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Abstract-An effect is considered of a cylindrical tube rotation relative to its axis on distribution of the 
averaged velocity, temperature as well as tensor components of the Reynolds stresses, pulsation heat 
Ruxes and RMS value of temperature fluctuations in an incompressible flow through a tube under forced 
motion conditions. Investigation is carried out by numerical solution of the system of non-linear differential 

equations. Discussion of the obtained results is presented. 

NOMENCLATURE 

v, 
= - , averaged velocity ; 

c. 

averaged velocity on the tube axis; 
velo$ty pulsation; 
dynamic velocity; 

(Uiuj> 
= z, tensor components of the Reynolds 

Y. 

stresses ; 

Kronecker symbol; 

= \iE = J[idR,~+Rn+Rdj: 
L/u, turbulence scale; 
tube radius; 
Reynolds number for mean mass velocity; 

= 2, Reynolds number for dynamic 
v 

velocity: 
Prandtl number; 

T,-T 
= - relative temperature ; 

T. ’ 

wall temperature; 

= -!L, q,, heat flux through a wall: 
pc,c. 

(uir) 
= -, t, temperature ~uctua~on; 

C. T. 

<rZ> =----, 
T.2 

THE QUALITATIVE considerations are known [I] con- 
cerning a stabilizing effect of centrifugal forces on tur- 
bulence. Proceeding from the equations for dynamic 
statistical characteristics in non-diffusional approxi- 
mation (contribution of viscous diffusion, turbulent 
diffusion and pressure diffusion being neglected) and 
employing the Prandtl-Nikuradze mixing length as a 
turbulence scale. Levin [2] has derived approximate 

rormulas to predict turbulent friction and pulsation 
energy components for a fully developed and steady- 
state flow in a rotating tube. The main consideration 
has been given to investiga~on of the flow rotation 
effect on the critical Reynolds number. Levin’s calcu- 
lations have revealed that rotation decreases turbulent 
friction and due to thk tendency to laminarization at 
an increasing rotation Reynolds number, R, = wa’/v, 

the averaged velocity profile becomes less continuous. 
With non-isotherm flow rotation, one may expect 
transformation of the temperature profile and, there- 
fore, of pulsation heat fluxes and of mean square tem- 
perature fluctuations. This is the very problem which 
will be treated in more detail in the present paper (with 
the diffusion terms in second moment equations taken 
into account). 

At a sufficient distance from the tube inlet the aver- 
aged statistical flow characteristics (except pressure) 
vary only over a radius. A system of equations for the 
averaged velocity and tensor components of the 
Reynolds stresses in a cylindrical system of coordinates 
takes the form 

R2 d 1 ? 
-++!(RZ~-R~))+drRx = -F-$ 

R? r 
(1) 

. , 

1143 



I I44 0. G. MARTYUENKO. I. A. V.~TLTI> and I. V. 5.~uov.1 

RdL’ K 1 
22 --iK,- 

RI2 

dr 1 
R,2+-~1 -- 

R. 1’ 

K K3 
K, -j- (R33 

~1 RN 
-~K2)+~c-+-- 

1 R. 1’ 

-Bl 5 
[( 1 

+4R23 + = 0; (7) 
. 

I = 0.14-0.08rr-0.06r4. (11) 

When closing this system for correlations, involving 
pressure pulsations and velocity pulsation derivatives, 
as well as for dissipative functions the approximations 
suggested by Rotta [3] are used 

where k, = 0.96; c = 0.18: cl = 5rrN 

The functions. charactcrizlng turbulent d)Kuslon 01 
the Reynolds stresses and diffusion due to pressure pul- 

sations. are approximated according to Donaldson [A] : 

f 

(15) 

where B , = 1.6 and B2 = 0.12 are the constants deter- 
mined from the correlation which is of best fit for the 

predicted functions and the experimental data of 

Comte-Bellot [5] for a fully developed turbulent flow 
case in a pIane channel. It should be borne in mind 
that in equations (141 and 415) summation over k IS 

not expected in the multiplier ,, (ui>. 
Equations (I)-( 11) are solved at the following bound- 

ary conditions 

Ll,=, = RI,],=, = 0: 

$cj = i’ Rii’ 
‘,=o dr j,zo 

=o 

For each nonlinear differential equation the quasi- 
linearization method [6] and then the finite-difference 
procedure are employed. From the experimental data 
the desired functions are known to vary smoothly near 

the channel axis and possess a sharp maximum near 
the wall. In this connection. the entire range of inte- 
gration is divided into 6 parts 

0 Q .vI < 0.5; 0.5 < r’r < 0.6: 0.6 < y3 ,< 0.7: 

0.7 C .I’4 < 0.8; 0.8 < L’s < 0.9; 0.9 < )‘6 d 1; 

and each of these intervals in their turn is subdivided 

into n equal portions with a different step h, for each 
integration interval. For the first interval. h, = 0.025. 
For the remainder, a smaller step is chosen according 

to the geometric progression with a denominator of 
I/2. i.eh ,,, = hr&m-l. Further step refinement makes 
no sense since the results for the present step and the 

double-sized one do not differ more than by IO-*. The 

system of algebraic equations is solved by the elim- 
ination method [7]. So. calculations proceed as follows: 
employing initial approximations for the unknown 

functions solution is obtained by the Gauss-Seidel 
method. As initial approximations. the function 
cos. n;‘Z -r is used which satisfies the boundary con- 
ditions I 161. Iterations are performed till the condition 

IL- I -f.i -=z E with L = 10-6-10-8 is fulfilled. The com- 
putation time of one run on the electronic computer 
“M-220” is 3-5 min. 

