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b DETERMINING THE LOCAL COEFFICIENTS OF HEAT EMISSION
F OF A DISK WHICH IS ROTATING IN A HOUSING WITH
.3 ’ JET BLOWING OFF WITH AIR
A
'y .
N ~ A.L. Kuznetsov, candidate of technical sciences,
\ «
Ry \
N -
B The article sets forth the results of tests for determining the local
coefficients of heat em1381on of a rotatlng disk in the case of jet
¥ blowing off with air. 'fvfivy o ,!ﬁ
‘ '
s':
“
,M The results of tests on the heat emission of a disk, rotating 1n a
)
"L
: housing w1t Jet flow arcunc, the descripticn of tne experirental
K}
m installat.on., method and system -f measurements were given in werk [1].
X
)
a; Ecwever, subisequent processing of tre test data prompted the necessity
by
L
)
of mak.ng cerztain changes i1n *hem. These are covered in this article.
,||‘
A
\
)
;ﬁ For example, 1n wc:i (1, 1t was pointed cut tha*: the average
"W
) dirmznsionlesc coeffic:rent o0f hesat emissior Nu, for a ring with width 4
.
ﬁ {F_gure 1!, w.th an average radius k 15 determinec from the expression
'
1)
e

. _ 0.8 u \0.8
: Nu,~ a R 140, ()], (1)
"‘
\
»
h where Ny =39, pe G - average coefficient of heat ermission
" TR N T Takadugs M
i‘ from ke surface /=~FRZ, Go - flow rate of air through the nozzle: d
8
o 1
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iy ~ diamerter ¢f the nzzzle: =z - number ot nozzles: R - rad:ius ©O: mounting

ag‘t

O\ ¢ d*

e . . = .85 d —0.082 — _9.'.2.1_- =!_—-

M of the nczzles; 9 =00547 Y . = P3FE TR

“ U= @k - gper.rheral velcc:ty of the disk on the radius of wmounting of
o

:i the nozzles: c¢cp - velocity of adiabatic discharge from the nozzle:
XA

1‘;?

:‘r M and A - physical parameters of the air in the case of the

1 temperature of the air in front of the nozzle tg.

Fy

:tl'

1

l.’

o

Tt The amount of heat removed from the disk from the surface by means
;‘l of convection was deterr.ned using formula

o':

)

ke

B . Q=ajat, .

KN (“)

L 4

.

',l\"

v':‘

1“

:.:l where AQAt'=ty-Tp - temperzture head, determined as the difference

(N

Pt

)

{.' betwee:. tre temrerazture of the surface of the metal of the disk and the
‘,v;" temperature cZ the air on *he 1rput to the nozzles.
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V!

\’0'

o":

h -

:'.! Ir. accordance with eguation (1; the values of the coefficient of
i heat emissicn and the criterion Nu on the radius of mounting of the
|.|

1.

» .

's:I nozzles are founcd from the expressions

N

n".

_9.:

t

N d

X ap = 005425 & pels A,

Ava d

y . 085 9 o8

n Nug = 0,054z R Re. ", (3)
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" In this case ®&p and Nup virtually do not depend on the simplex
r _

v',: fu/ co)o <. On the basis of the theury of heat exchange &k and Nup are
ia"
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ﬁd- the averéeges values ¢2r the: coefizicient of heat ermission and the
critericn Nu fc¢r the area of a ring with width €=d with an average

wh reliuz F.

Figure 1. Laycut of the installation: . - jet input of cooling air;

\J

: S -~ remcval of Fin.

) ks was pcinted zut -n work [1], such a treatment of the test data
ﬁw alsc makes it possible to find the distribution of local coefficients

AN of heat emission over the radius of the disk under the assumption of a

symmetry of their profile relative to R(1R+lf=ﬂk l)
L -4

» However, further processing of the test data showed that when rotation
is present and there is a relatively small 2z there is considerable

W asymmetry of the profile of local coefficients of heat emission over
ﬁb the radius of the disk. However, a calculation of the temperature

2 field 2f¢ the disks of spec:fic gas-turbine installations, cooled by jet

Wy blowir

W)
(o]
Vi
e

showed that disregard cf *he asymmetry ol on the radius of
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the disk leads tce & not:ceasble difference between The ceée’lrculated

distributicn of temperature and actual. It folleows from what has been

n

a.< tha+ *te

)

Y N <
1roces

iy

inc of tes* data hag to be civried -2 while
taking into account the local coefficients of heat emission separately

for the radii of the disk r <R and for r >R.

Results of the tests for determining the local values of heat
emission. The characteristics of *he tests which were used for
deterrm_n.n3 the locel values ¢i the coefficients of heat emission on

the radius of a disk 1n the case of jet blowing off are given in the

Tagr.¢€

H "~ " - —_ . .

