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ABSTRACT

In developing new degipne of steam and gas wrbines, and
when defining their flow part, il is necessary o perform a large
number of various calculations. Among others, these include
also the calculation of heat transfer between working Muid and
blades of stator and rotor cascades (e.g. due to determining the
efficiency of energy conveérsion ie. losses in turbine stage,
efliciency of the cooling systems of cooled stator and rotor
blades, temperature ficlds i.e. state of temperature siresses and
deformations of flow pant elements, etc.). For these calculations
it is necessary to know either the local or the average values of
the convective heal transfer coellicients, depending on the
accuracy of calculations.

In general, the convective heat transfer coefficients can be
determined on  the basis of experimentally obtained
dependencies (comelations), then by analytical methods and at
present by numencal methods as well. At subsonic flow of the
working flusd the system of differential equations which
describes the flow of working fluid in channels between blades
allows separate calculation of real flow in cascade which
provides the ficlds of velocity and pressure round the profile
contour, and then determination of the heat transfer and losses
based on calculation of the thermal and hydraulic boundary
layers. However, even in this simple case of gradiemt flow
around surface the calculation of boundary layer is
sccompanied by a senes of difficulties and complexities. As the
result of the present intensive progress in compuiers and
information technology senes commercial users' soflware for
heat transfer calculation on wrbine blades have been developed.
It needs 1o be mentioned that with the aim of validating the
accuracy of calculation results, these programs also require
cxpenmenial checking. For these reasons the tendency is stll
that in the engineering practice the average convective heat
transfer coefficients are calculated by using simple exponential
cquations obiamned on the basis of expenmental investigabions,
often without checking the possibility of their application in the
individual case. Farticularly, when high accuracy of calculations
is nat a requirement. Concretely, in caleulating heat transfer in
the Mlow part of steam and gas turhines this is indicated by the

Croatia

tendency to use the average value of convective heat transfer
coefficients A,, in calculations, which can be determined by
experimental dependencics of type Nu,,=cRe".

These comelations obtained under different conditions of
experiments with various profiles cascades and in different
ranges of Reynolds number change, are mutually distinguished
by values of factor ¢ and exponent n, so that calculations oftén
mve essentially different values. The differences in values of the
exponent above Reynolds number indicate different lengihs of
the laminar, turbulent and transient boundary layers on the
investigated blades, or the scparation of the flow. Evidently, the
character of the Mussell number dependence 13 first of all
determined by the flow characteristics around profiles. The
vanability of the factor ¢ is caused by selection of characteristic
quantities (dimension, temperamre, velocity of the flow around
profiles). Sometimes, the additional factors are introduced in
comrelations, which estimate the influence on the heat transfer of
the cascade geometry and the flow conditions.

All the mentioned facts complicate practical usage of
numerous  correlations obluined on the basis of single
experiments, and therefore in the work [Guzowié, 1998] they
have been first systematized and then the systematized
correlations have been statigtically analyred. The obtmined
original gencralized statistics correlations allow simpler and
faster determination of the average convective heat transfer
coefficients in  turbo-machinery cascades, with accuracy
acceplable for engineering applications. This paper presents
hath the resuliz of the mentioned systemmatization and the
original generalized statistics comelations.,
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CHARACTERISTICS OF EXPERIMENT AL
INVESTIGATIONS AND SINGLE CORRELATIONS

The average value of convective heat transfer coefficients
around profile contour is determined in a large number of
experimental investigations. The majority of experiments was
carmied out on plane cascades (two-dimensional) which
consisted of 3 1o 7 real or model blades; the heat transfer was
less often investigated on the annular cascades (three-
dimensional) or on the sepments of annular cascades. In
literature therefore, there s a large number of correlations for
calculating average heat transfer coellicients, proposed by
different authors, with calculation results which may differ from
ané anather even by 100%. This can be explained by non-
satisfying of geometnical similanity in investigating profile
cascades, by characteristics of development of boundary layers
on profiles in cascades, by different experimental conditions
(the level of turbulence, the value of lemperature factor, etc.).

