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ANNOTATION
MayborodaR.V. Determination of the mutual influence of the flow in the turbine
and fan circuits of the turbofan attachment of an aviation gas turbine eiigine
Qualifying scientific work on the right of the manuscript.
The dissertation on competition of a scientific degree of the Doctor of
Philosophy on a specialty 142Power Engineering. National Aviation University,

Ministry of Education and Science of Ukraine, Kyiv, 2023.

The dissertation work is devoted to the creation of scientifically based
recommendations for coordinating the operating process parameters of the fan and
turbine circuits of the turbofan attachment of an aviation gas turbine engine.

The creation of new technologies plays a key role in ensuring the future
competitiveness of aircraft produced by domestic aircraft manufacturing companies.
An aircraft engine is a key component of any aircraft, determining its flight
performance, safetyeliability, efficiency and cost of operation.

An important factor in increasing the efficiency of engine use, as well as
reducing its cost, is the development of a family of engines based on a universal basic
gas generator.

One of the problems associated with the creation of gas turbine engines based
on a basic gas generator is the significant influence of the parameters and
characteristics of the fan module, which is located in front of the gas generator module,
on the flowparameters in front of the gas generator compressor and, as a consequence,
on the parameters and characteristics of the gas generator compressor.

One of the ways to ensure invariance of the parameters and characteristics of the
base gas generator module is the design of gas turbine engines withmouessd
turbofan attachment. The turbofan attachment increases engine thrust and efficiency.
The rar location of the fan makes it possible to create modular designs of gas turbine
engines (GTE) without significant changes to the gas generator design. The main
difficulty in creating such designs is coordinating and optimizing the parameters of the

turbdfan attachment.
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Thus, research into the characteristics of a gas turbine engine with a turbofan
attachment is relevant. However, at present, there remain unresolved issues of
determining the mutual influence of the flow in the turbine and fan circuits of the
turbofan attahment of an aviation gas turbine engine.

The introductiorsubstantiates the relevance of the dissertation work, formulates
the purpose and main objectives of the research, and provides information about the
connection of the work with scientific topics. The scientific novelty of the results
obtained in the diss&@tion and the practical significance are presented, the personal
contribution of the applicant in general publications is noted, quantitative indicators
are given regarding published scientific works, the structure and volume of the
dissertation.

The first chaptercontains a study of the current state and prospects for the
development of aircraft engine manufacturing. Currently, the environmental and
economic characteristics of aircraft are one of the main indicators that determine its
competitiveness in the worfdarket and unhindered operation on international airlines.

It is obvious that in the short and medium term, about half of the reduction in fuel
consumption and CO2 emissions for aircraft as a whole will be achieved precisely
through engine improvements.thre longer term, increased efficiency will most likely

be associated with the use of hybrid and electric technologies, and high hopes are
pl aced on such an engine type as an 0Org

Reducing fuel consumption is facilitated by increasing the efficiency of the
power plant, but there is a limit beyond which the costs of increasing efficiency may
exceed the potential benefits from reducing fuel consumption. As an alternative to
increasingthe efficiency of components, the concept of increasing the engine bypass
ratio was proposed. The development of this concept became two design directions:
the first- a turbofan engine with an ulttagh bypass ratio and a fan drive directly from
a lowpressure turbine or through a gearbox; the second is the Open Rotor engine
diagram. The Open Rotor engine has a significant drawbaah noise level. The
presence of a duct can partially solve this problem. A gas turbine engine with a turbofan

attachmenalso allows solving the problem of noise reduction due to the engine nacelle
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of the turbofan attachment. A gas turbine engine with a turbofan attachment has higher
values of thrust and total efficiency at subsonic flight speeds, which provides an
increase in thrust at launch conditions by488%6 and in cruising flight mode by 12

15% more than the thrust of a turbojet engine. This phenomenon is explained by the
absence of a negative impact of the fan module (which occurs in a bypass turbofan
engine) on the parameters of the gas generator circuit, that is, an increase in the
efficiency of the low pressure compressor and the high pressure compressor of the gas
generator by 3...5%. Thus, research into the characteristics of a gas turbine engine with
a turbofan attachment is relevant.

The second chapt&s devoted to the selection and justification of parameters for
mathematical modeling of flow in a turbofan attachment. The main methods and
methods of mathematical modeling of flow in blade machines are analyzed.

The section presents the results of choosing and justifying the topology of the
computational mech and the turbulent viscosity model for modeling the flow in a
turbofan attachment. The turbofan attachment consists of two- tieeslower tier is
the impeler of the axial turbine, the upper tier is the impeller of the axial compressor
(fan). Considering the fact that there are no$ahile experiments on the aerodynamic
characteristics of a turbofan attachment, for further research in the work, serate te
problems were carried out to simulate the flow in a turbine and compressor array.

