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DARIUSZ P. TVIIKIELEWICZ1

Modelling of a buoyancy-irrfluenced flow of supercritical pressure
lrelium in a lreated vertical pipe2

The work reports the resrrlts of the nmerica.l simulations of the experiments performed on buoym-
cy-influenced ascending and descending llow of supercritical pressure helium in a heated vertica] tube
using the Launcłer and Sharma lołv-Reynolds nr_rnber ł - e tru.bulence model. The response of the turbu_
lence model hro been forrnd to be remarkably satisfactory rrnder such severe conditions, However, the mo-
del is still not reliable enough to be i,ecommended for the adecluate mocłelling of the buoymcy-influenced
flows.

Nomenclature

B - buoyancy pararneter,
Grf Re3,425 lPro,8,

cp specific heat capacity
at constanrt presslrre,

Cl,Cz- consta,nts in modelled
dissipation equation,

- comtant in constitrrtive equation
of eddy viscosity model,

- tem in low-Reynolds-nmber,
k-equation, pipe diarneter,

- tem in low-Reynolds-number
- firnction in dissipation equation,
- function in constitutive equation

ofł-emodel,
- acceleration due to gravity,
- Grmhof nmber, |3gD4qll2 l^/p2,
- enthalpy,

tmbulence kinetic energy,

Nusselt number, s-D /(T- - To)),
pressure,
Prmdtl number-, Cpp/),
wall heat flux,
cylindrical polar coordinates,
Reynolds number, pWtD / p,
tubulence Reynolds nlslnber, k2 f uc,
time,
mean velocity in r., a directions,
non-dimensional distance
from the rvall,
modified rate of dissipation of
tmbulence kinetic energy, Z = ę - D,
thermal conductivity,
dynanric viscosity,
kinematic viscosity,
density,
tllrbrr]ent prmdtl number,
turbulent prandtl number for diffusion
of k, e.
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b_ bulk,
turbuIerrt,

Subscripts

1x - waII.

Abbler,.iations

LS - Lanrnder and Sharma lorv-Reynolds ft - e rnodel [2],

1. Introduction

In view of t]re complexity of the phenomenon of turbulence, its analysis and

modelling plesent great difficulties. In Tecent years, there has been a gTeat con-
centTation of effort in irrdustry on computational modelling of problems involving
turbulent fluid flow and lleat transI'er, usually using codes of considerable versati-
lity. It is som,etimes mistalienly assumecl that the turbrrlence models incorporated
in srrclr codes possess fiIore universality tharr is tlre case ancl tlris can lead to irr-
correct usage of the codes alrd wlong conclusions beirrg drawn from the results
obtainecl. Particularly supercritica1 lreat transfer- numerical simulations demand
superior linowledge of the turbulence model which is to be used. Therefore the
role of throughout validation of the turbulence model based on empirical data is

decisive in justification of a particular turbulence model.
Supercritica] lreat transf'e.r has received muclr attention in recerrt years arrd

there a,re several reviełv articles [1-5] regarding the phenomena involved there.

Tlre main problem in supelcritical heat transfer has always been perceived in the
large ploperty variations wlrich occuT neal tlre critical point. Moreover, the effect

of buovarrcy forces, particulariy in upflorv in larger tubes, lra,s been recogrrized anC

iilentifiecl as t,he cause of tlre sharp deteriorations in lreat transfer encounterei
uncler these corrrlitions, Most of the papers dealt with tlre case of supercritica,
plessule carbon clioxide and \Ma,tel,, Iess a,ttention being paid to otlrer supercri-
tica1 pressure flrrids. On one hand this corrlcl probably be attributed to the laci;

of accurate thermal property data,, which is still not reliable errough for accurat*
numerica1 modelling.

