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DARIUSZ P. MIKIELEWICZ1, EUGENIUSZ II{NAToWICZ1

T\rrbulence modelling using various turbulent
prandtl number models2

Tlre present work reports the study where the influence of various tmbulent Prandtl nrmber models
was examined in the light of the models of trrrbulence response to its variation. Two turbu]ence models
have been 6;ęłmined, nameĘ the mixing length model and the Larrnder and Sharrna two-equation low
Reynoldsnumber*-emodel.Therespomeoftubu]encemode]shavebeentestedrrnderfu]lydeveloped
constant property forced convection. Simulations have been compa,red with the Krrrganov-Petukhov and
Dittus". Boelter correlations. The rnain outcorne of the work is that inclmion of variable trrrbulent prarrdtl
number model does not inprove the agreement adrieved earlier [1],
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e - modified rate of dissipation of
turbufence kinetic energy, e = € - D,

eH - eddy diffusivityof heat,
€M - eddy diffusivity of momentrrrn,

R - Karman constmt

pt - trrrbulent dynamic viscosity,
u - kinematic viscosity,
p - density,
Prt - turbulent Prandtl nrurrber,
okl oę- trrrbu]ent Prandtl numbers

for diffusion of k, e.

cp
1JJ

Subscripts

const. property forced convection, źn
WaJl, oo

AbLrreviations

mixing length model,
Launder a.rrd Sharna
low-Reynolds-nurrrber& - e model,

TPN - turbulent Prarrdt], number

1. Introduction

The present study forms an extension of the work carlied out by Mikielewicz at
the University of Manchester, where the author was involved in research leading
to the degree of Doctor of philosophy. The author in his resea ch progr.,mme
there [1] have implemented sevelal different models of turbulence ralging ffom
the early zelo-older ones to the advanced k - € models. He then tested these mo.
dels against extensive range of experimental conditions obtained from literature.
§1 these calcu]ations were, howerrel, done undel assumption of uniform turbu]ent
Prandti numbel (TPN). This led to further investigations of the influence of the
lariation of TPN in the boundary layer flows which are one of the meTits of the
plesent leseaTch glanted by the state scientific committee for Research.

The point in question vras raised in order to find orrt the benefits of using
rariable TPN in the boundaly layer flows. Another approach wouid be to model
directly the velocity-temperature correlations. However, direct modelling of dif-
fusion of heat in two-fimensional flows is rather computationally expensive and
requires solving additional differential equations, Furthermore the TPN distribu-
tion in boundary layer flows in smooth vertical pipes have been to a quite good
extent covered by experimental investigations.In these cases the diffusion of heat
is only in the direction normal to the main flow direction and the use of direct
modelling of temperature correlations looses its usefulness. It must also be borne
in mind that the concept of eddy viscosity is already a gTeat simplification of
:he turbulent flow solution. On the other hand, implementation of TPN model
ilto the solution scheme is relatively simple. It is also of interest how the eddy
";jscosity models would respond to such a refinement. From [1]it is already known
liat the models examined there agree to within 10% with well established em-
n:rical correlations like that due to Kurganov-Petukhov [2] or Dittus-Boelter [3]

inlet bulk conditions,
infinity.

Azer a.rrd Chao TPN model,
Kays arrd Cra.wford TPN rnodel,
Hollingworth et aJ. TPN model,
general fit TPN model.

ML
LS

Ac
Kc
HL
GF
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for constant property fully developed forced convection.
Obviously, there are many other approaches to treat the effects of the varia-

tion of TPN. Most of the early approaches to the problem were inspired by the
observation that experimentally predicted heat transfer coefficient for the flow of
liquid metals compared with that calculated using various empirical correlations
for heat transfer coefficient differed significantly. This led to closer examination
of the influence of TpN on heat transfer results which resulted with some ana-
lytical models, an example of which is the Azer and Chao [8] model. However,
all these models were quite mathematically complex and still were not a good
representation of the nature, Therefore, the main focus in the present work is on
the experimenta,l fits to very recent experimental data on TPN, which shows,its
correct trends. In recent years there have also been endeavours to calculate TPN
directly with the aid of Direct Numerical Simulations. These data are however
scarce and do not covet entire Tange of molecular Prandtl number. It must be
also stressed again that the primary objective of the present work was not esta-
blishing a new mode1 for TPN but testing the models response to the variation
of the TPN across the boundary iayer.