The paper presents the results of test problems for modeling flow in the VKI1
turbine array and the compressor array based on the STFF rotor. The results of many
experiments were compared with the results of natural experiments. Based on the
results of theest problem, it was concluded that for further research into the study of
flow in a turbofan attachment, the topology of the computational mesh and the SST
GTT turbulent viscosity model were selected.

In the third chaptera mathematical model of the turbofan attachment of an
aviation gas turbine engine is developed. Based on thermodynamic calculations, the
geometric parameters of the turbine and fan turbofan parts of the attachment were
obtained. The results of modelirfietflow in a turbofan attachment are presented and

the influence of the heat flow from the turbine circuit on the fan circuit of the turbofan
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attachment is assessed.

In the fourth sectionthe influence of the working process of the turbine part of
the turbofan attachment on the working process of the fan circuit of the turbofan
attachment was assessed. The results of modeling the flow inteetwmpeller of a
turbofan attachment undearious operating modes are presented: at an altitude of 11
km, 9 km, 7 km and 0 km under standard atmospheric conditions. The dependences of
the pressure ratio of the fan circuit of the turbofan attachment on the inlet flow
coefficient without taking int@account the influence of hot gases of the turbine circuit
of the turbofan attachment were obtained.

The dependence of the pressure ratio of the fan circuit of the turbofan attachment
on the inlet flow coefficient, taking into account the effect of hot gases of the turbine
circuit of the turbofan attachment, was obtained. It has been shown that thé ffiotv o
gases affects the pressure ratio in the fan circuit. The presence of a turbine part leads
to a deterioration in the performance of the fan part. The pressure ratio decreases by
0.2...4.8%. The greatest influence is manifested in the operating mddekinw

Visualization of the flow velocity field in the fan part of the turbofan attachment
showed that during operation of the turbine circuit, the nature of the leakage in the fan
part changes by approximately 50% of the blade height. An increase in temperature
contributes to the intensification of the energy of the boundary layer around the lower
part of the blade of the fan circuit, which has a positive effect on the reduction of zero
velocity zones during flow. An assessment of the influence of the flow @fdsats in
the turbine part of the impeller on the heating of the fan part of the impeller of the
turbofan attachment showed that during operation of the turbofan attachment there is a
fairly significant temperature effect on the hub part of the bladeedfih circuit.

In the fifth chaptera study was carried out of the influence of the gas generator
nacelle on the flow in the fan circuit of a turbofan attachment.

A study was carried out of the influence of the boundary layer on the surface of
the engine nacelle of a gas generator on the change in the pressure ratio in the fan
circuit without taking into account the influence of the turbine circuit of the turbofan

attachment. It is shown that the engine nacelle of the gas generator influences the value



14

of the pressure ratio.

A study was carried out of the influence of the boundary layer on the surface of
the engine nacelle of a gas generator on the change in the pressure ratio in the fan
circuit, taking into account the influence of the turbine circuit of the turbofan
attachmat. Based on the results obtained, it is shown that the boundary layer on the
engine nacelle of the gas generator does not have a negative effect on the flow in the
fan circuit of the turbofan attachment, the pressure ratio up to a flow coefficient of 0.35
decreases by 0.1%, and with an increase in the values of the flow coefficient, the
pressure ratio grows to 1%.

The flow on the surface of the engine nacelle of a gas generator without a fan
and turbine circuit was simulated at the following operating mode: H=11000m and
inlet Mach number M=0.3 and M=0.5. The resulting visualization of streamlining
showed that the Vecity field at the fan inlet is uniform and has a boundary layer on
the wall of the engine nacelle. However, the flow velocity field on the surface of the
engine nacelle of a gas generator with a working fan and turbine circuit at the entrance
to the farcircuit differs significantly from the option when the operation of the turbofan
attachment is not taken into account. The velocity field has an uneven streamlining
character and the thickness of the existing boundary layer is quite small. This
phenomenois caused by several factors: heating of the intermediate housing and the
operation of the fan and turbine circuit of the turbofan attachment.

An assessment was made of the influence of the gas generator engine nacelle on
the thrust force of the fan circuit of the turbofan attachment. It is shown that the reactive
thrust of the fan circuit of a turbofan attachment increases by801%Po under
operating modes at an altitude of 0 km, 9 km, 11 km and a range of input flow
coefficient values from 0.35 to 0.9. Consequently, the engine nacelle of the gas
generator does not have a negative effect on the flow in the fan circuit of the turbofan
attachmenand the fan of the turbofan attachment does not have a negative effect on
the engine gas generator.

