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A method for calculation of characteristics
of one-stage and two-stage axial-flow turbines

o Transport Eqttipnent Enetrprise WSK PZL-Rzeszów S.A., Hetmańska 720,
35-078 Rzeszów

b Si]esiałi Tec]lnica.l [Jniversity, G}iwice, Konarskiego 18, 44-101 G]iwice

Abstract
This paper presents a model and block diagrams of two programs enabling determination of

tlre characteristics of a reaction axial-turbine of an aircraft engine, The method employed to de-
scribe the flow pherromena with the application of the sinrilarity criterion of thermo-gasdynamics
processes can be reduced to an iterative solution of algebraic equations. The T62003 and
TURB297 programs developed by WSK PZL-Rzeszów S.A, provide a full theoretical analysis of
the influerrce of rims geonretrical size and aerodynamic stream values on the turbine character-
istic patterns. The Mukhtarov model elaborated by CIA]\4 was used to determine aerodynamic
losses, The results calculated r.vith the application of the above nrentioned programs are within
tire spread of the characteristics that were obtained via the CAT program, for which t}re Ainley-
\,Iathieson method, confirmed by experimental tests, is appiied,

Keywords: Aircraft engine; Turbine characteristics

Nomenclature

a speed of sound or diameter of throat, N,,1 - Mach number,
A - nass flow parameter,
c absoluLe velocity,
D mean diameter of duct.
F - section area
G - mass flow rate,

k - ratio of specific heats,
a - absolute flow angle,

h - effective specific work of expansion, u - tangential rotor blade velocity,

n rotational speed of shaft,
p - pressure,
R - gas constant,
t - pitch,
T - temperature,

u - relative velocity,
p _ density,

*Corresponding author. tr-mail address: eantas@prz.rzeszow.pl
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p-
q-
t-

^_

relative flow angle,
elficiency,
loss coelficient,
Laval number,

ę
,l,

- absolute velocity loss factor, cl/c11
relative velocity loss factor, wzlwł

s(^) - mass flux density, cp/c",.itp",tt
}'(.\) : Y ratio: q(.\)/lr(.\)

Subscripts

crit
dp

f
ź

rtźrl
r
st

criticaI value,
design point condition,
final value,
initial valrre,
nrinirrral section,
staglration,
Stage)

t - isentropic,
u - tangential(circunrferential),
0 - turbine entry,
1 - turl:ine nozzle varre outlet (rotor entr.
2 - rotor outlet,
I - first stage,
II - second stage,

Introduction

For an aircraft gŁts tlubine engine system) tlre design-poirrt perforll]ance c_

a turbine determines the rnost advantageorrs distribution of gas available energ,
between the nozzle rinr and lotol Tim by adjrrstirrg tlreir geometly to tlre stlear_
kinematics palametel. This range, usually corresponding to the engine Take-
Off rating, usually enstlres nirrimal flow losses. In different el}gine operatione_.
conditions, as a result of changing its operation ratings necessary to achieve tL.
requiled flight heights arrd speeds, the rotor rotational speed, ttrrbine ently pI€ś-

sure and temperature, mass flow rate, and rotor outlet gas pressure are ch.ang€.

|77, 27]. Of these five main physical turbilre parameters mentioned above, otr
four are indeperrdent. Therefore. all qrraŃities describirrg the turbine frrnctio:_.
undel off-design conditions, suclr as power, efficiency, gas velocities, and nla-.

flow paratneters, may be expressed as a functiorr of these four irrdependent r.a;
ables. However, a graphic or tabular presentation of the fttnction of four variab_,
is very conplicated. That is why complexes of independent variables are used _

calculations of turbine characteristics. Sirrrrrltaneotlsly) these complexes are fl,,

sirrrilarity criteria. By doing so it is possible to decrease tb.e nutnber of variat,"
and thus make the graplric presentation of ttrrbilre chalacteristics easier.

The simiiarity of cornpressible, viscolls, atrd gravitatiorral fluid flows and L.
exchange flow requires fulfilling the geonetrical similarity of flow ducts (or :

identity of boundary surfaces) and the eqliality of criterial numbers that col_

tion the kinenratics similarity (velocity triangles similarity) and dynamic sim:_
ity (similarity of pressure and temperature fields). The kinematics and dynar__
sirnilarity conditions require tlre eqtrality of tlre following criteriai numbers
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o Laval numbel (or Mach nrrrrrber) - taking into account compressibility,
o Reyno]ds nrrmber - taking into account viscosity,
r peclet ntrmber for lreat exchange,
r Froude nrrmber - taking into accotrnt the gravity force,
o strouhal number - defining tlre flow type,

and the eqtrality of isentropic exponent, k.
It should be stated that the problems of determining the characteristics of one-
stage and two-stage turbines (most commonly used in aviation trrrbine engines)
are presented in the availab]e literattrre marginally. This condition forced the
arrthors of the papel to find their owrr procedure, which wouid enable to determine
ttrrbine characteristics with a satisfactoly accuTacy for the design practice.