The main goal of the present work is therefore to examine presently acknow-
ledged to be best TPN empirical correlations and test them on the selection of
eddy viscosity models in two-dimensional flows under conditions of fully deve-
loped forced convection with constant properties. Simulated values of Nusselt
number are then compared against the Kurganov-Petukhov empirical correlation
and Dittus-Boelter [3] empirical correlation.

2. Governing equations

The mean flow equations aTe written in the 'boundary layer' approximation
form, which result from considering flow, where there is a clear principa1 flow
direction and all the important variations occul in the direction norma1 to the
flow direction. However, the problem treated here is that of fully developed for-
ced convection, the equations are presented in their fu1l form for the developing
flow and heat transfer as implemented in the code. In order to perform the si-
mulations, the hydrodynamically fully developed profiles of velocity, turbulence
quantities must first be obtained and the fully developed Nusselt number can
then be calcuiated. The governing equations ale of parabolic type and therefore
the finite difference scheme with the marching procedure for solution of the flow
field is implemented. The calculations start with approximate, theoretical initial
profiles and the code is run with developing flow for 100 diameters in order to
ensule that a fully developed fluid flow condition has been reached. The thermal
boundary condition is that of uniform heat flux. In the geometry considered in
the present study, i.e. axisimmetric, vertical pipe flow, the principal flow direction
coincides with the axis of the pipe. Governing eqrrations are therefore written in
the following form in cylindrical coordinates:
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continuity equation
I}(prV) , O(pW) 

_

; a, - --d;- = u,

aW:-,,(T),

(1)

momentum equation

I}(rpVW)_O(pW')__dp,I0l r 0W rl
r 0r + -T = -iź + ;,L,lui - pu'ul)]Ł łl, Q)

energy equation

|}(rpVh) *0(pwh) :Dp, 1 a l 1AOh l
; a, * a, : 

Dt +;ńr(;a; - P''h')], (3)

The form of the energy equation was modified from the form based on tempe-
rature. As it was mentioned above the governing equations are for a developing
flow with variable properties and the present work is a part of a more extensive
plogTamme where the influence of property variation with temperature is also to
be examined and therefore it has been decided to present all equations in their
developing form rather than simplified one. When equations have been derived
it was assumed that the neglected term (rlp(aelar)r) in the temperature ver-
sion of the energy equation can introduce some error into the calculations. This
problem is alleviated in the enthalpy form of the energy equation, where only the
plessule term appears. In the present calculations this term have been neglected.

The eddy diffusivity concept introduces the following definitions:

Now let us define TPN as:

uthl-

Prt

In order to evaluate TPN at any point in the boundary layer from experimental
data it is necessary to measure four quantities: the turbulent shear stress, the
turbulent heat flux, the velocity gradient and the temperature gradient. However,
it is very difficult to measure all these quantities at a single point in the boundary
layer and therefore for a long time these measutements were unreliable and even
now are relatively §calce and result in a large experimental scatter.

The closure problern At this stage we possess information which relates eddy
diffusivity of momentum and heat. To solve the set of governing equations we still
require some means of evaluation of eddy diffusivity of momentum. Some studies
have been performed earlier [1] where a comparison have been done of most

/ ah\_,, 
\u ).

€M

€H

(4)

(5)

(6)



known turbulence models, Therefore, it was decided that present calculations will
be Performe{ }s_ing the mixing length model [a] with Nikuradse distribution of*iTl§ length [5] relevant to pipe flóws. Another'mode1 chosen is due to Launder
and Sharma (tS) [7], a two-equation low-Reynolds number turbulence model, The
latter have been found [1] to behave best oi al1 other two-equation models under
conditions of forced convection in pipes and is quite widely used in a variety oł
flow problems.