The conclusionpresent the main results of the dissertation research, which

together reflect the solution to the scientific and applied problem of developing
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scientifically based recommendations for coordinating the operating process
parameters of the fan and turbine circuits of the turbofan attachment of an aviation gas
turbine engine.

Scientific noveltyof the results obtained Based on theoretical and practical
research carried out in the dissertation work:

1. For the first time, the influence of the boundary layer on the gas generator
nacelle on the parameters of the fan circuit of the turbofan attachment, taking into
account the operation of the turbofan attachment of the gas turbine engine, was
assessed gy a numerical experiment.

2. Scientifically based recommendations have been developed for coordinating
the operating process parameters of the turbine and fan circuits of the turbofan
attachment of a gas turbine engine.

3. New data were obtained on the effect of heating of the intermediate housing
of a turbofan attachment on the aerodynamic load and reactive thrust of the fan circuit
of the turbofan attachment of a gas turbine engine.

Practical significance of the obtained resulf$ie new data obtained regarding
the mutual influence of the flow in the turbine and fan circuits of the turbofan
attachment of an aviation gas turbine engine and the influence of the engine nacelle on
the turbofan attachment are recommended to be usex evbating promising engines
of new designs.

The practical significance of the results obtained is confirmed by certificates of
implementation of the results of the dissertation work at the Antonov State Enterprise
and the Ivchenkd’rogress State Enterprise.

Key words: Gas turbine engindurbofanunit, axial fangas turbine,
mathematical model, numerical experiment, temperature, secondary losses, hub
vortex, Brayton cyclegfficiency, performance evaluation, flight mode, trasitical

technology.
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9 ' IsydL dgw desets Oo9 ' OBEZzHEZo9® Odzdz? dzO f jto' SH H
[ " dzg Mte" @ vVCtcO dad ) H &HO0TF.ja020®m ddc2 Y8
sjrnde ydz' 2 fsctcOd3 tetsL o dsls € dzOQ 6230021 tQ teifisc
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Aviation), RollsRoy c e (9" HH' dzj dzdzv Civil Is © Mi
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odesBdzd OB L fYwoodzgddzs ydsdzsdz tetsB ' Is L H¢
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sO Wil |l i aomsall,ntweSr'nattsfmlsOyOs Is! Ho dGlkzded |
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1 BdBj dz2€ dzOlsztc® ©Oo ' Oy' 2 dzd = HodGclzdz o H S f
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odsBdzd s ®8 0O8 ' Oy 2dzd- HodGekzdz o " Mmdzkz >
&z' sOC 0O Mmots’ fosf-sed yS sRff B0t s s @O ¢t
Isj ndz ydzesdzz f tetsctej Mz, ' offigOL L d gdeizdlinw o figts
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Csdzf Odz" ° CFM I nternational (Mmy " dz dzgg °
Safran, ~ 44%) IO Gener al El ectric (~ 2
oL CtsWe L J dzvedsdiff Oddz' SOCFaM | nt ernati onal
CFM56) Is©ohakteAemnd Engines (~ 19%, m' d3J
HodGlkzdz © HA&V tcjicl Oz dzd ~G adni dsrOeLl” o9E| ect r
strr CF34-RoyceRo(+s 17 %, M ddd 2MmMlseats uvirrT
Hodekzdz © HA&W dOc' MistcOdz" ®RPE € B dgfcBETW ¢ IGE «
Electric (~ 51%, M 3J2Mseoa O virr CF6, GE
RB211 1sO Tr @215) (tedfm. 1. 1)

% Pratt & Whitney
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[==—=)

31,690
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%) IVEHENKO 3 HBYEHKO
PROGRESS MPOrPECC =
> <
b
C 10
1 o =10

* Pratt & Whitney PP

E—C—

E— 7,214

ENGINES

ROLLS

tdf. 1.1. (sLiBH' & §O0BCE §OMOYdEm! €

Ho dc Sz by @ lo )’ Gk t§ Ogf t&eckj delslz oL CWs L j

iLO Mjek dstsd tj ¢i LA cldgjRdzlaE ds @6 oty ¢
& sOC" o
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10 LOVI Ol Stz Odz" ° Gener al El ectric

o dlstcOls fOkdo O dz0 10% -§ GBGER dzv dzis o LBz GC
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NOX L O twifdakks sz tslslzj d3j dzh j 30% h SHIS
[22, 23].