&‘.. 2 s b RV an yml dR U-R—" ' Re, ujee

. *

8 2:4:8 8; 12,3; 32 207 4.5 74,628 2,56-104+-2,23.108 0,0036--0,965
U 2:4; 8 8; 12,3, 32 170; 207; 243 6,0; 6,17; 12,17 6,0; 6,17; 12,17 2,46-104+-2,175-10% 0,0037-+-0,555
4 48 8:12,3; 32 207 9.0 9,25 2,66-104-+-8,9.10¢ - 0,0039--0,363
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\ . . o .
Ll Tr: results of the tests were processed in criteria of similarity

ad _ G,
Nu u and "Re"“ 0,7852dgp

rﬁ The structure of the criterial dependence was selected similar to

\ equation (1)
Nu=aR¥j[l+b(%%ym], (4)

‘Wb wheve @ .5 % - coeffiz:en*z, just ag ir fcrmule (1), deperding on the
' magnitudes z, 4, R, relative distance of the calorimeter from the
;o' rad.us cf mounzing of thke rozzles y=!R-r)/d for r <R and y={r-R}/d for

000 r>»%R. and thne width of the gap Ss.
)

The local value of the coefficient of heat emission & on the

3%, average racius cf{ the calorimeter r was found from equation
L3

‘ = Nk
A = b (tg — o)’

p where Qk - amount of heat, removed from the calorimeter by means of

ey convection;:; b - width of the calorimeter.

ot The influence of the magnitude of the gap on local heat emission

e in the case of a change ¢of its values from s=d to s=8d (;u=onnw+mun)
1

m

3 ) N 1% WSy
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j:! turned Lut ot be negligible

:

k)

'y . . .

A The nature oI rsrange -n o the local values cf the coefficient of

N

AL

:: heat erission on the radius of a disk can be found conveniently and in
M

* 2 methodically correct manner in a comparison with the coefficient of
iy . . .

5 heat emission on the radius of mounting of the nozzles, i.e., based on

the ratio { &/ K(g)=(Nu/Nug).

i The magnituces of ol and Nup are found by using equation (3).

.
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;, Figure 2. Dependence of Nu/Nug on u/cg for r <R:

.l'
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R—r
-y =925 dw=4, 2:=8, §==8+37 un: e y= R;" -
§005. =8, 1 =4, s =8+ 32 un; I~ y = Rt

=8+ Nan d—ym R:' =925, dmd, 228, 5123 xn

=617, d= 6, 2 =8,

- - -
PO S

' Local values of the coefficients of heat emission for r <R. In
Figure 2 the rat:c Nu/Nugp 1s given as it depends on u/cp for r £R with

different corbinations of z, d, R, r, s, Y. As 1s evident from the

6

-
IINENARERE RNEHE a* dn o et " q' oty :.
R T NN ACR I .’ S “ O " b !8, Tttty :‘\:' ‘.9"1&" 'l"‘t Bt tagh t‘ "-' .'l'

A Y. 8 b '
Lt etelneh, dadnd

0'.;" 1} .o



A

LY DA
D T L SR M
A I ‘l\":.f

1O Ca.lllRheters

radius of mounting of <

that the flow, 1nduced

the periphery that part

center. Consequently o
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With an increase irn the

er:1ssicr.. causes ry the

ftacIiirs comnpensate each
cependc thhe ra-ic ol
@ IZTEe WhLTT. 1S nore re
thar ex.<stec Lr trhe tes

T gonrectior wilcts
n>t inflience hea* emn.:
cone zrat iy arnz

ard the ratio

, ~n€e egverage rad:us of which .s less tharn

the

he nozzles, the rate of rotation of the disk has

inez y the fact

by the rotation of the disk, presses out toward

of the et flow which 1s flowing toward the

n the surface of a disk lower than R there

heat emission, conditioned ty jet blowing off.
rate of rotation there is an increase in heat
roteticr of the disbk. Apparently these two

other and the Nu number virtually does not

L. Ividsrntly this result cannot be extended to
novea fror the radius of mounting of the nozzles
+ i€ i R—r
S deEe BY y= > 12,17
d
ke fzct that for rg¢ R the variable u/cp does

s1cr., the criterial! dependence [(4) is simplified
Nu = a Rel8, (5)
Nu a (6)
NUR 0054208 £

In expressing the test values of Nu/Nup in a dependence on

dege

()
. 1“3’.‘\

0 OOV OO O
ot ashah e
if‘x:‘lta".a“‘t'”10",: vt \:!l.o O

¢+ te establish in semilogar:thmic coordinates

ndence 1s determined by the egquation
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where n - number 0f tes<*s
which the coefficient a w.th

out to be equal tc

a= 0084258 £ ¢=0.18 408,

O R L LML OO '
\a"‘a‘ht‘l‘..'h L 1\ o0 ' A ' "‘:".o".- L XY '.0.‘.1 .v’l.u LN ".! .o'l 1’!.. 5‘ [N