The experimenis were performed both with direct (heat
transfer from fluid to profile), and indirect (heat transfer from
profile to Muid) direction of the heat flow. In the former case the
blades are flowed around by hot gases and cooled on the inside
by water or gir; and in the lamer case, the blades are flowed
around by cold air and heated from the inside by steam, electnc
heater or have on the outer surface elecinic heaters in the form
of a band, arranged along the profile contour.

The heat flux on the blade surfaces has been determined cither
on the basis of heater electric power {with electrical heating of
blade), or on the basis of heat change of steam, water or air,
which flow through the channels in the body of the blade thus
heating er cooling it.

The values of heat transfer coefficients are determined
according 1o the difference between the stagnation lemperature
of gas in the channel and the surface temperature at the
comresponding point (in determining local values) or the average
mlen'pmmr: around the profile contour (in determining average

ues).

The temperature of the blade outer surface is measured by
thermacouples, whose hot end is located as close as possible w
the surface. The average temperature of the blade surface is
caleulated as the mean arithmetic from measured values by
thermocouples or is determined by integrating the measured
temperature distribution.

In certain works heat transfer in the blade cascades was
investigated by using the law of “transient regime” of blade
heating, Thiz method allows determination of the average heat
transfer coefticiens during experiment based on the measured
difference of the blade temperature and the fluid flow
lemperature,

The experimental devices were in the majority of cases
developed on the basis of recommendations used also in
investigations of blade cascade acrodymamics {e.g. schemes of
the flow input and output, arrangement of the measuring
seclions, efc.). The lalest investigations of heat transfer are
supplemented by investigations of acrodynamic characteristics
of profiles and cascades,

The experimental investigations wene performed on cascades
which essentially differ from cach other regarding geomeincal
and flow characteristics of profiles (impulse profiles, reaction
profiles, dimensions), by cascode pitch, by angle of flow inlet,
ez, The obtained maximum experimental values of Reynolds
numbers are considerably lower than at the first stages of
modern gas turbines (sometimes by one order of magnitude!).
Therefore, direct usage of corrclations on larger values of
Reynolds number can cause error, whose magnitude depends on
the flow characteristic around profiles in the cascade.

With steam and gas trbines with modest inlet temperatures of
working fluid, the Reynolds number for blades is within the
range from 10° fo 10°, while in gas turbines with high inlet
temperatures it ranges from 7*10% 10 9*10°. The average values
of heat transfer coefficient on profiles change thereby for the
former from 200 to 1200 W/ K f.e. from 3000 10 5000 for the
larter.

Charactenstic  dimensions, welocity and  temperature,
necessary for Nussell and Reynolds number have been selected
differently. It is e.g. the profile chord or the equivalent diameter
of pipe, whose perimeter is equal 1o profile perimeter; then inlet
velocity in cascade or outllet velocity from cascade or their
mean-arithmetic value, etc. The mentioned facts are one of the
causes of different absolute values of the factor ¢ in equation
MNug »=cRe" (ils magnitude changes in the range from 0,05 to
1,1). The exponent of Reynolds number varies in the range from
0,49 to 0,X8, indicating different region of extension of laminar,
transient and turbulent houndary layers on the investigated
blades or the presence of separation of the boundary layer.

Absolute values of the temperature factor g (ratio of wall and
flow temperature) in the experiments changes in the range from
0,65 to 1,25, and according to the results of the majonty of
experiments, it does not show any significant effect on the
average value of Nusselt number (similar 1o the direction of the
heat flux).

There are correlations which indirectly take into account the
effizct on the factor ¢ and exponent & by the flow characteristics:
by introducing the correction factor into the egquation
Mug,,=cRe", which depends on the geometrical characteristics
of the inlet ie. outlet cross-section of the channel between
blades or of the channel between blades and cascade as a whole
{e.g. profile angle deflection, profile thickness, profile pitch,
temperature  factor, Mach number, etc.); sometimes the
comection factor with the exponent of Reynolds number (which
also depends on the inlet and outlel angles of cross-section of
the channel between blades) is also mtroduced in the equation.
These comelations have often resulted from the analysis of
experimental results of a larger number of authors, which
significantly enhances their relinbility. Also, these commelations
can be applied in calculations of various blade types and the
range of their possible application is significantly wider than in
previously described correlations.