2 Assumptions concerning the flow model
Figrrre 1 presents a scheme of a single-stage axial-turbine or one stage of a

rrrultistage turbine and tlre velocity triangles in particrrlar characteristic sections.
In this paper, the fol]owing assurnptions simpiifying the determination of

c,

19

)
wż

(a) (b)
Figure 1, A sclreme of tlre reaction axial-turbirre stage showing chalacter.istic calculation sections (a)

and blade low with velocity triangles at the lotor entry and outlet (b).

characteristics were rnade in relation to a tirree-dimensional and unsteadv flow of
the real medirrm:

a) The streatn flow is treateci as one-dimensional and steady.
b) The heat exchange between strearn filaments and the heat transferred through

the turbine case walls to the environment are omitted.
c) The working medium is a perfect gas, satisfying the clapeyron equation,

whereas specific heats, co and co, gas constant Ę, and adiabatic exponent,
k are constant.

9z
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d) The changes of the working medium stleam parametels in stage clraracter-
istic sections are examined on one calculation radius equai to the mediurrr
Tadius.

e) Energy losses tnnozzle rims and rotor rinrs only are considered. The iosses
are dependent on tlre rim geometry, gas stream angles, and also on the florł,

condition determined by suitable values of Laval nrrmbers. An increase il
medium entropy on the lerrgth of rim-to-rim clealance is omitted.

Only by considering the above mentioned assumptions, aTe \^/e abie to deter-
mine suffi,cient flow similarity conditions used for calculations of turbine charac-
teristics. Tlrus, while making characteristic calcrrlations of a clrosen turbine witi_
given geometry, the criterion of geometrical similarity is automatically met b,,-

geometrical identity. Then, acceptance of the above assumptions makes it pos-

sible to omit Stroulral, Peclet, Froude, anci Reynolds numbers because for basi.
turbine operating regimes Re ) Re"";1 : (0.6-1.0).105, sufficient conditions of flol
similarity are redtrced to tlre preservation of two Laval numbers, namely [16]

o Laval nurnber of isentropic absolute velocity at the orrtlet of the nozzle nr

)lł:
clt

acrfit\

o Laval number of tangential velocity at the rotor entry

\uI:
&crtit\

(_

(-

3 An algorithm and block diagram for the calculatior
of turbine stage characteristics

With the above assrrmptions in mind, the equations whiclr describe the fl,_

throtrglr trrrbine rims, and experimental relations which express the changes
loss values in off-design conditions, the following mathematica] model of turb,_
stage characteristics calculation was established.

The mathematical model of processes taking place in axial-turbine rin.
based on tlrree basic conservation equations: mass) eneTgy, and momeŃum or_-

Generally, the description of gas flow through the b}ade passage is divided i:,

Lwo parts:

o the flow to the throat,

o the flow tlrrough the region beyond tlre throat (between throat and .
section).
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Figure 2. Geometrical parameters of r.otor profile blade row.

Fig. 2 shows the geometrical parameters of the rotor blade row with marked
characteristic values. The essential calculations of turbine performance ploceed
as follows: the input data are geometrical and aerothermodynamic parameters of
turbine rims at the design point operation, namelv:

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

9ap - design point value of absolrrte velocity loss factor for the nozzle rim,,

Fmi,ny, - throat area of the nozzle rin,
a1, design point value of the inlet absolute flow angle,

D1 - mean diameter of a duct at the outlet of the nozzle rim,

apltk - ratio of the throat diameter to pitclr for the nozz|e rim,

a.ftw - ratio of the throat diameter to pitch for the rotor rim,

drulcą. - ratio of the leading-edge diameter to the minimal distance be-
tween the leading edge of one blade and the suction surface of the adjacent
blade for the rotor rim,

V ap - design point value of the relative velocity loss factor for the rotor rim,

Fm1n2 * throat area of the rotor rim,

9rł - design point valrre of tlre inlet relative flow angle,

]zae - design point value of the orrtlet relative flow angle,

D2 - mean diameter of a duct at the outlet of the rotor rim,

{" - tip-clearance loss coefficient for the rotor,

k - ratio of specific heats,

,l? - gas constant,

\u7i * initial value of Laval number for tangential velocity at the rotor inlet,
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o Azl,f - finai value of Laval numbel for tangential velocity at the rotor irrlet

o ),ttl. - initial value of Laval ntrmber for isentropic absolute velócity at tht
rotor inlet,

o \wld, - design point value of Laval number for relative velocity at the rotol
inlet.