In the buoyancy-aided heat transfer, l,Leating of a thin layer of fluid near tht
pipe wall callses it to become buoyant. In such case this helps to overcome th'.

shear force exerted by tlre wa1l on the fluid. As a result, the shear stress exPerien-

ced by the fltrid outsid,e the buoyant layer is lower than it otherwise would be anc
tlre production of turbulence is reduced. The flow thus takes the characteristic.
of tńe florv corresponcling to a lower flow rate having lower turbulence level. Th"
gleatel tlre brroyartcy inflrren,ce, the more the turbulerrce is redrrced. A stage :-

Ór,errtualiy reaclred wh,ere the force on the buoyarrt fluid is sufflcient to comPletel',
overcome tlre wall slrear. As a result, the core fluid does rrot experience any shea:

t-nder such conclitions tlre turbulence procluction will be switclred off complete,',
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ancl the flor,v calr then be saicl to lrałe become laminarised. Further increase of
buoyarrcy leacls to exerting the pressure in tlre opposite directiorr oil tlre core fluid.
This readily leads to recoveły of turbtrlence production. With frrrther increase of
buoyancy influence, turbrilence becornes rrrote incI:easecl. Ihe nodiflcation of the
turbulence properties of tlre florv r,vitlr builcl-up of buoyancy influerrce lras a direct
bearing orr tlre effectiveness of lreat transfer. Thus, with progressive increase of bu-
oyancy influence, tlre lreat transl'er coefficierrt for- uprvarcl flow in a lreated vertical
tube firstly becomes irrrpaired, then falls to a minimum rvlren tlre laminarisation
stage is r-ea,checl arrd subsequently recovel,s, eventua1l.y becoming enhanced. Tn
clescending flow the effect of buoyancy is irr the opposite sense. As a result the
turbrrience is increa,secl and the florv progressively taiies tlre characteristics of tlre
one corresponding to lrighel flolv rates. Consecluently, tlre heat transfer becomes
progressirrely enhancecl.

The author has allezldy embarlied on the patlr fol search,ing a trrriversal trrr-
bulence model whicli rł,ould be applicable to tlre cases of buoyancy influenced
flows in vertical heatecl pipes [6]. Fronr tlrat worlr it hacl been concluded that the
Launder arrci Sharma ł - e turbulence nociel [7] r,vas tlre best of twelve otlrer
turbulence models LLsecl in rnoclelling of buoyancy influenced flows. Hence, tlre
author deciclecl to test this mode1 unclel, conclitions of brłoyancy-influenced flow of
supercritical pTessule heliunr in 1reatec1 vertica,l pipes. Tlie experimental data re-
ported by Brassirrgton ancl Cairrrs [8] lras beelr selectecl for va]jclation of tlre model
as the behaviour of tlłe LS rrroclel lras never been tested under such conclitions.
The clata uncler corrsideration lrere contain tlre experiments of buoyancy-aicled
and btoyancy-opposecl 1reat transfer in a, irezr,ted vertical pipe. A particular fe-
a,ture of the data is tlrat even thouglr tlre vłr,lrtes of t}re Reynolds nurnber wete
irigh (fie > 90000), nrost results \Mele strongly buoyancy influenced. At pressu-
res above tlre critica] value, the therrnophysical properties of lrelium vary rapiclly
rvith temperature (ancl pressrrre, but to a lesser extent). Therefore, very signi-
flcant variations of physicł1,l properties wele present across the thermal layer. It
was expected that variable property effects coulcl even play more signiflcant role
than the lluoyancy- influences because thermoplrysical ploperties of supercritical
plessule helirLnr vary vely significantly in the considered regiol,.