tdf. 1.2. t6LE'L uvtrr GE9X kO 2tet § &l

BOIs j t6' Odzkz
=D
@< &

— .
GEnx LEAP GE9X JBuryn 2025+

é) Z !g:
2011 2016 2019

- Mepuie NoKONIHHSA

nonatok TBT 3 KKM
MaTepianu MpocTtaskn 3 KKM - XKT 3 KKM

- BucokotemnepatypHi
ANCKM
Hu3bkun onip

- BeHTunaTop i3 MKM - BuxiaHuin HA 3 KM m MOTOrOHA0NN
- 18 nonatok PK - 16 nonatok PK i

HoBe NoKoniHHA
nonatok TBT 3 KKM

BeHTunsTop - NMokpalleHa aepoau- - NokpaweHa

i THT HaMika aepoavHamMika .
MepcnekTusHi
KOMMOHEHTH 3
Nerkux maTepianis

- Hosi nonatkn PK TBT - m*=27
ABUTUBHE BUPOOHU- - KC TAPS I

FasoreHepaTtop ~ UTBO - NepcnekTuBHi 9
- MNepcnekTueHe YUWiNbHEHHS IMocne 2025+
OXONOXAEHHS
- MepcnekTueHa - PosnogineHe CAY TreBL
CAY FADEC - MepcnexkTuBHI NanueHi
>
- EnemMeHT 3 nerkux Hacocu. *

maTepianis

tdfm. 1.3. (LSO fjtmMfjSisdodedn Isj n dzt
Hodcdkzdz 9 desotsets f 5C tsdz' dazdaw
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9 ntSH' 9 uvlu dsfoOIls¢d uv¢ ts fjthtsess Mmis

[31- 36].

10 tdm. 1.4 dzO09 j HJ detsl A BFA o 0% @EzM 30 ©Odz
CFM International, wg° LOMistsmtse z¥ Is+ Mw ¢
A320neo ' A320-dfdsds, oGz aKdz"tctiMIFA L'EARRWIL 1 33

Csdzf Odz" ° Pratt &, 38hi tlneedy tA43d200Cnteoos dfiz L dzO
strr LIEMPSA bk st o BEBddt dzOR BCEMS g d5 2z "
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CFM56-5B

LEAP-1A35A

tdm. 1.4. 1ttc’ odgV dzdz8B BictsL-IRE® PO U |

ST T—— PW1133G-IM

LEAP-1A35A

tdfy. 1.5. totsltRs'ted dpv dzdgd M P WIAEA PG
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3.2. (tLtORkdtsS cittdijlsteduydzdn tMWd to
IskztcB ' dad

 dzv ftsBkzHutsead oW ' dz¢ dsfOlsCd Iskztes ' dzd
9" HdzsMmdats e Istso M d dats & dzO0  #J tc J)HAED usidelizdzY H " 90 C
CtssteHd dzOIs IssysS ftosW ' dzsl[9ftcj HMIsOo dzj dzgj E
v OB dzdlyw 3

L% (Yo 5% Yo

0 0 40 |509
125 [11.7 |50 |47.6
25 |154 |60 |37
5 199 |70 |251
10 |[27.4 |80 [14.2
15 |34 |90 |85
20 |395 |95 |7.2
30 |472 |100 |oO

1 ed2 BO° dBs, hts MjtejHdY oz dg' W sy ' dzs ¢

fOcOetdd £ LOCOd dsdk sdfOHSE * ' o d" dz
LOf dMOld k& dOfmiskzy dsdkz odcdvH"
A-x*+B-x-y+C-y*+D-x+E-y+F=0 (3.1)

[ SHOISC tso 58 HERISOdsts dzeff dZv  to* o dgVv dzdaV :
BZ+4A-C=0
{ " odwdzdzr 3.1 RsydzO LOfdmMOld k dzOMmlskq d

—Bx—E+,/(B-x+E)2—4C(A-x2+D-x+F) (3.2
2C

y(x) =

l sBzHEZo Olsd § OtcOBdzZEZ dBisy dzZO L dzO® yd tc' 9 ¢
sHd2 *° Itsy¢d. 1 jth' Ho' HBlsdyds odL dzOyg
9 desmdClkz oW dz¢ O CtsdmflstezC Yy 2dzdd3s C kzls
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mMjtejHdded © Hte' LE" 9, WwWgC°' 9 MmMets yJteclz,
SO IssySkz dz0 f OttOBBd . 1 JtBR' HdZ J dzj d3j dzlk

)‘&Lg

[lepwa domusrHa
(epedns mHig
(napacona)
054/
pems domusHa
Lpyza domuaHa
N

tdm. 3.7. #a]BO ftsBRzHtSO HTESIS

t " odgWdzadz" HBIdydes' HB Ctcdoets’™ o Istsyy' d
Y=Y = ¢'(x0): (x —xp)