The parameters are determined while making the assembly design, In ordel
to determine a characteristic along the constant value line of .\,r1 (tangentia
velocity) it is necessary to provide its initial value .\,r1; and the final one .\,r11.

Assuming the initial parameter value )11; : 0.1-0.4, which corresponds to t

low turbine load, this load is then increased gradually by changing .\11 oT Ag2,
trntil the limit of turbine mass flow parameter AT0 : Ar.0 -u* is obtained. Havin6
obtained the limit of the turbine mass flow parameter, the value of .\21 is changed
The Laval number of the true outlet absoltite velocity from the nozz|e rim ir

calculated from the relation 
\ _ .^ \

^I - ądp^ft. (3,

The obtained valtre of .\1 enables one to find the absolute flow angle, a1 (fron
the equation of flow continuity), the relative flow angle before tlre rotor, P1 anc
gasdynamics functions [2] from the foiiowing relations

o gas relative flow angle

Dp1 - ur"tur, (
sina1 \

-l

Cosol - 
},'1 ,/'- 
^1

o gasdynamics ftrnction of temperature in absolute motion

- k-I,,T7:I k+I^i,
o Mach number in absolute motion

Maclr nrrnber in relative rrrotion

M^, : M,'i'"'.^.-Vl -.-, 
sinB1 ,

Laval number in relative motion

(4

Io

Mr:)r (f;
2

G + 1)r,

}tr.,l : Mtłi
En

v -a-

|-
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. gasdynamics function of temperature in relative motion

- l k-IrZ'lw7:t- 
r*l^ull

. gasdynanics function of pressure in relative notion

,lTu:: (r.r)*,

e the quotient of stagnation temperatures in relative and absolute motion

_* Th TIrłn: ói :;, (11)

o tlre quotient of stagnation presslrres in relative and absolute motion

_* _PŁt _7r]tl|ul- 
ń -ń,

. Inass flow parameter on tlte nozzle rim outlet (rotor entry)

ATt: GrEil : łĘ 
.

PŁt rłut'

(9)

(10)

(12)

( 13)

To determine gas strearn parameters in the outptrt section of the rotol lim
(2-2), first, the Laval number value of theoretical relative velocity, \.21is deter-
mined by means of the method of successive approximations from the prodrrct
of gasdynamics functiot,Ls 7Tg21 - Yąlzt. Next, according to the method of M.K.
Mrrkhtarov [15, 18], the actual value of relative velocity loss factor is calculated;

(14)

where: A(,., - increment of loss coefficient at tlre rotor rim.
Deternining the Laval nunber for relative motion at the rotor outlet from

the relation
Xw2: ł\.2t, ( 15)

makes it possible to find the outlet rotor re]ative flow angle - B2, and entry rotor
absolute flow angle u2) as well as ilrdividual gasdynamics functions of stream
Parameters (r.2,M.2,r2, etc.) from relations similar to the ones presented for
the turbine nozzle rlrn.

Figure 3 slrows a block diagram of axial-turbine characteristics calculation.
On the basis of the scheme, the T62003 program was elaborated, written in

,lr: 
^lł?,. 

- A{,,,
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Calculation of: lg !, !, M.u
Ęt, fw, xwr t*r', ąr' , A1

(!x'§t)<O

B=0.024,.C=1.1U

(z*, l*r), < (rg1 Łp)a,

^ 
- = #K*)' (*)')- #(+) sin, (p,r - p,)

Calculańon: A|*, Ł
Ę, xńu t*z, Yw

|b,n Y,,},, b,, Yv)."|<0,000 t

l-=nF.n, n(7r,)Y(1)

Figure 3a. Block diagram of one-stage axial-turbine characteristics calculation,
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Calculation of: ly2, tyu f *

(tn,Yn)r=tn,.Yn

|("* r*), -b* rn)r|<o,ooot

.ł ,, = ,ł ,, + 0,05

,t!|=r,!|+0,1

Calcul*ion oi tw, Iw, Ywz

Calculalion of: M*,, Ą,
}a,tE Ą, c, Mz, Ą, Ą.

