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Abstract

The paper deals with problem influence of changemble stator vanes axial compressor settingsasd turbine
engine on work parameters of compressor and engiigerrect operation of change setting systemaofable vanes
could make unstable work of compressor and engdihis paper presents theoretical analysis of situatilescribed
above and results of own research done on realnengifhe next there are presented results of mattiesha
modelling of changes of gas turbine engine workapaaters during change of angle setting of axial pa@ssor
variable stator vanes but in the most wide anglegeathan in real research.
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1. Introduction and purpose of research

When in compressor construction is assembled systesetting change of variable stator
vanes its task is made optimal cooperation enginis wuring permanent improvement of
compressor characteristic. Perturbations in opmratf this system could cause changes in work
of compressor and engine similar like changes chbgechanges of rotational speed or polluted
interblades ducts of compressor.

Compressor stage unitary work on radius is deforease of equitation of angular
momentum and has form (Fig. 1):

lst = ar(Cou — Cu) = UAcy = udw, (1)

where:
w— angular velocityy — tangential velocity;, — rotor radius,
Ciw, Cu— Circumferential components of air stream absaletecity on inlet and outlet rotor
blades on radius
Acy, 4w, — air stream whirl in rotor.

That work is constant on whole depth of rotor blatlee sum of works is unitary work of
stage. Involved change of variable stator vanedeasgtting during kept at a constant level
rotational velocity (constant) caused change of air stream inlet angle in retoe £, (Fig. 1).

It caused change of axial component of air strebsolate velocity on inlet;, what is equivalent
with change of air mass flown and change of air stream whidw, in rotor. It influences
on efficiency and work of stage [2].

Purpose of investigations made on real engine wesrmination influence of incorrect

operation of axial compressor inlet guide variaiégor vanes control system of gas turbine engine



on compressor and engine work parameters.

Compressor characteristic is relationship betweenpression ratiars, compressor efficiency
ns and air flow massin and compressor rotational velocitylt makes possible to determine the
best condition of compressor and another engines amating. The characteristic is using to select
optimal conditions of air flow regulation and assasnt of operational factors on compressor
parameters.

Therefore compressor should be so controlled iratjpmal range of rotational velocity that
the compressor and engine mating line has a stbekable work. The main rule of compressor
control during change of their rotational veloadty flow intensity is to keep up the stream inlet
anglesi value near zero. One of the most popular waysx@afl @ompressor control is changing
their flow duct geometry by application of inletide stator vanes or variable stator vanes of
several first compressor stages [2].

This solution makes possible to change of air stredet angle on rotor blades of compressor
stages by change of stator vanes setting anglesgdcinange of compressor rotational velocity.
Fig. 1 illustrates, on example one stage of congiwasrule of regulation of variable stator vanes.

Fig. 1. Essence of control of compressor’s axiafjstby changing the setting angle of stator vaies at
changeable air flow velocity; a) decreased axidbedy, b) calculation axial velocity,
c) increased axial velocity, d) schema of flow rbwh axial compressor rotor blades during constantor speed
and constant air stream inlet anglek;— variable stator vanes ringy — rotor vanes ring

For average values with operational range of cosgarerotor speed is situation on Fig. 1b —
speed values and directions with subscrigt. In this situation is intermediate angle settirig o
stator vanes. Air stream inlet angle on rotor bdade not cause disturbance of stream flow by
interblades ducts. For lower values of compresstr rspeed and in consequence lower values of
absolute axial component velocity, it is necessary to reduce the stream outlet aofglariable
stator vanesn (Fig. 1a). The angle reduction range should akeeping the same value of stream
inlet angle on rotor blades. Analogical situatiakes place during work of compressor with higher
rotational speed. For higher rotational speed aibs@xial component speed,” increases. In this
situation for keeping stable work of compressor enmconsequence constant value of stream inlet
angle on rotor blades, it is necessary to incrédasealue of stream outlet angle of variable stator
vanes — Fig. 1c. Application in gas turbine engioastruction of control system of flow ducts
geometry has a bearing on run inertance of unstableesses.

2. Object of research
The object of researches is type DR77 marine gdsntl engine, which is part of power

transmition system of war ship. It is three-shafgiae with can-ring-type combustor chamber and
reversible power turbine.



In compressor construction configuration of thigiae there are used inlet guide stator vanes
which make possibilities to change setting angl@dance (change of compressor flow duct
geometry) in depend on engine load. This procespésated by control system which working
medium is compressed air received from last stdgeigh pressure compressor. On Fig. 2 is
presented block diagram of flow control signal afiable stator vanes system.
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Fig. 2. Block diagram of stator vanes change sgttirechanism LPC; CO — combustor,
HPC — high pressure compressor, LPC — low pressampressor, K — variable stator vane,
VIGV — variable inlet guide vanes

Compressed air from last stage of high pressurepoessor is supllied to working space of
control actuator by cleaning and cooling block. @oassed air exerts pressure on control actuator
elements. It causes moving of control piston whiglconnected with moving ring. This ring
moves on circumference of low pressure compressady.Ring is connected with variable stator
vanes by levers. When the ring is moving statoresarealize rotational motion changing the air
stream outlet angle; (Fig. 1).

In cleaning and cooling block are holes. Duringeegshes air stream was bleeded by holes and
less air was supplied to actuator. It caused chahgetting angleaxw of variable stator vanes.

In consequence of that change flow duct geometsychanged.