H J

Pl)=tg(@ifsn HdzO Stedots’ HEBEBeEts §HEWHS
TiCkl & ¥ HBldYdss IO o' M

1 sn' HAZO dzj Vv o dzts° WiEZdCy' o H dzw tc' o dzV dac

zOMmlskzf dzd2 o dH:
2A-x+B-(y+x-y)+2C-y-v'+D+E-y' =0

1 v MY tsh | dadpy Slted 5O Bt dzOflsbkf dzj 6

ZA'XG_FB'J’D +D
B'XD+2C'_}’D+E

@' () =y = =tg(a)
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[ dzv L dzORtsHY jdadgw Ctsj W' y' " dags' @ E tc' o dav
tc ' o d@7Hz

" 24-x,+B -y, + D
B-x,+2C-y,+E
24, 4By, +D _ s
B-x;+2C -y, +E 9\%
Ax*+B-x;-y,+C-y»*+D-x;,+E-y, +F=10
A x*+B-x,°v, +C-y,* +Dx;+E-y, +F =0
A x>+ B x5y +C- v +D-x3+E-y; +F=0
\ B2+44-C=0
] Mz Lo O0WL Sk tltedBOds’ Mdhlsj dgd

CsjW'" y" " dagls" @ LdzORBHWIS! {tyOlsitse’ CBSGHEC

= tg(a,)

HJ
b i T steH O dzsf OlCd tesBBYSBSES Stdj MO;
lifsteWHSC B d?2 dsdgjte ssySd;
Crmax 19" HadzsfdzO® Istsoh ddzO® ftetsW ' dzs ;
AVii9' HiflsOdzr o' H MjtejHd &' o d&& °, 6 d
ststcHd dzOIsd Istsyts¢ ftesW ' dz BkzHE® Iss mw

t " odav dzdav destodzOdz’ B3O dzOfMlskzf ded?2 o dH:

-1
T o' ()
1 2Oy j dzdzv Otstisdoteiffddxisls* L to' o dgv dedav 3. 2.

[ dzv OolstsdBOIsd ydetsets B ydmdzj dadz?y Issyss
HSHOISC Iz Mat hcad. i SLIOR 59 Odzd 2 ftetsw ' dz
ftoj HMisOo dzj dzd?2 2O tdfizdzCkz 3. 8.

y “(x—x0) + o
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Ok Bbdts odStsdOds toLORkbdSd sl d

oS sotsdlz ©OH Ef' . 10 jLbkd kOOKB] &B:
[ slkkztes " dzd, wCO ftojHMmisOo dzj dz0 20 ted flk dzs

tdf). 3.9. 3Dt el iiimdets fdls S d
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3.3. [BHjdroOddzy kjy ~ o Ikktstsejdzs(
sz j dzj &§ Iskter * dzd

[ BH | dz8 9 O dada” Isdi y' ) szteB 8o § dzls d dzv Is ts t
ftosetcORAdE i3z H SUEAEBICEX ANSBMS dz € yj?2 (et
Mo Isseadnmn dz Hjte' © HMZW dBSHj dzt 9 Odzdzg" OGtej G C

10 tjLEkzd IsOlsOdid f s jtcj HdZ' A JIsOf " o
sztcBtseo j dalsd dzv Iststedets’™ Htod MmisOo € d.

lted fsBkZHBO ' dBsHjd fHtod2dvls® dOMiskz] dz

b dGgsH jdzt " Is: mw s dzt € tSHddz Msizy " dz
L lskteBtso j dzesd dzv ststedzO JtedMmMlsOoa SO  d3sH
oCdzs yo' Is" dz €d tSHdzE dsf OB (SEkls
L cOLBE®B dZO HBBH jdz8 ‘' Is' MW Hdeddz Mg €
Zzsf OlsCd (kB MjSChtstelz 2, 11
L dzsf OlIsCd IskzteB ' dzgd BJL MdMmisi B st
L o' HftcOy! soOdz cOLd 9o IskzteB ' dz' tesL
b ftesd3j dzj od2 Isjf dzstsBd3' dz dzgj tetsL ¢ dzW H
sff oW dsdzed 2 Of OtcOls L O Ikt tse j dzlsd dzv Is ts tc dats ©