-_____-),
PRINTINGOF

CHAMCTERISTICS
POINTRESULTS

----------\

I

+

< v:Ąań->

Łul=hc

END

Figure 3b. Block diagram of one-stage axial-turbine characteristics calculation.
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b

22.633.5a
n,t

22-533,5a
ft

st

E
c

o,!

kq
0.6

22-5!3,51
fi

st

l,a

'u l=0.

/o, /o''

,/,
',/

//_ 2
_ f

\D-P

2 2.5 3 35 a
ł]t

Universal one-stage Power tut'bine perfot,mance clraractet.istics shorving tlre r.elation betweentlre nrass flow Palatrreter,476: a) at tlte turbine etrtly for clroked nozzń;;ń"", b) interrral
efficier-rcY, c) tlre quotier-rt of effective specific wol,k oiexparrsiorr to entry itug-;ltion tempera_ture h; lĘ , d) absolute flow arrgle a2, e) Laval nuIlbel, of absolute velocity at the r.oto. outlet,f) rlrass flow parametel' ,472 af the turtine outlet, versus tlre exparrsiorr ratio of turbirre zrj,arrd Laval trumber of tarrgerrtial velocity at tlre rotor entry - ),1.

Figure 4.
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FORTRAN language for the personal computeT.
Examples of one-stage power turbine characteristics, for the turboshaft engine

?ZL-|)W, achieved with this program are presented in Fig. 4.
Making the universal one-stage poweT turbine performance characteristics of

ł turboshaft engine as independent variables, first the expansion ratio of turbine
n}, (ProPortional to the Laval number of isentropic velocity at the outlet of. nozzle
:im .\;t)was chosen, Secondly the Laval number of tangential velocity at the rotor
:ntry ),,1 (proportional to the rotational speed of shaft, n) was used. Applying
,hese characteristics to any operational conditions of the turbine and quantities
lescribing its functioning such as: total plessule at trrrbine entrypfi, stagnation
;emPerature at turbine entry Ę, the Laval ntrmber of tangential velocity at tlre
:otor entry,\21 , and gas mass flow rate G, it is easy to find mass flow parameter
476 and expansion ratio zrjr. (Fig. aa). Having obtained the expansion ratio njr.
br clrosen )2,1, it is then possible to determine the internal efficiency łi (Fig.
1b). The effective specific work of expansion h1 (and thus, the turbine power Ą)
;an be seen in Fig, 4c. The absolute flow angle at the rotor outlet a2, the Laval
rumber of absolute velocity at rotor outlet ,\2 (or absolute velocity c2) and mass
low Parameter at turbine outlet A72 (to determine gas stagnation temperature
lt turbine outlet T}) can be found in Fig. 4d, 4e, and 4f respectively.

{ An algorithm of the calculation of characteristics of
a single-shaft two-stage axial-flow turbine

For a two-stage trrrbine, non-dimensional parameters, determining the oper-
rtiug range of particular stages, are interconnected with additional conditions.
)ne of thenr is tlre condition of gasdynamics corrpling determined by the equation
lf gas continuity at particular calculation sections of the stages and another one
s the equality of the rotational speed of both stages nI : nII resrrlting from a
nechanical coupling.

For the case in question, the continuity equatiorr, written for the inlet and
lutlet section of successive stages, is reduced to the eqtrality of mass flow param-
lter:

ATzI: Aroll, ( 16)

urd for rotor rims of the stages

7Tu2łYu2 : TllIylulł ""{' .

F2sinB2'
( 17)

Tlris equation makes it possible to divide the enthalpy drop between individ-
tal rims at changeable operating conditions. The performance calctrlations of a
t'o-stage turbine are nrade similarly to the ones given for a one-stage turbine
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(see Fig. 3), namely: defining the gasdynĄmics and geometrical parameters of
turbine rims of first-stage and second-stage at the design point (input data are
obtained from the preliminary dsign or the technical design of the assembly) and
the parameters for a chosen value of Laval number of tangential velocity at the
first-stage rotor entry,),r17, the gas flow from one rim to another rim is traced.
As a result, we obtain a complete representation of flow parameters in all control
sections of both stages.