It is intenclecl to test tlre abilit5, the ł - e turbrrlence model due to Launder
and Sharma to predict the flołv of supelclitical pressure helium in a vertical pipe
witlr the account of tlre very strong variation of physical properties. The problem
is axisymmetric and parabol.ic. This approaclr lras already proved to be successfu,l
in tire simulations of buoyancy-inflrrenced rva]i sirear florvs of atmospheric ples-
sure air in the papels of Cotton arrcl Jaclison [9.10], w]rere the turbulence modei
of Launder ancl Sharma [7] rvas itsed to simulate experimerrtal data [11-13]. Jack-
solr ancl Mikielewicz [14-16] pelformeci sorne compalatjve studies of turbulence
rnodels on tlre experimelrtal clata for air [rZ] ancl tłratet, [18] as a round-off of the
work [6] , where several k - e turbulence models 1rave been implemented in tlre
computer cocle CONVtrRT. Tlre code lł,as originally clevelopecl by Cotton [19]
and later modiflecl by Yu [20] to include the effects of property variations. Mi]iie-
lewicz |2r-ż2] hłr,s furtlrer exterrded the coc],e to irrclrtde tlre number of turbulence
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models. He also testecl some other moclels on data frorn [17-18]. From all these
works it appearecl that only the LS moclel seemec1 to be capable to deal with the
effects of buoyancy influence, brrt was strongly ovel-Iesponding to the effects of
property variation. Knorł,ing these advantages and disadvantages of the LS model
the author warrted to test it on a cryogenic fluici suclr as srrpelcritical helium. This
irrvolves sevele clrarrges in therrnal properties and it will be interesting to see how
the mode1 whicir is knolvrr to over-responcl to tlre effect of plopelty variation wi11

behave in tlre case of tlris fluid.

Z. Governing equations

The E;eometry considereci here is the pipe flor,v and lrence tlre governing eclu-

ations are written in the 'boundary layer' approximation. Tlre principa1 flow di-
rection coinci,des with the axis of tlre pipe ancl tlre main gradients act in the
direction normal to the axis. Tlre thermal botrndary conditiorr of tlre second kind
lras been considered lrere, i.e. hlu = const. The governing equations read as fo1-

lows;
corrtinuity equatiorr

lnomentum eqrlation

(1)
l 0(pr!l) , O(pIĄ/)__.=_ r -_-_- :0,r t)r dz

I7(rpVW) _a(pw') __dp l a l awl
l. dr -*-b_:-ń+;ul,,(r+rt) *]+es. (2)

energy equal,ioll

lr\(p|'h) 
*O(pl,Vti) =!0 l"(^ _r 0r , ,-_ -;ńL'\ą*

After [23] tlre turbulent Prandtl ntrmber have been as
0.85.

Ł) qŁl 
(3)o,) ar]'

signed a uniform value of

3. Turbulence models

In orcler to solve the above equatiorrs the concept of turbulent viscosity is
emploved. Irr the case of tlre k - e mociels the velocity scale is represented by the
squale root of tlre turbulence kinetic enelgy k arrd the tu,rbrrience length scale is
tłie product of its rate of dissipation e(= k3lz 1e). Ill Jow-Reyrroids-number models,
urlrich are consiclered 1rere, the transport ecluations are soirrecl over the entire flow
domain without Tecoulse to wa,11 firnctiorrs. In the case of tlre k - e m-odel, the
constitrrtive equatiorr for tire turbrrlent viscosity reads as 1bllorvs:

Pr:Cu.frĘ
€

(4)
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The equations, lvlriclr deflne transport of k arrd e equations are as follows:
ł-transport

I 0|prV k) , O|plx'k) ( aW \' l 0 l /;-'0, * -'* : ,,\ u ) + ;ń L,, (, *

e-transport

#)#]- pGł D), (5)

:r!#9 * WY : c,,i,, (T' * +*[, (, - 9 #]-

n , pLZ , 2l.rl"r, (a'W\'
-1,2J2k* , \ałr)

(6)

Tlre model consicleled here lras the form that when f , ald f2 arc set to udty,
and terms D and E are set to zero, the standard high-Reynolds version of tlre
k - e model is letrieved.'Iables 1 and 2 present details of functions and constants
irrcorporatecl in tlre k - e mode1 used.