In the Ls model the turbulent viscosity p1 is defined by the equation:
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(7)

(9)

Ut: CrJrĘ,

inwhich C,ł= 0,09 "!ł !, - ełp(.- 3.4lGł Re1l50)2), where Ret - k2f u€,is
adamPing function which causes the eddy'viscosiiy oóur'tłr" wall to be reduced.
The equations, which define transport of k and e equations aTe as follows:

k-transport

łw#9 * 
u('Y,r' 

= ,,(#)' * ł*|,(, * #)#] - p(€ + D), (8)

D = { \i|!'r|,,, ur,'r: ;'r,,
e-transport

łW * W = ",it,(T)' * ł*[.(, * *)#]-
_ CnfnĘ *Zppt l02Wrz
-\,2J2 k -r p \arr), (10)

where ok = 1.0, o, =.1.3,, Ct : 1.44, Cz : 1.92, fz : I.0 _ 0.3 ełp (_Re|). e is
the ,rnodified_ dissipation variable to which the spóiial boundary .Óoiitioo '€ : 0
applies. At the wall k : 0.

,. _}F"SJength models use the Prandtl's [4] concept of mixing length hypothesis
(MLH) and express the turbulent viscosity in terms of a mixi"ng lJngth,'/-, and
the mean velocity gradient by:

l": |,p*|TI (11)

various modifications to the original prescription of the mixing length (l* :
\!) have been proposed. In the prósent ,tudy, jh" Nikorudse [s]'mixig tirrgtt
distribution, combined with the Van Driest [6] wall damping funcłión, wasielecied
as being rePresentative of this group of modeis. The Nikuridse distri-bution of the
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mixing length has been carefully adjusted to make it applicable for the pipe flows.
[t reads as follows:

(L2)

It is claimed that this formulation is valid for Re > L05 for fuliy developed
pipe flow. In order to make this formulation work, without introducing the idea
of a separate wall layer, the Van Driest damping term is introduced:

l^ = na[L - erp(*a+ lAr], n = 0.4; A+ = 26.0. (13)

3. Empirical correlations used for comparisons in the study

Simple approximate correlation equations of the Dittus-Boelter type (equation
14) are widely used for calcuiating heat transfer to gases in pipes.

N,u"p*:0.023.Beo,8pro,4. (14)

More complicated correlation equations of wider generality such as the Kur-
ganov-petukhov equations has also been proposed. They have been found to cor-
relate the experimental data to a very satisfactory extent and are therefore now
beginning to be favoured by some researchers. The Kurganov-Petukhov correla-
tion has the feature of being able to describe thermal development and includes a
correction for evaluation of variable property effects in the case of air. The form
of the equation for fully developed constant property forced convection reads:

N'LL.p* :
(l8RePr

n*I2.7fffi(Prz/3_t)

where

Ę = o.rn_ 0 08(, _ #)'- o ou (r _ 
#)^

(15)

900 0.631K = l'U/+ 
Re-- 1+10pr'

( : |t.aztg (*)]-', Reż Laa,

0.3154

The thermal
lation:

(=
Reo.25 

)

development correction, e1, is calculated

Re < I}a.

using the following re-

( i6)Nucp- e1 X Nu.r_
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where

/ 3600 \. 0.48\I + ffi) _o.rr.Q:l+-l-t' 
,xrr--e 

d.

It is claimed that the above equation is applicable for a Reynolds number
range from 4 . ]_03 to 6 . 105 and Prandtl numbór range from 0.ż to 5 . 105 and
that it has an acculacy of better than 4%.It is used here for comparisons with
the model simulations of fully developed constant property forced convection.

