 
turbine inlet  1mD , m  Accepted  0.585  0.585  0.760 

9. Turbine rotor speed  tn , 
rpm 

Accepted  1129
0  9962  7300 

10. Circumferential 
velocity at medium 
diameter at the turbine 
inlet  1u , m/s 

60
1. tm nD   346  305  290 

11. Axial velocity at the 
turbine inlet  1ac , m/s    140.0...30.0 u   121  107  102 

12. Specific flow velocity 
at the turbine inlet 

1ac    3
1

1

1

1

10
1

2



TR

k
k

c

gas
g

g

a  
0.173  0.169  0.173 
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Table 11

Parameter Formula Result 
HPT LPT PT 

13. Gas-dynamic flow 
density function at the 
turbine inlet )(

1acq   

11

1

2
111

111
2

11
1








































gk

ac
gk
gkgk

ac

 
0.273 0.266 0.272 

14. Required flow area at 
the turbine inlet 1F , m2 6

13
11

1

1

1

10)(
101

2
1

1

1
























a

g

g

c
gas

gk

k

g

t

qp
R

k

k

TG

 

0.03930.09590.1757

15. Length of the first 
stage blades 1l , m 1.

1

mD
F


 0.021 0.052 0.074 

16. Outer diameter at the 
turbine inlet 1.outD , m 11. lDm   0.606 0.637 0.834 

17. Inner diameter at the 
turbine inlet 1.inD , m 11. lDm   0.564 0.533 0.686 

18. Number of turbine 
stages tz  Accepted 1 1 3 

19. Turbine outlet pressure 
2p , MPa Table 5 0.803 0.416 0.102 

20. Turbine outlet 
temperature 2Т , K Table 5 1221 1049 771 

21. Specific heat of gas at 
the turbine outlet 2gpc , 
kJ/kg/K 

),( 2 Tf  1.229 1.196 1.135 

22. Specific heat ratio for 
gas at the turbine outlet 2gk  gasgp

gp

Rc
c
2

2  1.306 1.317 1.340 

23. Axial velocity at the 
turbine outlet 2ac , m/s   105.1...00.1 ac  127 112 107 

24. Specific flow velocity 
at the turbine outlet 

2ac  3
2

2

2

2

10
1

2



TR

k
k

c

gas
g

g

a  
0.201 0.191 0.212 
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Table 11

Parameter Formula Result 
HPT LPT PT 

25. Gas-dynamic 
flow density function 
at the turbine outlet 

)(
2acq   

1
1

2

2

22 2

22 1
1

1
2

1 
































g

aa

k

c
g

gg
c k

kk

 

0.315 0.299 0.329 

26. Required flow 
area at the turbine 
outlet 2F , m2 

6
23

21
1

2

2

10)(
101

2
2

2

2





















a

g

g

c
gas

gk
k

g

t

qp
R

k
k

TG

 

0.0761 0.1521 0.5025 

27. Turbine stages 
layout Accepted constmD  

28. Medium diameter 
at the turbine outlet 

2.mD , m 
Equal to 1.mD  0.585 0.585 0.760 

29. Length of the last 
stage blades 2l , m 2.

2

mD
F


 0.041 0.083 0.211 

30. Inner diameter at 
the turbine outlet 

2.inD , m 
22. lDm   0.544 0.502 0.549 

31. Outer diameter at 
the turbine outlet 

2.outD , m 
22. lDm   0.626 0.668 0.971 

32. Check of result 
If 5.3

2

2. 
l

Dm , then  

you must return to step 8 
+ + + 

33. Medium diameter 
of turbine tmD . , m )(5.0 2.1. mm DD   0.585 0.585 0.760 

34. Medium length of 
turbine blades tml . , m )(5.0 21 ll   0.031 0.068 0.142 

35. Ratio t  
tm

tm

l
D

.

.  18.6 8.7 5.3 
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Table 11

Parameter Formula Result 
HPT LPT PT 

36. Coefficient t  )( tf   1.82 1.24 0.82 
37. Axial dimension of 
single turbine stage tstb . , m tmtl .  0.057 0.084 0.117 

38. Axial dimension of 
turbine main casing tL , m tsttbz .  0.057 0.084 0.350 

39. Axial dimension of 
intersection between LPT 
and PT tintL . , m 

LPT
outD 2.)40.0...35.0(  0.234 

40. Axial dimension of rear 
bearing casing for PT rbL , m 

PT
outD 2.)35.0...30.0(  0.291 
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8. SKETCHING OF GTU’S LAYOUT

At the first stages of designing a gas turbine unit, in order to
determine its main sizes, the dimensional calculation and layout are
carried out.

First of all, the radial and axial dimensions of compressors,
combustion chamber and turbines are determined. During this
calculation, the number of stages of compressors and turbines, the
speed of their rotors, and the number of flame tubes in the combustion
chamber are estimated. As a result, we obtain data for performing the
layout of GTU and can draw a longitudinal section of its flowing path.

The radial and axial dimensions of the transitional parts of the
GTU (the inlet casing, the front and rear compressor casings, the
intersections between the compressors and turbines, etc.) required
for the layout are usually determined based on the existing designs of
gas turbine units.

When designing, it is necessary to ensure that the direction of the
midline of the working fluid in the gas turbine unit is as smooth as
possible. Sudden changes in the flow direction in the GTU due to the
difference in the diameters of components lead to increased pressure
losses and, consequently, to a deterioration in the efficiency of the gas
turbine unit.

An example of layout of a gas turbine unit is shown in Fig. 13. All
axial and radial dimensions necessary for sketching were determined
in the previous parts of the work. Figure contains only the most
important dimensions that was used.

The total length of the gas turbine unit is determined as the sum of
the axial dimensions of its components:

 21 kint.kkfrinlgt LLLLLL

.321 rbtint.tttr LLLLLL 
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 Fig. 13. The layout of gas turbine unit

Recall that the layout shown in Fig. 13 assumes the presence of
a two-spool axial-flow compressor, a reverse-flow tubo-annular
combustion chamber, and three axial-flow turbines in a gas turbine
unit. Intersection between the 1st and 2nd turbines is absent. Such
a layout is typical, for example, for most of the marine gas turbine
units of  "Zorya-Mashproekt", which are used, as a rule, as the basic
gas turbine units for this individual task.
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