Table 1. Damping functions and model terms used in the model

Table 2. N{odel constants

The boundary conditions usecl in the solution of tlre k and e equations are: k : 0
and e- : g,

4. Results

Local lreat transfer m€asulements were obtained using a uniformly heated
17.Bmm bore HT9 aluminium alloy drarvn tube of wall thickness of 1.6mm. The
test section lrad an urrheated errtry lerrgth ot 24 diameters rvlriclr was followed

Moclel f, Jp D E

LS 1.0 - 0.3 exp(-.l?ei) exp
', (#)' ,* ,2

4* a+ >2

2ppł
p GF)'

Model Cp C'1 C., ok Cć

LS 0.09 L.44 1.92 1.0 1.3
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by a heated length of 55 diameters. As tire ałrthors of the data say, fol various
Ieasons mainly concernecl rł,ith irvoidirrg excessive boil-off fi,om the helium bath
it was not possible to rnairrtairr constant test-section inlet conclitions. Hence the
r-esults consisted of hrrndrecls of wall temperatrrre profiles taken at fairly random
values of inlet tenrperature, plessu.-e, flow rate ancl lrcat input. Data were collec-
ted for Reynolds numbers in t}re range from g0000 to 700000 alrd the buoyancy
parametel B (B:80000Gr-/.Be3,425f Pro,8), rvlriclr was introduced by Hall an^cl

Jackson [28] ancl Jac]isoIr ancL Hall [29], in tlre ralge from g.0,10-9 to 9,9,10-6.
As mentioned earlier, tlie conditions described lrere involve significant pro-

pertv variations. The tlrermoplrysical properties of supercritical plessure lrelirrm
have been talren frorn tlre tabulated cla,ta by 1trlcClarty [2a] arrd were both tempe-
rature and pressure depenclent. Tlre tables of clerrsity, dyrramic viscosity, thermal
condrrctivity ancl specific lreat were subsequerrtly lncorporated into the code. Irr

orcler to calcula,te a particular thermoplrysical property, a two-dimensional (tem-
perature artcl pressure) bicubic spiine was calculated a,t eacłr proflle point. Tlris
1ed to very exterrsive corrrputing time. On average, tlre run pertbrmed took about
60 hours on tlre SPARC2O Slllitr rnaclrine (rvlriclr is orr avelage four times faster
than the PC486/66DX2.

The tlrerrnal resistance of t.lre lł,all layel rł,ill in tiris case be modified drre to
the varia,tion of thermal con,dtctivity anc1 Prandtl nrrmber. Firstly, the increase in
thermal conclrictivity irr tire wali layel rvith irrcrease of temperatrrre wi11 cause the
tlrermal resistarrce of tlre viscous sub-layer to decrea,se. Another important effect
arises because of the varia,tion of the Prandtl number (wlrich declea,ses with tem-
perature). This ivill decrease tlre turbulent corrductivity (= kPr f o1sLlf pL,) and this
rvill increase the efitctir.e tlric]incss of tire wall layer (an opposite effect). These
effects will cornbirre rvitlr tlre eflect of viscosity increase in near-wail damping,
which is knowlt from [6] to be vastly overestirrra,ted by tlre LS rnodel to cause it
to over-pledict tlre łre:lt transl'er coefficient.

4.L. Ascenclirlg flow sirnulatiorrs

For tire plll,pose of the preserit report a represerrtative sampie of three upflow
runs lrave been selectecl as a subset of data reported in [8] . The rrrns are of a
similar Revnolcis nurrr,ber wlriclr raltgeclfrom 91000 to 96000. The inlet łruoyancy
parameter rangecl frolrr 7.3.10-6 to 9.9.10-6. These pa,rarneters corresporrd to tlre
conditions beyond the maximum impairrnent of 1reat transfer. Tlre experimental
data lrave }rcen presentecl on tlre basis of the dcveloprrrent of tlre wail tempetature
(not in run 3) and heat transfer coefflcient. Figs. 1 to 6 present the respective
IunS.