4. Various approaches to TPN modelling

The Reynolds analogy The simplest of a1l approaches to treat the turbulent
heat transfer leads to an assumption known as the Reynolds analogy where one
saYs that the eddy diffusivity of heat is exactly the same as that of momentum
leading to TPN:1.0 and:

€M = €H. (17)
The remarkabie thing is that the analogy is very usefu] in theoretical conside-

rations for devising simpie analyticai solutions to theoretical problems and holds
to an appreciable extent for most boundary layer flows. In wide variety of calcu-
lations, howevet, it assumed that the TPN should be corrected and an uniform
value of 0.9 is used. In addition, recently it was found that the uniform value
of TPN which reflects best the experimenta1 behaviour is TPN:0.85. Results of
simulations for TPN:O.B5 and TPN=0.9 are presented along with the other cor-
relations in Table 1 and Tabie 3 for air and water respectively in the constant
property mode.

Azer and Chao's (AC) modet Azer and Chao [8] used a detailed mixing length
model to derive two equations of 'considerable complexity for TPN, oo" Óf th"r"
being for fluids of Prandtl number between 0.6 and 15 and the other for liquid me-
tals (where departures from unity of TPN aTe very significant, molecular Prandtl
number is verY low and of order 0.01). The authors also presented corresponding
simPler approximations to their equations, stating that these gave maximum d,e]
viations from the original equations within I4%. The approximate formula for
fluids of 0.6 < Pr < 15 is as follows:

1.g]-. srJ@/R\ 
.' (Reo.46Pro.58 )1ilw-Prt - (18)

(19)
where

f @lĄ = erpI-@l_,B)o,'u].

Results of simulations for air and water using this model are presented in
Table 1 and Table 3 respectively.
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Kays and Crawford (KC) experimental fft for air The correlation which is based
on experimental data for air was recommended by Kays and Crawford [10]. It
provides a relatively high value of TPN neal the wall but approaches 0.85 as
eyf u and thus y+ increases. It reads as follows:

Prt - (20}

The data used for correlation have been very carefully selected from a veąv
wide experience of the above mentioned authors who have been engaged, between
the others, in convective heat transfer for a very long time and tried to establish
their own models of TPN. Therefore, using this correlation is justified and thought
of being the best to the authors ability and can be well trusted. The results o{
simulations in the case of air are presented in Table 1.

I{ollingsworth et łI. (HL) experimentalfft for water Another comprehensive expe.
riment on establishing the TPN in water was conducted by Hollingsworth [ir]-
Evaluation of TPN utilized equation (6). The authors proposed the following
correlation as a reasonable fit to their data:

Prt- 1+0.855 -tanh|a.z(y+ -7.5}]. (2l!-

This equation in the region away from the wail tends to a value of 0.85. The
results of simulations utilizing above correlation are presented in Table 3.

A general fft (Gr) to experirnental data for all fluids Entire molecular Prandtl
number range was approximated by Kays [9] to form a reasonably simple formulae
for TPN which is as follows:

Prt - 2.alPe1+ 0.B5, Pet - (epl /u)Pr. (22)

The simulations were performed for the cases of air and water and presented
in Table 1 and Table 3 respectively.

5. Results of simulations for constant property flows of air

Let's first consider the results of simulations of simple constant property case
of air flow in a smooth vertical pipe. Computed values of Nusselt number are
quoted in Table 1.

As can be noticed there are quite significant fifierences between computed
values of Nusselt number and those calculated using empirical correlations for
Pr : 0,7. In order to gain a better picture of the fifferences between various
calculations, a table containing percentage fifierences between calculated values
of Nusselt number and Kurganov-Petukhov have been produced. A discussion is

0.5882 * a.228(e 11lu) _ a.aaal@yIv)2
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Table ]". Results of simulations of constant property forced convection of air.
d : 0.a2 m, z f d- 100, Tm : 20oC

