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PROPOSED METHOD OF THERMAL PROTECTIGN
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Injection of gas turbine box (KMPO)




Consist of experimental setup
1 - compressor;

2 - flowmeter;

3 - air receiver tank;

4 - inlet channel,;

5 - experimental setup;

6 — outlet channel;

7 — multimeter;

8 - autotransformer;

9 - manometer;

10 - pressure sensor;

11 - digital indicator of pressure;
12 - analog-digital converter;

13 - computer;

14 - thermometer;

15 - barometer.
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TEMPERATURE MEASUREMENT RESULTS
“Hot” gap size = 0,95 mm

MM

“Obonouka

IKpaH

P

G, =115 2/c

G, =91 2/
s,x&\ G

=71 2/c
G,=5,22/¢c

F()p}l yasa cmenkKa

MM

0 .
. 250 300 350 400 450 500 550 600 T, K

“0bor0uKq

Prpan

0

P

— G,=9,1 2/c
- G,=7,12/c

G,=11,5 /e

- G,=5,2 2/

RSk

Iopsuas cmenxa

MM

T.=600 K

T.=673K

250300350 400450 500550 600650700 T, K

e

N
- Obonrouxa

Dxpaii

SR
Sk >\K =5
A

-

G,=11,52/c

/ijf ) G =5,2 2/¢

G =9,1 2/d

=7,1 2/«

Topauaa cmem(rz

250 300 350 400 450 500 550 600 655 70531', K

MM

N\
‘Obonouxka

DKkpar

-

0
G,=11,5 e

//\k

X(/’/— Gﬁ, =9,

G,=7,

G, =5,

=S

12/
12/

22/

T .=800K

Fopﬂqaﬂ cmeum ‘

o-G,=I11,5/c »-G,=9,1z/c

0
250 300 350 400 450 500 550 600 650 700 750 T,K

0-G,=7,12/c o-G,=5,22/c

“Hot” gap size = 0,71 mm

-7

5, Mﬂ;__—ﬁ_ —_
100 *Oﬂo.aoum |
90 _ Oxpan
60| G =11,5 0% & 1 T =600K
30 ‘ \Qj@(/ G: =5:2 2/2: Topauas cmeikg '
0 - g
250 350 450 550 I, K
O, MM
100 ﬁ ™ 060.7101"(}1 ‘
90 .Okpat
60| ¢ i1 s G4 T.=673K
G, _11’5‘Qi %‘{/VG“#’I 2/d
300 Lopsuas cmenka S E G,=5,2 2/¢
250 350 450 330 650 T.K
8’ }WOJZ ﬁ ™ Oponouxa
90 ":f:____i._ “ . Skpan
N LG, =91 2/ —
60| o115\ IS T.=713K
30 0 L M G =522¢
[N S A a
250 450 550 650 T, K
O, MM
100 ﬁ ) Obonouka
90 i o - IKpan
60 3 | —G,=9,1 2/c
30 G,= - |G=7 120 T =800 K
0 ['opayasn cmenxa § A ol G, =32 L |
250 350 450 550 650 750 T, K

O-G,=1L52/c 2-G=912c v-G,=712c o-G,=522c

@



TEMPERATURE MEASUREMENT RESULTS

“Hot” gap size = 0,51 mm

o, MLE .
10 » Odbonouxa

50 T =600K
250 300 350 400 450 500 550 600T K
o, MM ﬁ
100 k Qbonoura
" P i T.=673K

50

=9,1 2/c
712/c
G =5,2 2/c

0 N
250 300 350 400 450 500 550 600 650 T, K

O MM,
10 \ 3 Obonouxa ’ |
T,=713K

. IKpan
e
0 TI'opauas cmen G =5,2\e/c
250 300 350 400 450 500 550 600 650 700 T, K
5, .
10 " Qbonoura ‘
800 K

50

opauans ClMEeHKa

0 :
250 300 350 400 450 500 550 600 650 700 750 T K
©-G=1L52c & -G,=9%12/c 0-G =71 o-G,=52c

“Hot” gap size = 0,25 mm

O, MM . v * !
10 g Oboaouka
rv
R G =91 2/c Dxparl T =600K
50 — S r
6= .
G-I, G =52

0 -
250 300 350 400 450 500 550 600T, K

10 Obonouxa
- G,=9,1 2/c
50 LG, =71/ Inpan T =673 K
AN
G, =115 %(-GK =52z

0 -
250 300 350 400 450 500 550 600 650 T, K

O, MM

10 “M‘~G, =115 2/¢|
rG,=9,1 2/c

50 rG,=7,1 2/c T =7I3K
LG, =5,2 7/c

0 o= <
250 300 350 400 450 500 550 600 650 700 T, K

O, A .
10 Obonouxa
%\ G, 9,12/ IKpan .
50 . T T, =800 K
G,~11,52/¢ “—'%CQG =52 fc Fopﬂwm cmepKa

0
250 300 350 400 450 500 550 600 650 700 750 T K
o-G=1L52/c 2-G=9,12/c ©-G,=712c o-G,=522

@



uuuuuuuuuuu

A, o

0

g Y

g8 P

7 A v

5§ S

5 VV
Al

4Ja éé

;m @ é%

" e

; 2
]