The heat transfer cocfficients values on the blade leading
edges of the stationary gas turhines reach 100D to 20040 W-"m‘:K,
and with wrbo-jet engines 6000 to 10000 Win'K. For the
leading edges the experimental daa are generahized by
dependencics of iype MNuy,~cRe,", where the characteristic
dimension and velocity are the diameter of lcading edge and the
flow velocity at inlet cross-section. Comelations proposed by
various authors differ significantly both by the value of
exponent of Reynolds number (0,5 10 0.7) and by the value of
factar ¢ therefore, the values of heatl transfer coefficients
determined by various comrelations differ 70 to B0%. This is
connected with different conditions of flow around investigated
blades, by the level of mrbulence of the flow in front of the
cascade and by boundanies of the leading edge surfoce, on
which averaging (or measurement) of the heat transfer
coefficient has been performed.

Values of heat transfer ceellicients on the trailing edges of
non-cooled hlades of siationary gas turbines and of furbo-jet
engines reach 1000 to 4000 W/m'K. The exisiing experimenial
data on the traling edges are also generalized by dependencies
of wpe Mug,~cRe,", where the characlenstic dimension and
velocity are diameter of trailing edge e the flow velocity at
oulet section. The exponent of Reynolds number in the
ohtained comrelations has values from 0.4 w 093, which is
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related to different conditions of flow around this pan of
profile. Significant influence on the exponent is shown by the
indefiniteness of boundaries of the railing edge surface.

In the hterature existing correlations for calculating the
average convective heat transfer coéfficient on the cylindrical
wall of Nu, .,~cRe" type channel, the value of factor ¢ depends
on the geometrical and flow characieristics of the cascades, and
the exponent o s 0.5 or 0,8 depending on what flow regime
prevails in the boundary layer on the cylindrical wall of
channel: laminar or turbulént.

In the majority of rescarch, primary atlenlion was paid to the
study of influences of the flow charactenistics around profile on
the average heat wransfer in cascade (Revmolds nunsber) and
peometrical characteristics of cascade and profiles. Stricily
speaking, these correlations are valid only for the flow of non-
compressible fluid in the stationary cascades and at lower
values of the heat flux. However, the gas flow in the flow pan
of high temperature cooled gas turbines is characterized by high
velocities (Mach number Ma=0f) ie. by high Reynolds
numbers, which disturb the “smoothness™ of the flow around
profiles (the surface roughness effect occurs) and by high heat
flux which distrh the isothermal flow. At wransfer from the
stationary to the rotational cascodes, the field of centrifugal
forces which causes secondary Nows 15 added to the flow of the
working fluid. The secondary flows stipulate the phenomenon
of Coriolis forces, which further change the Mlow character in
the boundary layer of the rotating cascades. At the same time,
the rotating cascade shows periodical non-stationary flows due
o the edge waces of the upstream cascade and the related
increased trbulence. The work [Gurovié, 1998] from the
available literature presents the inflluence of the incidence angle
at variable working regime, of the flow wrbulence, of the non-
stationary temperature, of the flow compressibility, of the
temperature factor and of the cascade rotation on the heat
transfer, as well as the manner in which they are estimated.

All this complicates the practical usage of the collected
experimental materials and requires strict maiching of the
geometnical and flow charactenstics of the calculated cascade
with those from the experiment on the basis of which the
applied comrelation is oblained.

Therefore, in order to simplify and accelerate determining off
average heal transfer coefficients in engineering application,
first numerous correlations from the available literature have
been systematized, and then single systematized groups have
been statistically analvzed in the work [Guzowié, 1998). The
results of statistical analysis are the original generalized
statistical correlations which replace a greater number of single
cormrelations from literature, with the accuracy acceplable for
enginecring application.