Experiment was carry out an engine load Q,&FFor this load setting angle of variable vanes
has valuenkw = - 4°. During change engine load in whole range frora tdlfull load setting angle
axw of variable vanes changes in range fronf tb8+18. Realizing experiment a few parameters
of engine work was measured and registered forethiferent setting anglexw of variable
vanes: A—aw = - £, B—akw = - 1I°, C—axw = - 18. Tab. 1 presents measured and registered
in this same time parameters of engine work.

Tab. 1. Parameters of engine DR77 work measurehguesearches

Parameter | Measurement rang Unit Parameter name
Npc 0 — 20000 [min™] low pressure rotor speed
Nupc 0 — 22000 [min™] high pressure rotor speed
Npt 0 - 10000 [min™] power turbine rotor speed
p1 -0,04 -0 [MPa] subatmospheric pressure on compressor inlgt
P21 0-0,6 [MPa] air pressure on low pressure compressor outlet
P2 0-1,6 [MPa] air pressure on high pressure compressor oltlet
Po 0-10,0 [MPa] fuel pressure before injectors
T, 203 - 453 K] air temperature on compressor inlet
Tas 273 -1273 K] exhaust gases temperature on inlet power tufbine

3. Results of research

Fig. 3 presents results of experiment. There agsgmted those parameters which are the most
sensitive on change of LPC guide vanes settingearighange vanes setting from positidrio



position C caused increase air flow resistance by stator stame consequence of that
subatmospheric pressure on compressor mldecreases. It causes pressure decrease in next par
of compressor and engine flow duct (Fig. 3bc). his tway reduced air density flowing by
compressor, for stable quantity of stream fule Iseglto combustor, causes increase of
compressors rotor speed. The most visible is isered low pressure compressor rotor speed (Fig.
3a) caused by directly influence on this compressmrectly setting variable guide stator vanes.

a) low pressure compressor rotor speed b) air pressure on low pressure outlet conpressor
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Fig. 3. Change of engine work parameters valugsmetion of variable inlet guide stator vanes sgjtangle:
A'aKW :'40, B'aKW = - 110, C'aKW = - 18)

Gasodynamical connection between low pressure cesapr and high pressure compressor
absorbs disturbances work of low pressure compreshach are transferred on high pressure
compressor. Therefore range of change high pressumgressor rotor speed is lower than low
pressure compressor. In this experimental it iswedl% and it is in measuring error range.

Change of subatmospheric pressure is above 5%estahie of this parameter. Changes of low
and high pressure compressor outlet presure areuaiddy above 1,3% and above 2,4%
undisturbed value of angle settiogy = - 4.

Changes of pressure and air mass flow intensityegalaccompanied disturbing work of
compressor, during constant fuel mas flow intengitycombustor, caused enrichment of fuel
mixture. As a result of that, temperature combustatiet gases increases. In experiment was
confirmed tendency changes of gases tempertaunes/aiven though range of thoses changes is in
measuring error range.

On the base of results of experiment there werermi@ied mathematical equations modelling
changes of particular engine work parameters irctian of variable inlet guide stator vanes
setting angleakw :



(3)
(4)
(5)
(6)
(7)

)

0,744%%w 2 + 2,602 + 9234,5
N swe= 0,020y % - 1,122 + 12598
2.10%aw? +0,0143y + 8,1771

T42=0,0204«w 2 4 0,1633%«w + 526,33

p1= -10_60'KW 2 . 1060'KW + 0,0077

Po1 = 10™akw 2 + 0,002%kw + 2,9814
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Fig. 4 presents results of solution of an matherah&quations describing of changes of engine
work parameters values. Modelling was cary out tatesengine load what was equivalent
unchangable fuel mass flow. In this case rangehaihge of variable inlet guide stator vanes

setting angleakw was widen from -18to +18. Researches in ranggy from -4 to +18 were
not possilble to realize on real engine. It is e@uisy technical restrictions on the engine.

gotten during mathematical simulation

Fig. 4. Change of engine work parameters valugametion of variable inlet guide stator vanes sejtangle



4. Conclusions

Change of variable inlet guide stator vanes setimgjeaxy from -4 to +18 caused increase
of flowing air stream outlet anglen (Fig. 1). It decreases air flow drag on low pressu
compressor inlet that caused decrease of subatmospnessure. During keeping constant engine
load (constant fuel mass flow) absolute axial congmd velocity c;, increases. It exerts an
influence on air mass flowh increase. Simultaneously the absolute axial compbwelocityc;a
increase caused decrease of air stream whirl or ew,. The effect of above is reduction of the
compressor stage unitary work — equation (1). Insequence of that low pressure compressor
rotor speed increases (Fig. 4a). In connection d&trease of subatmospheric pressure it caused
increase of air pressure on low pressure outlefpecessor (Fig. 4d). In spite of slight decrease of
high pressure compressor rotor speed the increésair opressure on low pressure outlet
compressor involves increases of air pressure gin piessure outlet compressor (Fig. 4e). This
slight decrease of high pressure compressor rpeedscaused increase of gases flow drag in next
gas turbine engine units for the combustor. Thecefbf above is slight increase of exhaust gas
temperature on power turbine inlet.

Multi-shaft construction of gas turbine engine reel effects of incorrectly setting of variable
stator vanes. Therefore compressors of three-gjadtturbine engine do not require variable
stators vanes as many stages as compressor ohaficesgine with the same achievements.

Preliminary researches confirm necessity for maknsgection of correct operation of variable
stator vanes system control. It makes possibilitglonination this factor from group of factors
informing about deteriorating technical state ofjiae which are identified during diagnostic
inspections.
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