Model TPN Reynolds number
4000 10000 20000 30000 40000

Mt

0.85

0.90

AC
KC
GF

16.883 31.783 $.aI2 71.993 89.665
16.376 30.701 51.072 69.264 86.139
18.593 34.585 56.756 76.203 94.089
16.007 30.201 50.511 68.70B 85,674
13.163 25.238 42.797 58.654 73.516

LS

0.85

0.90

AC
KC
GF

14.390 30.008 51.883 71,574 90.020
14.136 29.04I 50.056 68.949 86.633
15.580 32.41,3 55.311 75.532 94.240
L3.297 27.855 48.477 67.138 84.677
I1.527 24.I90 42.460 59.106 74.802

Kurganov & Petukhov 14.234 30.289 52.044 77.777 BB.862
Dittus & Boelter 15.233 31.705 55.202 76.353 96.772

extened to include the discrepancies with the Dittus-Boelter correlation and the
results of calculations using the uniform TPN=0.9 The way in which discrepancies
were calculated is shown below:

Dźff =
N1I"oI"- N,ll"o,

(23)
N,ttr"o*

Comparison with Kurganov-Petukhov correlation At the first glance it is apparent
that the best consistency is achieved when a uniform value of TPN=0.85 is used.
The simulations agree to within 5% of Kurganov- Petukhov (KP) values. Slightly
worse agreement fot Re: 4000 is because the KP correlations looses its validity
in this transition region. The Kays and Crawford (I{C) fit aiso produces very
reasonable agreement for this fluid but discrepancy reaches -8%. The Azer and
Chao's (AC) model overpredicts the heat transfer coefi.cient by a similar margin.
The general fit (GF) produces values of unacceptable accuracy. The margin of
discrepancy is similar for two modeis considered.

ComparisonwithDittus-Boeltercorrelation Dittus-Boeltercorrelationis still wi-
deĘ used, however, it is not appropriate for this sort of comparisons. It has a
margln of enot, compared with experimenta1 data, of about 20%. The resu]ts foL-
low the pattern described above. Discrepancies are shifted down compared with
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Table 2. Discrepancies between simulated values of Nusselt number and those
calculated using Kurganov-Petukhov correlation in the case of air

Model TPN Discrepancy [%]
4000 10000 20000 30000 40000

ML

0.85

0.90

AC
KC
GF

18.6 4.9 1.9 I.2 0.9
15.0 L.4 -1.g -2.7 -3.1
30.6 14.2 9.1 7.1 5.9
L2.5 -0.3 -2.9 -3.5 -3.6
-7.5 *16.7 -17.8 -IT.6 -I7.3

LS

0.85

0.90

AC
KC
GF

1.1 0.9 0.3 0.6 1.3

-0.7 -4.1 -3.8 -3.1 -ż.5
9.5 7.a 6.3 6.1 6.1

-6.6 -8.0 -6.9 -D. / -4.T
-19.0 -2a.I _18.4 -17.0 -15.8

Table 1 because the values calcu]ated using DB correlation are generally higher
than KP values.

comparison with data simulated at TpN:o.9 This comparison meant to show
the reader what are the relative differences in usilrg a particular TPN model
compared against commonly used values of TPN:0--9- Fiom Table 2 it is seen
that by using TPN:0.85 we obtain approximately 3.5% shift up of heat transfer
coefrcient. This applies to both turbulence models considered. In the case of AC
model, the shift is bigger and reaches l1%. The KC experimental fit results differ
in the Nusselt number by about 3%. The worst picture is produced by the GF
fit.

6. Results of simulations for constant property case of water

Now let's consider results for a higher molecular Prandtl number i.e. for water
(P, - 7). These ałe presented in Table 3 below.

Similarly as in the case of air table of discrepancies have been produced,
where a comparison of calculated values of Nusselt number is comparód against
KP correlation.