2/Nug and Nun/Nug

{or a fired combination of z, d, R, vy,

(e aVA 2V AT BRI R R R R R R e Vo

on y for

&tio Nu/Nup for each <:srbinaticn cf zZ, d,

from

respect to equations (6) and (7) turned

(8)
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Ficure 4. Deper:dence c¢f the ratio Nu/NUg on y for radii1 which are

)
ful

«
4]

grezter and les r thar the radius cf mount:ng cf the nozzZles:

- Hu/Nup=e~0.18 iy - 0LER. L Nu/Nugp={1-0.064y e~ 0-064y
- locsl valiez of RNu/Nug. cbtained from equation (1) with u/cp=C;
- - - Nu/Nup - accord.rg to equation (4) with u/cg=0.5; z=4; r>»R.

Local values of coefficients of heat emission for r >R. In this
case the ratic Nu/Nug depends on y and u/cp, as a result of which the
coefficients of heat emission are determined rationally in conformity

with equation (4).

Coefficient & was found from tests, in which the influence of

u/c; was neglig:ble (u/cagg). Plotting the test values of Nug/Nup in a

Ll

y

OEINONTNE O N S O D O A A A DA N O O A M R ORI T 0
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deperdencs on y 1 the ser.licgarithmic ccordinates (Figure 3), it can

be estebi.zshed tne. th.s deprendence 1s described by the eguation
£L_ 01T (=08
ug
= ¢ 010 0B
(9)
where Nu'=Nu1“ o
e
The Test values of Nug ‘Mo fcr -ach combirnation of z, d, R, y
were deermined from the express.orn
n
Nll.
Nu
NU.__ 1 R
N ’
Nug n
where o - numrer of tests fcr a given combinat:ion of z, d, R, y and

tur/cg S,

Tlhhe magnitude of coefficirernt Q& when z DR in accordance with

eguat.icns (€E; and (9 1s obtained egqual to

a = 0,0542%.% % e0.18 (4—0.5) (10)
Thus for the case r R - when rotation is present and absent, and
for r >R - when rotation is absent, the profile of the local

coefficients of heat emission turned out to be symmetric relative to R.

10
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e Figure ®. Dependence c¢f zb on (y-0.5): - zb=C.0E (y-0.5)2.45

e {the pcints ccrrespond %o i, averaged from 30-60 tests).

" .
hya Figure 4 shows the ratic Nu/Nup when r{ R and Nug/Nup when r >R
- depsrnilng or y. I* 18 evident from the drawing that a satisfactory
¥
496 agreerent cf the test values 1s attained both with the dependences (8)

' and (9) anc with the cependence obtazined from equation (1) (broken

my, The dependence Nu/Nup according to equation (4) produces a concept
oy abocut the nature of the increase in heat emission from rotation of the

"y disk for the case r>R.
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nz rctation ©f the disk 1n confcormity with eguat:ion (4 the

tezst values -f <Tocefficiert b, taking 1ntc account the -.ncrease of heat

eTiszieor. dus T PO TETION. Wele YT nl tror exprssslon
LI MJ_I
Nu.
()"
Co v
=1 (11)
b 7 ’
where n - number of tests for the fixed combination of z. d, R, Y.

Y

The dependernce cf coefticient b cn the number of no2zles z for

fixed cormbina-ons i d E, ¥y 1s described satisfactorily by equation

~
an—. (12)
2
T follows frer rer: that it 1ls advigsable to conduct further

processing of the test data in the form cf the dependence

2b = I(d. R, y.

It turned out that the variable zb depends only on y=(r-R/d). The
influence of the radius of mounting of nozzles R and their diameter d

on the variable zb could not be established.

Figure 5 gives in logarihtmic coordinates the test dependence of

zk on ‘y-C.5), which 18 aprroximated setisfactorily by the expression

~
.
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A lalk Aok Sall Ralk 2.

2b = 0,05 (y — 0,524, (13

WrneYs tie lornstant crefilclent ent tre ex

method of least squares.

The gereralizing dependence for coefficient b has the form

_ (y_0'5)2.45 ( 4 )
b= 0.5———2—-

E.. the tes" daélta £f0: heat er.ss:cn ¢f a disk, rotating in a
housing %ith et blcwing c¢ff of air, and depending on the number Reg,,
are g.ven in Figure 6, frcm which it s evident that the test points in

bcth r~as

(i}
oW

3

gree with a curve which 1g propcrtional to Reg's.
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