S OdzCdits 2C sdzlsztclz BSH j dzs “ Is! Mw oW i3 dgd H°
ftotsW ' dzt o Odzdzv . I 7' nodE] 2 € WfddgiAndstic © @z H s H2] dz¥
skztce wlff Sogdisd dzv sstc©® IskteBtso j dzlsd dzv Iststc dzts
By sOdzj oz tsBdUO2CEZ HAZY d&@GsHjd® oOddzw Isj
s cogadzssJdzv sstc® Isktcetso j dzlsd dzv Iststedets’™ ff to(
sjf zcotse s flstsClkz 9" H cOttwWydes cOL ' 9 {jtc!
YJtejL H tc iz Gl§[ 12 tc BUst® dilstidste]| dzv Is 5t dats ftedMmlsOoe €
HSHOISCtsots d3sHj dzt 8 Ist Mmw H' dzvdz¢ d 6 Otew ydn
s dzsed2 Of OtcOIs IskzteB ' dzd dzi dsSH§ dzt ‘' s+ Mw
hodHECBMIS® . 1 OcOdz dzgd?2 odedWH dPsHj d&z' (e
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tdfm. 3.10. 10c0d dzd2 odcd"H tesL

[ dzv Y sBlzHtsod tisL tcOR Iz dif Holds p dbP dsFKlsfts te. d Cf ts
fMCZOH O  Is! W L 11 tetsLtcOokdS sodn B &OMIsj 2
flsteczC lsktetso Odats® ' IsSCts8 . | dzv RBsHj dz¥ 9 Odzdg”
tetsL tcORzdS sots’ CBdf e d 3 ddy.dzv[ tiiflsO sifs@  ajlsdRlsiz
Codzsztc ftodmlsOoaCd oLHBOY RBtHd ©LHEOBJIO
Cd3 tosC. 1 SBkzHBO ORAD B p&OJ ertizk s BB & {§
szteBtso jdzZsd dzW ststodzs’® HtedMlsOoCd Htej HMmlsOo dzj

B J-
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s d ¢
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HJ Od
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1 4 6 E ts d30 1 s ' Is
74t fp|w ¢
Turbine inlet| Is Iz tc 'dzq’ ‘'HJ Od 5916
R3sH J dz¥ 9 OdzgG OL
dzOB ' ¢ O Yytsd
#jClstte 1 s ' Is [ BdzOMmIs"
- skzteB ' dats® w ¢ BtsH j dzt o
Hot air in {50 oW d ‘HJG)ct82418 o 1 dzd o Iz
G OL Isj f dztso s
#j St L O |} 59’ IS f stz
Hot air out COLYU]d 1]’t\.lvﬁcjed824l8 g#sﬁzrl]stl:titl;
GOL T OtOCIs |
[ B d&zOMmIs! [ Js0Od f stz
: tSH J dzt 9 Odzo Csdzlskztclz
Hot wall in SJU;‘EBMMH 6264 [ OfBsE d
Hot air in “dzh d a3
[ B dzOMmIs! [ js0Od sB dzOMmiIsw
Hot wall out gf;ézgz;jgjzﬁ 21609 o HBESO
Hot air o\
I ' tsB ZOMIs" 5630623

r dzv  d3tsH j dz¥ 9 Odzdzy  IskzteB z dzj dzls dzts s 9d¢ st
BB H j dzt 9 Odzdzy Isjfdzsedrmr fHftesyjMm' © o9dBtOdZO C

[ B&zOMmMIs"® Compressor air, Turbine air,
LOHOd vw¢ kO¢', hts tsBjtlsOt s mMw., [ B dZzOMIS'
sB zOMisw ddd " dalsjteW j2MOBBd L O HBYtsBctsE a3
fsojtentsdz , WwWC' Basd3f ) g l€ls SteOdgdmils 'L ,OH O dz’

sBtcOdzts o d&zOMmlsdo tsmis®™ Rotational Periodici
ftcJ HMIsOo dzj dets dzO tedMmikzdzC 2z 3. 12.
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003 (m)
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00075 00225