From_ the f,gures we can see tlrat tlre LS rnodel responds strongly to the in-
fluences of buoyancy and variable properties. Tlre w.ai1 terłperature distribution
calculated by the mode1 does not closely l,eproclrrce the experimenta1 one but the
general behaviour is cluite sa,tisfactor1.. ll]]re rvall temperatru:e peak and subsequ-
ent trou,gir (arr indication of partial larninarisatiorr ancl the start of recovery of
heat transfer respectivelv) botlr itl the experiment and sim,rrla,tiołrs are coinciding
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but their magnitudes are different. The simulated peaks are flatter and extencl
for over 10 diameters whereas in experiment tlrese are a clear sharp peaks. Some
of that rather irregular behaviour in tlre LS rłroclel simulations can probably be
attributed to the Prandtl nrrmber variation effects irr the walllayeł (augmentation
of the effective thiclrness of the thermal layer).

In [6] it had been found tlrat the LS model is rather very sensitive to tlre
physical property variations. When we focus our attention on tire development of
the heat transfer coefficient (see Figs. 2,4 and 6) some of the observed behaviour
can be devoted to tiris fact. After the partial lantinarisation of tlre flow the heat
transfer Tecovels to reach some maximum (common for experinrent and simu-
lation). Then 1ater, the lreat transfer coefficient starts to deteriorate at a some
small rate. This behaviour is reveąled by the experimental data and numerical
simulation, but in the case of the preclictions it deteriolates at much faster rate.
In all experiments a clear maximum forms after about 20 diameters depending
on the buoyancy parameter. It is rather easy to explain why the maximum oc-
cur at the same location as in all these ca,ses the buoyancy parameter takes a
similar value at this point. The lreat transfer coefficient then deteriorates in the
case of the numerical experiment. Such a belraviour lras also been fourrd earlier
in the case of other fllrids at normal conditiorrs simulatecl by the author in [6].
This phenomenon lvas named as a secondar-y laminarisation. It was thought that
the deterioration of tlre heat transfer coefficient arises b5, the virtue of property
effects. The discrepancy between the experiment ancl numerical simulation is in-
creasing with the increase of the wa1l-to-b,Lrllr tempelature difference. In the case
of run 2 (Figs. 3 and 4), there is a formation of a second maximtrm after about
45 diameters. This is the case for the simulatiorr only as in tlre experiment the
heat transfer coefficient reduces steadily. The autlror suspects that a similar me-
chanism to that when tlre maximum of heat transfer is reached is also involved
in this case. The secondary laminarisation by virtue of property variation has
already been developing and at tlris stage tlre recovering turbulence production
(damped by the secondary laminarisation) starts to ovelcome the reduction of
the heat transfer coefficient by means of variable property effects. This is only
possible because the wall-to-bulli temperattrre clifference is biggest in the case of
this run and the secondary laminarisątion is more severe.

In order to dissect the anatonly of tlre flow some rac-lial proflles have been
generated of the Reynolds stress, turbulence liinetic enelgy and the dissipation of
kinetic enelgy at differerrt axia1 locatiorrs. Tlrese are presentecl in Figs. 7 to 10.

In Figs. 7 and B, we call observe the changes of the Reynolds stress at various
longitudinal positions. In [6], it has been fbuncl that in the case of the LS model
the turbulence productiorr ceased in tlie near wall region rvhen the conditions of
partial laminarisation of tlre flow lrad been encorrntered. This was reflected by
the disappealance of tlre Reynolds stress treat the rvall. T}re subsequent recovery
could not take place as witlrin the flow there was rrot enough turbulence to help
the Reynolds stress lecovely. Tlre sliglrtly differerrt pattern of tlre Reynolds stress
modifications holds lrere. Tlre Reynolcls stress clisappeals very close to the wall
prior to reaching iamirrarisatiorr position (Fig.8, zf D = 5), but starting there
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it slroots off and pealłs very close to the wall. It is probably why the extent to
which the heat transfer lecovely obserrred is so large. The similar pattern was
found in earlier worl's by tlie author [6] in the case of the Chien low-Reynolds
number k - e turbulence nodel. on the otlrer hand the core values of the stress
tend flrst towards rnore and more negative vaiues (lnt1l zlD:20, where lowest
value of the Reynolds stless occur) and then start to recuperate towards positive
values, That is where the recovery of lreat transfer starts to take place.