SYSTEMATIZATION OF SINGLE CORRELATIONS
Single correlations from literature used to determine heat
transfer in the blade cascades are systematized in five groups,
and each group is presented in its corresponding table:
1" group: correlations for calculating the average Nusselh
numbers (of the average heat transfer cocfficients) along the
whole profile (Table 1);
2™ group: correlations for calculating the average Musseli
numbers (of the average heat transfer coefficients) along the
whole profile which estimate the influence of the cascade
geometry and of Mow characteristics on factor ¢ and exponent o
{Table 2);

3" group: corelations for caleulating the average Mussell
numbers (of the average heat transfer coefficienis) on the
leading edge of the profile (Table 3);

4* group: comelations for calculating the average Nusseli
numbers {of the average heat transfer coefficients) on the
trailing edge of the profile (Table 4);

g group: correlations for calcolating the average MNusselt
numbers (of the average heat transfer coefficients) on the
cylindrical wall of the channel between blades (Table 3).

The tables also present the characleristic quaniities and the
apphcation ranges of the flow and heat transfer charactenstics
whose appliction is recommended. The work [Gueovié, 1998]
also descnibes in detail expenmenial devices and measurement
techniques and mentions the remaining conditions in carmying
out the experiments which in um provide single comelations.

STATISTICAL ANALYSIS AND ORIGINAL
GEMNERALIZED STATISTICAL CORRELATIONS

Groups of systematized correlations, ie. the results of
calculations of mean Musselt numbers have been statistically
analyzed, and the results are the original gencralized statistical
correlations of type Nu,=cRe".

The statistical analysis is performed by means of a tabular
calculator on a computer (method based on the least square
method and dragging of exponential “wrendline”). The obtained
original generalized statistical correlations which replace a
particular group of the systematized single correlations from the
literature are presented in Table 6 (within brackets, next o
equations are their related corrclation factors). Table & also
presents the characteristic quantities and the ranges of flow
characteristic changes, recommended during their usage.

Due to identical caleulations of Musselt numbers according to
systematized comvelations in single groups, equal values of
geometrical and flow characteristics (e.g. lemperature factor,
Mach number, mrbulence ratio, profile relative deflection, flow
relative deflection, eic.) have been mnserted according 10
circumstances in them. g

Here it should be commented on the characteristic quantities
and selection of physical properties. Some of the correlations in
Table | use as the characteristic dimension the profile chord b,
others the hydraulic diameter D, Somctimes, instcad of the
mean velocity w,, the inlet w, or outlet wy velocity from cascade
is used as the characleristic velocity; similarly, physical
properties are sometimes selected at inlet T, or outlet T
temperature instead of the average temperature (F,+To/2.
Since in the majority of cases as the characteristic dimension
appears the profile chord b, and on the other hand the hydranlic
diameter Dy is in value close to b, it is estimated that various
characteristic dimensions would not significantly influence the
accuracy of the onginal generalized statistical correlations. The
same can be concluded both for the physical properties selected
at inlet and outlel temperatures, in equal number of cases and
for the inlet and outlet velocity as characteristic. Statistically,
their influences will equalize because some give elevated values
and others give lower values compared o the average ones.

The differences in correlations in Table 2 and Table 5 appear
only in the selection of physical properties, and the previous
conclusion is jointly the same. With correlations in Table 3 and
Table 4 there are no differences regarding characteristic
quantities.

Also, the work [Guzovic, 1998] compares the calculation
results oblained by the original general statistical comelations
and by single correlations from literature.
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Table | The single correlations for calculating the average Nusselt numbers (of the average heat transfer cocfficients) along the