tdm. 3.12. {(BLEGOREZAdRISSO HBESH

Il wesfls' cctOddyddr Ed@ite L OHOdts dzOMmiskzy
L [Bd&OMmls: Air in, ¢tOddiuysiedf kodfsonO (1
sdms, ToodzO Isj B3 JteOlkzcO;
L [ Bd&zOMIs: Air itytf, sge @yt bgistcOISO {f 5
L [ BdzOMIs! Turbine i-Bdftonyw, Tihsbddidd?2
Isj BB j tOIkZztcO, zOof tew B¢ fslssCkz Cyl
CoRf sdz) ZBR @2, GOH ' ©OrzezPaA4 Odz dzO
L [ B&OMIs! Turbine dabdf 9d-aTuHr bddbBtcO
L [ BdzOMIs! Hot air iisgff p@&' Hot f &budzed P n
Isj B j cOktc®; JibBdHoddaAT n, CagdbkeOISO {
L [ B dzOMIs! Hot ai r iosudtf, o4~V HHO t{ tseoidzed 21
Isj B J tOSkteO; jijBdHoddAT n, CagdbkwOISO {
vfp* " Az cttOdzdydz Edised, tCte’ &3 ' dzlsj oW
1 OttOd3j sted oL tcOrlzdzC 2 dzOMIskzy dz' Qo lstsd3
f YOl s 0 HB Y EEROM BOGL dzd 2 MCtetsC L O YOME
1" H Yyom ttsLOrkzdzikz o' HMIsj ) ko OHAY Mo tf Ot
oJdzZsddzvIsstc® SO HA&W Isktes' dzd, ts@Wc'B & j dzlsz]
f OtcORBj Iste” 9 " H YyoOm tsLtcOrlzdllz fttj HMIsOo C
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1 sodzd?2 kdMS L O fedmlsOo St

JBjtlssod? dsd3j dzls Iskztes * dzd

[Bjttsod? dsdjdls fdmlsOs

T T T
200 400

int: Mf —— Monitor Point: Tc = Monitor Point: TotalP {Absolute Pressure) Monitor

tdfp. 3.13.

tiLkd Ol L tOIkdS" o $3d5.1MisOo dzj dz

Velocil}/
Streamline 2

. 554.557

415918
W 277.279
138.640

0.000
[m s”-1]

tdm.

3.

[ s

Velocit
Streamline 1

l 554.557

415.918

o 277.279

138,640 V
I 0.001

]

~ -

skt dzd lktes o j disd dzv Istste dzts

e \
1 &' O §OwOdkjlst' o '

d

4. {LYBH' d& ®OWOXZOEsFE o jdzlsyl

t
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1" H yom tesL tc OR & @zz@fhyoLd® BmjlsL'f | 8B J telstso
oJ dzsddzv sstcdzse s IsO skt dzdesets Ctsdeslztclz Is
wWehis Hdzw BtsCtsoadms o jtortsde o BB A&ZOMI® Al
9C0OLOd ctOddydzz zd@iselz Mls' @S¢ d (" B dsOy"
ftedmMls©oaCd IO IskzteB' dzgd M ' off OH Ot Is! ‘ i tc
odlstcOIsd. 1 0odh jdzai L dzOyJj dzdzw odlstcOIsd 59
Mftesh jdzdd3 L OoHOdzdz" d3 G J sd3d Iste”® ftotsls sy d
o' HiMklsdz' Milse ol Jjdzj.tcc’' ~ E Mmf tew dgdzs 3z C

71433.875
[Pa]

©
Pressure
Plane 1
. 1698651.875
1585369.875 ‘
P 1472088.000 Z
I 1358806.000 ’
1245524.000
Pa 0 Wy
L3 !

tdf. 3.15. {(GLEGH' d dmnSk sozj daldeRvdis ste
fd tej Hdz' sz 1 j tegslizdedz” datftsf Ols €
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 SHOKC S B o9dStsdzOdz toBLtcOrlzdSd Hozv od
o' H Hjtthsets Cdskztez d&ZO Yls' ¢ E Httkzetsdik
sB &zOMlsj2 Hot air in SO Hot air out LOHO
tetsL tcOn 2dzC & tod iplindeCOm dRj.dd 6 .dzO0 to

Temperature Temperature
Plane 1 Plane 1
50.000

1JtGJ.tQ‘ L dZtSUOIS' l-a?,soo

-0.000
]

| |
0.200 (m)

o m [
— —
0100

(qf). 3.16. (BLisH d Isj&fjeolsked &g
B 3 lls® @ tsdzls it Odzd

CS odHds L tjLbd OYEEs oEBtOSidkittbErD] §
@O Isj &Y j tcOlstiefipbts atfsdOEdERCIs 56O (o j dalsd dzv s stec
siu' ¢ bk ojddsddvlstt’ (lotgHMddvs sisEdsdglzH L s
feso jHjdd b &OMsky dsdkz tsLH' d&

ldmdzso € d L O tftsL H' dzisds
t SL tots B dKY lszisd30 Isfswi delaiz Isztes ' dadzts’ ' 9 J dals

sktce o j dals g dzv Is ts to dzts fedmsOeCd 1| OOL tslizs
5§ tedstsH g dzO o5 Y dzsHees] GliztslzCe OF k@@ izt H d dzO 3’ Y dzts G t
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tslstcd dzO dz' Gjtsdij Istcd ydz f OOz sted M tsots
s sofpdasddzv ststcO® (o j dzZlsddzv ststcdzse s C sdzlskztol
we' M dzOHOs Is! HeotWkkMmMda BB YJ Ctdzj Mts

14 5d3j IsQaigtsuHdg dz sztcBso J dzls  dzv Is s tc dzts ¢ dzO
o jdlsddzyIsstc® ° 3 MmMbkfjd © Iskzter ' dzd.