The distribrrtions of the turbulence kinetic enelgy are presented in Fig. 9. The
highest value of tlre turbulence i<inetic eneTgy ł occurs at the minimum of the
heat transfer coefficient , i.e. z f D : 20. Then tlre turbulence kinetic energy start
to reduce.

The distributions of tlre clissipation of turbulence kinetic enelgy shows up in
Fig. 10 as a vely sharp pealr in very close vicinity of tlre wall, within a+ < 15,
which corresponds to yf R < 0.003 in Fig. 10. Again it peaks at zf D =2a.

4.Z. Descerrding flow sirnulations

The restrlts of simulations of descending florv are shown in Figs. 11 to 16. The
Reynolds number langes from 115000 to 710000. Tlre buoyancy parameter takes
values from 9.0.10-9 to 4.3,10-6. The first conclition corresponds to the condition
of virtually forcecl convection with no buoyancy influence. It is not surprising as
the Reynolcls number in this case is very higlr (Re : 710000). Two remaining
ones contain more signilicant buoyancy influences.

Figs. 11, 13 and 15 present the distributions of the wall temperature. 1Me
do not have experimental data {or these cases, tlrerefore we can say no mole
than the observation that the wal1 temperatute distributions ale conforming to
the pattern found in [6] and that tlrere ate l}o any srrrprising discontinuities and
non-unilbrmities.

Wlren we focus our a,ttention to the Figs. 12, 14, and 16 r,vith the heat transfer
coefficient tlistlibrrtions we flnd that tlre moclel generaiiy reveals weli the experi-
mental trencls. In Fig. 12, wlrere tlre wall-to-bulli temperature difference is smal-
lest tlre best agreement between the experiment and simuiation is achieved. That
allows to say tlrat rł,hen the influences of variable ploperties are sma11 and the
influences of buoyancy are negligible t}re rnodei predicts vely acculately the heat
transfer coefflcient for very lrigh Reynolcls nLtmbers. The agreement is less good
if the wall-to-bulk temperature irrcreases and tlre buoyancy influence becomes
more marked, Tlrat is apparerrt if we bear in rrrirrd tlrat the LS model is prone to
over-preclict the effects of property variatioIrs. They are clifficult to quantify due
to the laclr of relevant data here. łVithirr tlre calculational sclreme, tlre heat trans-
fer coefficient is calculated from the ustral rlefinition of the Nusselt number and
lrence, the tlrermal property whiclr triggers the iłfltrences of property variations
to become preserrt is the tlrermal corrductivity (/z : Nu.klrł,).In Figs. 14 and
16 lłe can observe some non-uniformity in tlre experirrrentai clistribution of the
}reat trarrsfer coefficient. This is confirned by tlre rnodel orr]y in Fig. 16 but only
qualitatively, This is the interaction betrveen the thermai clevelopment of the flow
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and the builc1 up of buoyancy influence. It mrrst be noted that it occuls tlrrite well
into the derreloprtlerrt of tlre flow. Tlre sinrila.r bclrłr,viołlr r,vas fbu,ncl in tire case
of water and air [6], but tlrese were occurling much earlier downstl,earn tlre pipe.
The discrepancy betweerr tlre experirrlental and rrumerica] values (up to 25To) is
mainly due to tlre variable property effects wlriclr as it rvas already mentioned tire
LS model is particularly prorre to.