whale profile
Characteristics quantities Application ranges
References Correlations T L |w| p |Re*10° | Ma | ¢
(o)
[Jakob, 1960] N, =0118Re" B - T N R : - -
[Yakaob, 19460] le =ﬂ,432-Rﬂw Hl"l - P2 - - - 5 s
[Andrews &Bradley, 1957) o 08 | (TATHVE | & | w | o 0,4-5 0,1- | 04
Nu,,, =0,756Re q = s
[Andrews &Bradley, 1957] = o688 | (T+Ta2: b wi | o 0.4-5 o1- | 09-
Nu,,, =0,169Re T R R
[Srmth, 1948] Nu = 0.045 Reﬂ.'ﬂ' T Dy | W | P 0,8-2 a1 1,25
pav_— 0
[Smith, 1948] Nu_ _ =0565Re™* T b |wi| & 1,54 035 | 08
| ¢
[Smith, 1948] HUF_“ =0,0205 Re®* {T.}TM; b W | A 0.4-2 - 1,2
[Ellenbrack, 1951] Nu =0.053 Raﬂ.ﬂ (TAT2 Dol w | Pe 0.8-1.5 - =
pav ’
[Ainley, 1953] Nu__ = 0.1Re"® (T ATV | B | % | pm | 0715 | 06 | 038
pav » T
[Knabe, 1966] Nu  =0367Re™™ | (tTod2 | Doy | wa | pu | 0207 | 025 | 093
pav ~ i
[Wilson & Pope, 1954) Nu__ =0.15Re™* T2 | & | W | W 1,57 | <0,25 | 1,08
pav ’ e
[Kamozhickiy, 1963 % 0,35 Ti b "W m 04-54 <{),5 2-
smozhickiy. 1963] Nu,,, = 0,65Re w ! F
[Bodunov, 1961] Nllm = ﬂ,ﬂﬁd-ﬁﬂf_‘mn Tu:Th b W | P 1,5-5 <{),5 1,17
[Bodunov, 1961] Nu = ﬂ'm 13 Reﬂ.? Tori Ty b wi | Pm 1-4 <0,5 117
payv
[Diban & Kurosh, 1971] Nu o u}] 2 RED'M (Tt T2 b Wer | P 0,656 =05 113
pav
[Diban & Kurosh, 1968] Nu. =00S07Re®™ | Ttz | & | wa| o 16 <05 | 1,15
NU
[Diban & Kurash, 1968] Na = 0.]28 Re®% (T T2 b Wer | v 0.8-55 <05 | 115
paY 3
[Diban & Kurosh, 1968] Nu,,, = 0,257 Ra% (T, +Ty2 b | we | g | 09415 | <05 | 1,15
pav
[Kapinos & Slitenke, 1968) Nu i ﬂ,] 66 Rﬂu'ﬂ T Dy | W | P 04-11 035 1,2
LAY
[Halls, 1967] NUF“ = 0,235 Re®* . . . . . .
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Table 2 The single correlations for calculating the average Nusselt numbers (of the average heal transfer coefficients) along the
whole profile which estimate the influence of the cascade geometry and of flow charscteristics on factor ¢ and exponent n

Characteristics quantities

Application ranges

References Correlations T L w | p | Re*10 | Ma W
7
[Bamet, 1953] Nu =077 Ra T b Wy Fe 1,08-3,2 0,6 1,2
v ’
[Lozickiy, 1960] Nu = 0,63 Rﬁﬂ'ﬁ T b Wy ™ 0,7-3,75 0,3 0,98
pav »
[Walker & ¥ 0.6 Te: T b W ™~ 27 0,25 1,03
Markland, 1965] Nu,,, =0,235Re ¢ 4
[Shtirlin, 1968] 5. 0,58 o717 Tii Tw ] 1.5-4.4 1,2- 0,65-
Nu,,, =04Re™™ Ma, "I |'A o Ry
=03
[Diban & Nu, =014 Rc“**[ﬁ} T b | w | pn | 26-103 | 045- | 065-
Glushchenko, 1973] 05 1,0 | 093
[Zhirickiy & Lokay, | Nu = 0.14 Re** w,u_s jeae,
1949] i D | we | e | 073 | 05| 12
{=1/D
[Hedge, 1958) Nl.lp‘" = 0,051 Re®™" w 16 T b Wy P 1,5-10 %;:_ 1,0-0,5
Hodge, 1958 -~ ] T, b = 0-2.0 \2- | 1,0-0.5
[Hodge 1 Nup,.., =1,12 Re™*® w-ﬂ-lﬁ W, o |1 1;'8 1
[Ivanov & — 0,68 Ti.T; b Wy - = &
Manushin, 1966] Nup.u- = 0,085Re a
[Traupel, 196E) Nu_. =005Re"” pr"” T bl wm| - : 2
pav !
[Tﬁl.lpﬂ.. |9ﬁ5| Nu — ﬂ' DB RE'D,?! P,r].f! T“ '] Wy & £ -
pav ]
[Jakab, 1960] Nuwv — G,I 0709 REUJ Te Dy W,y - 0,340 -
[Jakob, 1960] N“p,.u - D,ﬂ??jj Rﬁﬂ.'-" f Dy Wy - 0,340 - &
[lmh. 19460 Nup'.\' - {]1457? Reﬂ_ﬂ P!‘ 1A f ﬂq Wy - 0,7-2 -
[Jakob, 1960] Nuw = 313333 R.c“'” Prl:: T Dy Wi = 0.7-2 & i
T
(Kopinos & Knabe, | Nu,, = [““Bﬂs" ] :
19646) =0,022 05T 4T) | Dy | wa § 0,2-7.0 . L
nos & Knabe,
{ﬁ-:;‘]m " ]Irll'}‘- Rt:ﬂ.”.l."“ :
k=sin[y/sin3,
0,328
[Pewrovskaya & Nu,, = (-~— - D,282J o
Petrovskiy, 1971] K Ti Dy | we 0,7-10
*RelTe™ S|
Nu,, =0,206Re S
[Lokay, 1968] ¢ o 5nf Ti b wy | g | 20-150 . 045-
K sin &, 1,0
5 28 E
sin(f, + ﬁ,}mgl-igl
[Kapinos & 0,602 T b w, | pe. | 04-11,0 -
Slitenko, 1981] Nup” =0,1015Re
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Table 3 The single correlations for calculating the average Nussell numbers (of the average heat transfer coefficients) on the leading
edge of the profile