1 toj HiNlsOo dzj dzts tejLEzdz sOIsd BsH J dz¢ 9 Odzdz™
ftcdmls©oe y'* SO sy’ dzgj dzs o ff dzd o Isj f dzso tsG s
9 J dzls d dzv Is ts tc dzd 2 Ctsdzlsztc IskzteB tso j dals d dzV Is ts to dat
Isso h d dz' Cotef Mk & 3 bkt ' dzdz® @ d3tizs Botsivdgls2d |
ftosyjMm bikzteB' dzd o dzde O O twtsBtyd?2 tofs?
ftcdmlsOo € d.

t Lz HOdset totsL H' dzliz' Qfotdsjtd8fifds Qo dzj dzts o
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tdrrwf 4
Fdrefstéovirc veovwwyldrruvrfcuft1rws 1 Ru

4. 1. f BH] dz8 9 Odzdz Isj y' ’ o j dzlsd dzv Iststc
sbtcetso jdasddzv sstedzs’ ftedMlsOo § g

MOteOCIsjtodetss M dzde ' Mis¥ tseslsd IskzteB 5
tcsBtSISO oG AL tistkcBL@zd f J o HB ML sSH'YE dak@ zE SIS
Odzj dzO0 o HBB dzz o' H € dzOMmd ydzts € ©® L Hsbztcms tS Cdzsd3t
tesBtsYyy SBdzjmMts ojdzZsddzvIststceO® tisL ISOh s9 Odz
YyomilsdqdzO (o dzsddzw Iststedzd?2 S Bdzlskzte) IsOCBEB
dzd y dzv yOMmlsd dzO ( sktes ' afdzad®b @esdels@r.tc) f tcOys °

WHJWY LOMsmMikzeo Odzdz? IskteBtso j dzlsd dzW Iststc dzts
sztcB tso j dzlsd dzv Is s te dzd n Ho G lkzdz o Blzo L totsB dz
HodekzdzO General El ect2Bc (&£d®H, 49 1ubdd? ' vz
LOHdz 2 o jaiBdedrisas'tcdzd dzd L Stsets IsdmMEkz, L
f OtczBCEz bizteBtstcj O Isdo dzsets HodelzdzO |

tdm. 4. 1. r1ro9dckzdz L IskteB o j d2ZB[PIzv Is 5 tc dzts
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1" Ldz "y, Geonewoal IED esfydetsalz S sdzyd f y' &
o jdsddzy ssttO ol d&zde o Pt6ts O  (HH99ddC
f syol&lz sk ' o) . 4! BGSH dz 18 & d cUAdE G=elotedr
fsHOdz h d2 OteasLte @dRISOR ftotsj CIs' o (Coltsa actsBkoyj dz
Hodékzdz OpenRotor. OpenRotor d&gO° ¢ 0OL dzd
dz' ¥ HotsC tsdzlsztcdz Hodcecbkdzd, ®GHABZOS LOkdJh O
o dftosds’ dz¥ 9 Odadzy, WCj cjdgjtelz’ LOHDE 2 9" HES

[Mdeso d Isj stc’ ° Isted ¢ s dzls Iz tc dzd ~ HodGelzdz o
vsitedhjilaE s ] totsB 5ls 9d¢ dzOH j dz' f d s Odzdz"
Isted & 5 dzls Iz tc dzd - Hodekzdz o (Ho sC tsdzlsz tedzd m

ftedfmlsOo C 58 ) , sfdseo d IsjtedstsHd dzOd3’ ydzts @ s
Isjted3H d dz2Od3" Yydetsets totsL tcOn zdzC Iz IsiztcB A j dzls
esLtcORkzdSd fsCOLEZsIs:, hs jWjClsdoe dz fMmis!

L IszteB ts9 j dzlsd dzW Is s te dzts & ftcd MlsOo C ts L tesfls
Hodelkzdztsd3 B J L skzteB 8o j dzlsd dzV s st dzts’ ftod Mis C
Is' dz2 €d OCyjdzls dzO HwEisB dzj Bl f OH 3l p tc @l ISE dlzto
Csdzj " . ) tcsB tsis dzd tesL G dzW H O Is4 Mw i c
sztcBtseo jdalsd dzv sstedats® HtedMmMlsOoCd dzO ff Ot Od3] k
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