Comparison with Kurganov-Petukhov correlation In the case of water, the discre.
pancies in heat transfer coefficient are much more pronounced. Only TPN:0.85
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Table 3. Results of simulations of constant property forced convection of water
d,:a.O2m,zf d - 100,Ta:20oC

Mode1 TPN Reynolds number
4000 10000 20000 30000 40000

Mt

0.85

0.90

AC
HL
GF

41.006 85.005 151.07 272.35 27a,75
40.175 83,279 147.88 207.77 264.82
52.260 103.70 178.06 245.29 308.36
34.48B 73.456 131.13 I7g.72 229.46
34.301 71.625 I27.91 180.26 230.24

LS

0.85

0.90

AC
HL
GF

28.629 69.257 I29.52 185.92 240.07
28.207 68.091 I27.20 I82.49 235.49
33.940 80.665 I47.43 208.57 266.47
26.040 61.688 114.86 164.72 212,57
24.930 60.I52 II2.66 i61.99 209.36

Kurganov & Petukhov 38.89B 83.961 150.16 271.24 269.33
Dittus & Boelter 38.018 79.130 737.77 190.56 239.88

Table 4. Discrepancies between simulated values of Nusselt number and those
calculated using Kurganov-Petukhov correlation in the case of water

Model TPN Discrepancy [%]

4000 10000 20000 30000 40000

Mt

0.85

0.90

AC
Ht
GF

5.4 1.2 0.6 0.5 0.5
3.2 0.8 -1.5 1.6 -I.7

34.4 23.5 18.6 16.1 14,5
-11.3 -12.5 -I2.6 -14.9 -14.8
-11.8 -L4.7 -14.8 -I4.7 -I4.5

tS

0.85

0.90

AC
Ht
GF

-26,4 -1,7.5 -13.7 -I2.0 -10.9
-27.5 -18.9 -15.3 -13.6 -72.6
-12.7 -3.9 -1.8 -1.3 - 1.1
_33.1 -26.5 -23,5 -22.0 -21.1

-35.9 -2B,4 -25.0 -23.3 -22.3
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and TPN=0.9 simuiations in the case of ML mode1 agree closely. Again re-
sults obtained at TPN=O.B5 show better agreement than those calculated using
TPN:0.9. For the same TPN models, the LS model underpredicts Nusselt num-
ber by about 15%. The striking results are produced when using the AC TPN
model. In the case of the ML model, the results are oveTpledicted by aboń 2a%.
Howevet, the situation is different, when the LS model is used. In this case the
agreement is very close. The HL and GF correlations of TPN reflect poor agre-
ement as results are underpredicted by at least 2a% in both cases.

Comparison with Dittus-Boelter correlation In the case of water, the results of
heat transfer coefficient calculated using DB correlation are generally lower than
those calculated using the KP correlation. Therefore similar remarks as above
apply but discrepancies aTe slightly higher.

Comparison with data calculated using TPN=0.9 Introduction of non-uniform
TPN into calculations results in big discrepancies between simulations utilizing
a uniform TPN and a non-uniform TPN. The differences ale as large as about
20% in the case of AC model and 10% in the case of HL and GF. This has
probably to do with t;he poor description of the turbulence models in the near
rr-a1l region. In the case of water, the thermal layer is considerably thinner than
the hydrodynamic layr;r. Therefore, any error in calculation of eddy diffusivity of
momentum bears evert mole ellor into calculation of thermal layer. This is not
such a problem in air flow as molecular Prandtl number is about 0.7 and hence
those two layers are of comparable thickness.

7. Conclusions

In the present work a selection of five turbulent Prandtl number concepts
have been tested on two models of turbulence name}y mixing length model and
Launder and Sharma two-equation model. Calculations lrave been performed for
trr-o different molecular Prandtl numbers of 0,7 and 7, which correspond to air
and water respectively. The best agreement for al1 calculations has been achie-
r-ed when a uniform value of TPN:0.85 was used. This is a slight refinement of
rr-idely used value of 0.9. Other TPN models are more suitable for specific range
of conditions which is apparent from tables presented earlier. These models are:
the Azer and Chao (water) and Kays and Crawford (air). Various TPN concepts
describe the distribution of TPN quite we1l for this rather simple case namely for-
ced convection with constant properties. Using more complex TPN models than
uniform value ones (i. e. TPN=0.85) are not suitable for the kind of calculations
performed here and are computationally more expensive. However, a great deal of
eforts have been recently concentrated on a correct description of the turbulence
characteristics in the wall regions in turbulence models, this is stiil insufficient