An estimation of the two-stage turbine performance based on defined gas flow
parameters at the turbines different stages, is made according to the following
relations [3]:

o the ratio of exit-total to inlet-total pressure of two-stage turbine

fli: fI}17I1}177, (18)

where:

e the quotient of isentropic stagnation temperature at turbine outlet and total
temperature at turbine inlet

(20)

o the quotient of stagnation tetnperature at ttrrbine outlet and totai temper-
ature at turbine inlet

(21)

IItr, : Pźll 
_' p|I'

m*
-* _l2]t __* _*,lT _ m -'l stl'l stlI)l0I

o the ratio of inlet-total to exit-total pressure of turbine

**_Pó1_1,,r-ń -Ę'

ht kR ,_

ń: łłrt -,i),
ht ł*Qó, -rłl)

l11* k-I
_* l2tT rr*--E-
lryl_-_IIńlL m* I ll0I

( 19)

(22)

o the quotient of effective specific work of expansion to entry stagnation tem-
perature of turbine

Tłlról

(23)
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o turbine internal efficiency

_ (t-rł)
TiT: (1 _6'

. mass flow parameter at the turbine outlet

/-
ATzr: Arztt : Arot#.

ILT

(24)

(25)

During calculations, the type of the flow is observed for particular rins of
both turbine stages increasing gradtrally turbine load by changing ),111,),61 and
),p211 oT \w2tII until reaching the limit of turbine mass flow parameter. Hav-
ing determined the trrrbine characteristics along tlre line, \uII : ,id,em, the next
value of the Laval number of tangential velocity at the first-stage rotor entry is
assumed with the step of L\utl : 0,05=0.1 and the calcrrlations are repeated
until a complete field of characteristics is obtained. A detailed description of the
method of calculations of one-stage and two-stage turbine characteristics is given
in [3-a],

A simPlified flow diagram of two-stage axial-turbine characteristics calcula-
tions is presented in Fig. 5.

The essential characteristics of a two-stage gas-generator turbine of the
PZL-I}W2 turbos}raft engine, avai]able from the TURB297 program are slrown
in Fig. 6.

The universal characteristics of a two-stage turbine (similar to the ones ple-
sented in Fig. 4) fully describe the turbine functioning parameters irr off-clesign
conditions.

5 A comparison with experimental characteristics and
other computational methods

The algoritlrms of calculations presented in tlris paper and the T62003 and
TURB297 programs which resulted from then may be used both for designing
turbines [9] and analysing the mating of engine assemblies as well as for determin-
ing its static and dynamic characterisiics [17] and the control parameters. They
can also be applied to an initial optimising of the stage rims geonretry [11, 19].
The T62003 and TURB297 ploglans were used for calculations of power and
gas generator ttrrbines for the preliminary design of t]re trrrboshaft engine PZL-
10W2 [3]. After an analysis of different rnodels of losses l1,7], [10-11], [14,
18] the Mrr]rhtarov correlation of losses was trsed for the T62003 and TURB297
plograns becatrse tlre turbine clraracteristics ca]culated witlr this correlation of
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START

Data

lll = tr,tti

Ąl=Ąn

i calculation of first stiage
l turbine paramelers

l

+

PRINT|NG RESULTS oF A
cHAMcTERlsTlc PolNT

i Ą/ = ż,,, + 0,05 
l

Ą,,, = Ą,,, +0,05

Figure 5. Simplified block diagram of two-stage axial turbine characteristics calculation,
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Universal two-stage 8as-generator turbine perfolmanc€ characteristics showin8 tlre relation
between the mass flow pa.ameter A7n: a) tlre turbirre entry for choked rotoi passages, b)
intertral efficiencY, c) the quotient of effective specific work of expansion to errtry stagnation
|elgeratur3 lt,;lT[, d) absolute flow angle a2, e) Laval number of absolute veiocity at the
turbine outlet, f) mass flow parameter A72 at the turbine outlet, versus the expansion ratio
of turbine rĘ and Laval rrurnber of tangential velocity at the lirst stage rotor entry - .\r11.