14 B

/ 2 (pw/

THE DEPENDENCE OF THE COEFFICIENTS OF HEAT TRANSFER
TO THE SCREEN FROM THE MASS AIR FLOW
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Dependence of Nusselt averages The nature of the influence of the
on Reynolds averages relative temperature at a constant gap
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THE EFFECT OF TEMPERATURE AND CLEARANCE ON THE NUSSELT NUMBER
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Experimental result of thermal transfer

As a result of the generalization, an empirical
relationship was obtained for determining the heat
transfer to the screen, taking into account the influence
of the flow rate of the cooler, the relative gap and the
temperature factor in the range of Reynolds numbers =

300 - 4000 :

Nu,, =2,3-10° Re2 T2




THE RESULTS OF EXPERIMENTS ON HEAT
TS i, A o™ TRANSFER TO THE AIR IN THE "COLD" GAP
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The dependence of the average Nusselt numbers on the
average Reynolds numbers in the "cold" gap
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The results of experiments on local values of heat transfer coefficients along the length of the working section

for the minimum gap
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The results of the experiments of local values of heat transfer coefficients along the length of the plot

a) T,=800K [1-T,-200-T,~23;A-T, —24;V-T,—2,73;

@-G, =52g/ls;e-G__=71g/s;8-G,, =919/s; o-G,__ =115¢/s;




“caaan BN ““C"enoaamnb
PRIy

W y!

*TTY . A Tynone®?

Chlgy;

T -T
03: T 2.BH

TF_TB.BX
o,
g_gﬁ.h_%ﬁ-!q_gi!ﬁgﬁgﬂvg&ﬂvaﬁ 5
08 v A L J AN v
07 V(A 8 v
’ v
06 3

The results of experiments on the effectiveness of

thermal protection of a porous screen
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The nature of the impact of the gap on
efficiency
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THE EFFECTIVENESS OF THERMAL PROTECTION OF TEE
SCREEN AND THE SHELL WEIEN USING AN AIR CURTAIN
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The nature of the influence of temperature on

the effectiveness of thermal protection
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THE RESULTS OF EXPERIMENTS ON THE STUDY OF THE EFFECTIVENESS OF
THERMAL PROTECTION SCREEN AND SHELL
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Generalized results of experiments on the effectiveness
of thermal protection of a porous screen
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The results of experiments on the effectiveness of thermal

protection of the outer shell
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The obtained dependences for calculating the temperature of the screen and the shell in the range of variation of
thegap §=35, /8 =0,25+ 0,75

These equations allow to predict the temperature state of the screening system with free convection in the air
gaps 7, = 500 + 800 K

T,=084(T)"-(5)" =085-(T.)"-(5)""
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HEAT TRANSFER WITH NATURAL CONVECTION IN THE “HOT” GAP
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Heat transfer from the hot wall to the air Heat transfer from the air to the screen
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Experimental results Nu =f (Ra);

1 — thermal transfer to the screen (experimental
points);

2 ——thermal transfer to the air (experimental
points);

3 — Kitamura’s equation,;

4 — Morrow’s equation;

5 — Pertazinskiy and Polezaev equation

6 — Hollands K.G.T., Raithby G.D., Konicer L.;
7 — Gebhart B.

NUp
8 v
7 /.//f&
6 V/Bi”/
& BT
5 e
4 /ﬂ/// //
P
Ve =
7
v’ v’ 10° Rag

Experimental result of thermal protection to the air

NuCp =f (Racp)
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Experimental results of thermal transfer to the screen
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Preliminary calculation of screen and outside shell
temperature (NK-385T engine)

Temperature of body

Ty = 800 K
Ef
g Temperature of porous screen
§ Tsc = 489 K
P
”g 1 Temperature of outside shell
Q : | out = 387 K
E i
E The porous screen reduce to
5 the temperature of outside shell
ga more than 2 times
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HEAT PROTECTION CALCULATION RESULTS IN ENGINE NK-165ST (KMPO)
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Thermal balance of IC engine

28%

45%
30%

32%

38% © H.J. JlerncoB-Bunckuit

© H.J. leauncoB-BuHckuit

Gasoline engine Disel engine
32% - heat converted into work output; 45% - heat converted into work output;
28% - heat allocated to the cooling system; 23% - heat allocated to the cooling system;
2% - heat generated during piston friction; 2% - heat generated during piston friction;

38% - the heat removed with the exhaust gases. 30% - the heat removed with the exhaust gases. @
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Next step study: Use of engine exhaust manifold heat

heat source

llhotll gap




Researcher Links UK -Russia Workshop

Scientific and Technical Grounds of
=" Future Low-Carbon Propulsion

19th - 22nd November 2018, Northumbria University at
Newcastle, UK

an bHbI W uccneg GBaTﬂn
AN E'C,pr
e YHUBEpCUTET L/

THANK YOU FOR YOUR ATTENTION

TTY um, A:H.Tynoﬂeaa

READY TO ANSWER YOUR QUESTIONS

Artur Gimbitskiy

Kazan National Recaercsh Technical University
n.a. A.N. Tupolev - KAI (TU Kazan)

E-mail: Garthur@yandex.ru
Tel.: +7 (917) 282-15-98
RUSSIA, KAZAN

7] Northumbria
= University
NEWCASTLE

W vt @@ BRITISH »
W

sunderland ®©® COUNCIL