Turbulence modelling using various turbulent Prandtl number models 153

with regard to calculate correctly the thermal fieid. Turbulence in forced conyec-
tion with constant properties is pretty well recognised and investigated. In more
complex case, whete buoyancy forces are playing an important role and the effects
of property appeal, it is difficult to judge whether non-uniform TPN models will
behave better and which one will be the best. This requires further computa-
tional work and the intention of the authors is to find out clarified picture how
turbulence models will responds under all such conditions.

Manuscript received in January 1995

Revised version: October 1995

References

[1] Mikielewicz D. P.: Comparatiue studies of turbulence models under conditions
of mired, conuect,ion uith uariable properties in heated uertical pipes, Ph. D.
Thesis, University of Manchester, 1994.

[2] Kurganov V. A. & Petukhov B. S.: Analysi,s and processing of heat transfer
data in turbulent gas pipe fl,ows with uari,able physical properties, Teplofizika
Vysokhich Temperatur, 72(197 4),

[3] Dittus F. W. & Boelter M. K.: Heat Lransfer in automobile rad,iaLors oJ the
tubular type,University of California, Publ. in Engineering, 2(1930), No 13.

[4] Prandtl L,.: iber die ausgebild,ete Turbulenz,,ZAMM,5(1925), 136-139.

[5] Nikuradse J.; Gesetzmassigheit der turbulenten Strómung in glatten Rohren,
Forschg. Arb. Ing. -\Mes., No. 356, 1932.

[6] Van Driest tr. R.: Turbulent boundary layer in compressible fi,uid,s, J. Aero.
Science, 18(1951), 22-54.

[7] Launder B. E. & Sharma B. L: Application of the energu d,issźpation mod,el
of turbulence to the calculation of fiow neaT a spinning dźsc,Lett. Heat Mass
Transfer, I(197 4), 131- 138.

[B] Azer N. Z, k Chao B. T.: A mechanism of turbulent heat transfer in liquid
metals,Int. J. Heat Mass Transfer, 1(1960), 121-138.

[9] Kays W. M.: Turbulent Prandtl number - where are we?, Trans. ASME,
116(1994), 284-295.

[10] Kays W. M. & Crawford W. D.: Conuect,iue heat and mass transfer, Third
Edition, McGraw-Hill, 1993.



L54 D. P. Mikielewicz, E. Ihnatowicz

[11] Hoilingsworth D. K., Kays W. M. & Moffat R. J.: Measurement and pre-
diction af the turbulent thermal boundarg layer in water on fl,at and concaue
surf aces 1 Report No. HMT-4 1, Thermos ciences Division, St anford University,
1989.

Modelowanie konwekcji wymuszonej przy lżyciu różnych modeli
turbulentnej liczby Prandtla

streszczenie

w niniej52ęj pracy porówna.rro odpowiedzi dwóch różnyc}t modeli tubulencji, a mia.rrowicie modelu
drogi nieszania Prandtla oraz modelu k - e Laundera i Sharmy, w warunkach zmienności turbu]ent-
nej lic,zby prarrdtla. przeanalizowano te odpowiedzi w warunkach stałych własnosci termofizyczrrych
płynu w peł-i rozwiniętym przepływie turbulentnym, Obliczone liczby Nusselta porównano z korela-
cjami (6gaooVa-Petukhova oraz Dittusa-Boeltera. Z pracy wynika, że zastosowa,nie takich modeli nie
poprawia drastycznie odpowiedzi modeli turbulencji na obliczenia konwekcji wymuszonej przy stałych
własnościach.