Figure 6,
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losses reflect Inost accuTatelv the trrrbine characteristics which came with tlre en-
gine license docunrentation. The technical design of the power and gas generator

turbines of the turboshaft engine PZL-L}W2 was made with the assistance of the
CAT programme, which employs the Ainley-Mathieson method of determining
the characteristics with improvements concerning the design point condition de-

termined by Dunham and Came, and described in the papers [1, 10, 12, 13]. The
loss correlation established by Ainley and Mathieson is probably most frequently
used in practice |20, 2I]. For the technical design of PZL-10W2 engine, in or-

der to determine turbine perfornrance and flow parameters in particrrlar rims, the

VIT2D plogram was additionally used, wlrich incltrdes main flow equations as Eu-
Iers trvo-ditnensional equation systenr [6]. A very complex and laborious attempt
at using a three-dimensional viscous solver (N. S, 3D) for technical design calcu-

lations of turbine clraracteristics was preserrted in the papel |22]. 
^ 

very good

conformity was obtained between neasurements and three-dimensional viscorrs
prediction over the entire lange of 80-125 percent speed, but only for efficiency

and N.{ach number distribtrtions. Woinowsky-Krieger et al. [22] observed that
the mearr-lirre correlation [11, 14] agree well for turbine efficiency and for speeds

below the design value, beyorrd which, however, it tends to over-predict losses.

Table 1. Changes of nininal section areas of turbine nozzle rims of PZL-10W2 engine

Turbirre

Nozzle R.im

CAT Programrne TURB 297 and T 62003

Programmes

LFcv
["-']

LFęly lFąy
l%l

AFcv
[.*']

LFęy l Fęy

l%]

1"Ć stage of

gas-generator

turbine

+ 3.735 + 6.43 + 4,54 + 7.96

2'd stage of

gas-generator

turbine

+ 3.774 + 4.49 + 5.47

power tulbine _ 1.51 _ 3.05 - 2,o

The comparison of changes of the minimal section areas of turbine nozzle rims,
LFcv, of gas genelator and power turbines of PZL-10W2 engine in relation to
adequate minimal section area values of the base PZL-1OW engine, obtained by
means of the TURB297, T62003, and CAT proglams (Table 1), shows that the

methods of flow modelling used foT these programs have a similar accuracy of
calculations. The method of calculatirrg of the turbine characteristics given by
D. G, Ainley and G. C. R, Mathieson and improved by J. D. Dunlram and P. M.
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Came makes it possible to deternine turbine clraracteristics with an accuracy of
Ł3Va for mass flow and X,2% for efficiency,

It should be stated that the stages of modern axial-flow turbines are designed
specifically to obtain the Laval number for the minimal section at design rating
(T-O) close to the critical value [5], It essentially influences the distribution of
the total pressure ratio of the stages and the clrange of the ratio in a two-stage
turbine. Consequently, it leads to maintaining an almost constant value of the
first-stage total pressure ratio for a wide range of changes of turbine operation
ratings. A small change in the first-stage total pressure ratio from a turbine op-
eration rating involves maintaining the mass flow parameter :4'767 : ,idem tor a
wide range of the operation rating.

However, it should be underlined that tlre total pressure ratio change of a
two-stage turbine when decreasing the value of )u77, involves a stronger decrease
irr ttrrbine internal efficiency than tlre one observed in relation to a one-stage
trrrbine.

TIre acctrracy of results of tlre T62003 plogram is illtrstrated in Fig. 7, whiclr
shows interlral efficiency culves of a one-stage power turbirre of a turboshaft en-
gine. The results were obtained from meastlrelnents [8] and calculations [3-4] done
by WSK PZL-Rzeszw S.A. Analogous plograms for calculating turbine clrarac-
teristics are widely used in tlre design practice and are continuously corrected as
new loss correlation is elaborated. A use of similar plograms by General Electric
is described in the article [23].

The results presented in Figs, 4, 6, and 7 are, to the best of authors knowl-
edge, published for tlre first time.
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Figure 7. Example of irrternal efficiency curves of one-stage power turbine of turboshaft engine versus
expansiotl ratio for Laval number of tangential velocity at the rotor entry ).1 = Q,§.

JJ

,9
et .ć-
tc
o
E

0.7



S. Antas, T. Chmielniak, J. Kuida

6 conclusions
A series of numerical simulations have been performed for the geometry of

one-stage and two-stage axial flow turbines to determine their characteristics.
Investigation of the results has led to the following conclusions:

o the mean line prediction method of characteristics for axial flow turbines
was described, which can be used for preliminary design,

o presented method was tested against the Ainley/Mathiesson/Dunham/
Came loss system,

o the mean-Iine Mukhtarov loss system prediction at off-design performance
(T62003 and TURB297 programs) has shown to agree well with AMDC
loss system (CAT program),

o tlre trends of the predicted results are consistent with the experimental data
for efficiency and, quantitatively, the predicted results exhibit a satisfactory
agreement with the test data,

o presented method for predicting trrrbine characteristics gives higher efficien-
cies compared with the test data,

Received in February 2001
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