5. Conclusions

The direct colrrpa,r-isons betrveen srrpercritical l]Iesstlle helirrm data and si-
mulations reportecl lrere leprescnt a, p:tltic:ula,r,]_v rrselui contribrrtiorr tołvards tlre
understanding of tlre mechanisnis irrrrolverl irr nixed convectiorr heat transfer arrd
tlre performance of tlre LS turbrrlerrce rrrodel. This is lleca,rłse tlre simulations are
for mrrch higlrer Reynolds nrrrtrllers t]r,arr irave been lritlrerto sttrdied (.R" > 91000).
In earlier works tire rnechanisms of the mocle1 perforrnance lrave been investigated
rrnder moderate a,lrcl srrLall Reyrrolcls numbers. Tlre LS turbuience mode1 responds
to tlre influences of buoyancy vely stlolrgly but the picture is clouded by the pre-
sence of tlre variable property effects. Under srrclr conditiorrs the model workecl on
the basis of switclring off trrrbulence prodtlctiorr irr tłle near wall region. Tlrerefore
the laminarisation of tlre fl.ow was taking place at a riglrt stage of tire flow de-
velopment but subsequ,ent recovery of 1reat transfer cou]c1 not take place because
tlrere was not enouglr ttllbrrlence left within tire near ił,iłll region of tlre flow. |[ire
present conclitions are muclr clifferent, Tlre rrrodel lvithstands the challenge of snclr
testing at tliese very demancling conclitions and therefbre its valiclation range has
been furtircr extencled to inclucle srrpercritical pressure lreliurn. In ternrs of genera1
behaviour, tlrere is no clear ciependerrce of the results on Reynolds number or bullr
inlet tempera,ttue or otller parameter as plessule etc, Tlre observecl eff'ects are due
fundamentally to tlre influences o1'buoya,n6y a,ticl clrange systematically lvith the
brroyancy pźIlameter. Variable property effects are certainly present arrd in cer-
tain cases arc significant, but tlrev are ciifficult to cluantify. The LS low-Reynolds
rrumber lc - e model exanrin_ecl 1rere js capable of orrer-resporrding to va,riations
of kinematic viscosity [6] . It is therefore plone to erroll u,h,en used in situatiorrs
wlrere property variations are signiflcan1,.

In general, the calcr.r]a,tions perforrrred 1rere are by rto trreans full ancl itr order
to better investigate tLubulence under suclr conditions sorne 1ultlrer refinements
to the solution sclreme are leqrrirec1 along ri,itlr improvement of computing facili-
ties in, order to generate more evicl,ence lbr ftirtlrcr discussion.

In downrvard florv, the gerreral trencl of errhancement of ireat transfer due to btr-
oyancy is reploducecl by the model. }Iorvever. tlre calcuiatecl relative lreat transfer
could be misleading due to the lirrritations of the moclel irr terrns of over-prediction
of the variable property eilects.
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Modelowanie przepływu helu w warunkach ciśnień ponadkrytycznych
w zakresie konwekcji mieszanej w pionowej rurze z grzaniern

streszczenie

W niniejszej pracy przedstawiono wynilii bezpośred_rriclr porólvnair symulacji nmerycznych, przy

uźyciu modelrr turbulencji Laundera i Sharmy z glupy k - t, z danl,mi eksperymentalrrymi dotyczą-

cymi przeplywu rv ramaclr konwekcji mieszanej łlelu rv rvanurkach ciśnień ponadkrytycnych, w grzanej

pionowej rurze, Syrrrulacje przeproivaclzone były przy urvzg-lędnieniu zmiemości rvłasności frzycznych

p}ynu. Otrzymane w wyniku obliczer'r reztrltaty przeprowadzonycir za pomocą rozważanych modeli były

satysfakcjorrujące, aczltolrviek baclania mocłelowe przepły*órv rv takich wmunkach są nadal wska,zme.