Charactenstics Appheation ranges
quantilics
References Correlations T L|w Re, Ma i N s - F
(/B) (g) |
213
[Titov, 1987) Nu,,, =0,9366"* -[-5"—] . T | Dy | w | 5300 | <045 | 007064 | 2.2%-
B 7, 0 - 18.2%
3;5’“‘1 ““'
*Re}” 11%)
0244
[Titov, 1987) Nu,,, =0,994:" -[i] . Ty | Dy | w | 53%10° [ <045 | 017064 | 22%-
[ L] = . |gm
ma T |
oRetS 3,5%10 ﬂ:]
[Zhishina & Rost, Nlll =1.02 RE:}IS Ti Dy owy - o - E
1979] a »
2,231
[Titov, 1987] Ny, = 1015 ‘(ﬂ] * no| By | w5200 | <07 004- | 0.7%-
e 0,16) 21%
-
- Rc‘i.! 23%10 E'lll;ﬁ‘:'i
D 0338
[Titov, 1987) Nu,,, = ]_53352:155 -(_r] * i 1oy w | 5240 | <071 (0,04 1,7%-
b . 0,16) 2%
5"0° (0,6%
& Rtﬂ.ﬁ g N
] -11%)
[Pachuev, 1975] Nu,, =0,23Re!™ e £ = 3 :
[Shitenke, 1968] Nu,,, =0,138 Ref'“ no|o|wm :;1?:;5 = . e
i = L
Bod 1961 0.5% T [ D[ w | 4510 z - =
[Bodumav, 19611 1 Nu,,, =0,265Re| T il e

Table 4 The single comelations for calculating the average Musselt numbers (of the average heat transfer coeffizients) on the trailing
edge of the profile

Charactenistics quantities Application ranges
References Carrelationz T L W Re, W
] =0.3
[Diban & Glushchenko, | Ny, = 6,15Re®" [L] T D, wy | 1060t | 07
1973] " o
[Diban & Glushchenko, Nu a4 ﬂl 1 E: Reﬂ.l T, D, 'y 10’-'.’6‘1‘]‘ 2,15
1973) ¥ x
03
[Diban & Glushchenke, | Ny, = 0,535 Re®* [,T_'] T Dy wy 10%-1,6%10° 0.7
1973] o e
. T
[Diban & Glushchenko, = 0.3490 Re™ I: Dy Wy 10°-1,6*10° | 2,35
1973) Nu,,, =0,3490Re; - - S 5
[Pochuey & N —0.057 Re™™ ] Wy -1, C
Sheherbakov, 1978] e e 2 ki
[Pochuey & Nu. - 0,051 Re®™ n Dy w, 10-1.6%10° | -
Sheherbakov, 1978] o e : - e
i 0,69 T Wy - =1, -
[Slitenko, 1968] Nu,, = 0,026Re’ 2 2 s s
0,91 T n W, *10r-3* -
[Fadeoay, 1%61) Nu,,, = 0,003Re; : ;

gl [ |y
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Table 5 The single correlations for caleulating the average Nusselt numbers (of the average heal transfer coefficients) on the
cylindrical wall of the channel between blades

Characteristics quantities Application ranges |
References Correlations T L W P Re Ma
[Kapines & Shitenko, Nu,, 1,59 Re™ ol b Wer | P | <33%10° -
1968] :
[Kapinos & Slitenko, N“u.. =0,038 Ra®t T b Wer | Pan =4*10"
1968]
== ) 00T o8

[Sidun, 1964] Nu,, = (“?Dﬂ +0,0145)*7 " Re™ To | 0 | we|pw| tasi0- | -

ﬁ={1su'~ﬂ',—,ﬂ',}:|m 610
oo & Lok | N, = 0031075, ) voRe®® | T | & | %o | Pm | T30 |
[Bodunov & Lokay, Nu =0 ﬂﬁﬂSFn'“ Re®® b War | Pav |.5-m’; -
1974 cav = 25%10

Nu - ﬂ"ﬂ 4 t@.i-‘- w gr-3d l;'.l;
[Marezhniy, 1977) oaid 655, K;™ Re Te b Weo | Poe | 48%10% | 0,15-

K;=1+15_—'Ma-‘ 24°10° | 0355
[Slitenko & Titow, Nu = z?sﬁl.u:?l;l.!:: * r—?-n.?: Re®® T b W | P 0,345 0°-
1985] v T 3,6°10°

Nu,,, = 0,01451'347 0 o 7010 oo,
[Slitenke & Titovy, i i T To b War | P | 1,2°10% .
1985] n=glb 24*10*

Table 6 The original generalized siatistical correlations for calculating the average Nusselt numbers (of the average heat transfer
coelMicients) in the wrbine blade cascades

Characteristics quantilies Applicalion ranges
Location of application Carrelations T L w | pia) Re Ma W &
1) along the whole profile Nur.-ﬂ.IIJ-R-:“ﬂ’; T+ b | we| po | 04%10°% | 0,1.0,0 | 0.5-2 -
(R*=0,8465) o @) | 117108
2
2) atong the whole profile with the
influence of the cascade geometry Hu.?_,.,-ﬁ.l'i‘m Re™ S | 7. | b | wy | po | 0.2410° | D.2-0.8 | 0,65- =
and of flow characteristics on factor | (R'=0,8571) Bor) - 1.2
« and exponent 15*10°
3) at the leading edge of the profile | Nu,=0,2803Re, ", ool w| - 4*10- | <0,71 - 0,7%
(R=0.6%01) 25%00° -21%
4) on the wailing edge of the profile | Nuy=0,0021Re,™ ', i | &y | w - 6 11r- i 0,7- -
(R=0,0515) 1,6%10 235
5) on the cylindrical wall of the Nu_, =00837Re O | 7., | & | w. el | 34100 | 05 - -
channel between blades (R'=0,8848) . 0,55
2410
these ealculations the convective heat transfer coefficients (i.e.
CONCLUSION thermal boundary conditions) wiil detérming by means of the

The onginal generalized stafistical correlations obiained by generalized correlations, what it is the final aim.
generalizing of a larger number of single correlations available
in literaure give, as the comparison shows, the accuracy of
caleulation results which 15 acceplable for engineening
applications. These comelations can be applied in heat transfer

calculations on vanious types of blades. The application scope
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NOMENCLATURE

B - the cascade width;

- the perimeter;

1 - the cascade pitch;

) - the Now (profile) angle;

£~ the wrbulence ratio;

£ - the maximum deflection of the camber line;

SUBSCRIPTS

av - aveTage;
¢ - on the cylindrical surface;
p - on the profile surface;
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