With the known distribution of dynamic statistical 
characteristics over the tube cross-section, the averaged 
temperature, pulsation heat fluxes and mean square 
temperature fluctuations are predicted provided the 
heat flux through 3 H all IS constant and a consideration 
is made of the region where i;T!?z = const. The 
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appropriate equations are of the form 
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describing turbulent diffusion of second monent and 
diffusion due to pressure pulsations, the following 
approximations are suggested 

(17) 

d@ 1 

- & f $ H’LJ - 1.6 $ 
* ( ../Wd $ R,t ! 

-0.12~i(tZ)Ki$R,)-2%R,,,=O; (18) 

d@ 1 dW 
R12- 

dr 
-~R1~+R,--- 

s 
Urdr 

dr + 0.48 JfPr)K $f 

0 

--- 

= 0; (19) 

R23 

dQ 1 
~+-i-- 

s 

RI,c0.48j(Pr)K~ 

Urdr 
0 

+2+R fl=O; (20) 
* 

2 
2Re,$+? 

s 
Urdr 

R.,+$c$$ 
* 

0 

When closing this system for correlations, invol~ng 
pressure pulsations and temperature fluctuation deriva- 
tives, as well as for dissipative functions, the 
Kolovandin approximations are used [8] 

(23) 

(24) 

where 

8”’ = 0.48,/(Pr); y’f = n; y\ = *nPr; y’ x 0.1485Pr1,3. 

By analog with (14) and (IS), for the functions 

where the coefficients B‘$ = 1.6. Byi’ = 0.12, B’( = 1 are 
determined numerically from the best correlation 
between the predicted functions and experimental data 
of Ibragimov et al. [9], Tanimoto et al. [lo]. 

Equations (17)-(21) are solved at the boundary 
wn~tions 

O/,=1 = R,,,I,=, = RnlrzI = 0; 

t/,., = fR,,,irzo = %R”i.., = 0. (28) 

The method of solution and computation algor- 
ithm are similar to those given above for the dynamic 
characteristics. 
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FIG. 1. An effect of turbulent diffusion on normal stress dis- 
tribution at R. = 5535 (1. prediction, RI,; 2, prediction, 
RzZ = R33. ---. B1 = & = 0: 0. experiment Rll; 0, 

experiment [5] R22, 0, experiment [S] R& 

FIG. 2. Contribution of turbulent diffusion to distribution 
of longitudinal pulsation heat fluxes (-, prediction at 
Br # 0 and B2 # 0; -.-, prediction at 81 = B2 = 0. A, 

experiment [9] R,,,, = 32000). 
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FIG. 3. An effect of turbulent diffusion on temperature Auc- 
tuation distribution (1, prediction at R. = 103: 2, prediction 
at R, = 10’ and B; = & = 0: 3, prediction at R. = 2828; 

0. experiment [lO],R. = IO'). 

FIG. 4. Contribution of rotation to distribution of transverse 
velocity pulsations (R. = 103; 2, R, = 5 x 103; 1. R, = 0; 

3, R, = lo*). 

06- 

1. 
0 

04 - 

oz- 

0’ I I 
a4 06 08 10 12 14 

79 
U”... 

FIG. 5. Contribution of rotation to distribution of longi- 
tudinal velocity pulsations at R, = IO3 (1. R, = 0; 2. R, = 

5 x 103; 3, R, = 104). 

FIG. 6. Contribution of rotation to distribution of longi- 
tudinal pulsation heat fluxes at R. = lo3 (1, R, = 0: 2. 

R,=5x103:3,R,=104). 
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FIG. 7. An effect of rotation on distribution of temperature 
fluctuations in a tube section at R. = lo3 (1, R, = 0: 2. 

R, = 5 x 103: 3. R, = lo?. 

FIG. 8. Distribution of tangential friction in a tube section 
at R. = lo3 and different Reynolds numbers for rotation 

(1,R,=0;2.R,=5x103;3,R,=10J~. 

The analysis of numerical results reveals that the 
profiles of averaged velocity and temperature become 
less continuous with increase in the rotation Reynolds 
number, and this change is the more, the less is R. as 
compared to R,. Correlation R23 equals zero like to 
the case when rotation is not taken into consideration. 
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R, = 0 from which it follows that with neglect of dif- 
fusion terms (Bl = Bz = R: = Ri = B: = B\ = 0) the 
values of these functions in the central channel section 
are markedly underestimated. It was to be expected 
from the measurement results of Laufer [ 1 I] on balance 
of the pulsation energy equation according to which 
the turbulent diffusion and pressure diffusion do not 
balance each other in this region. The functions RI1, 

R12, R3s. R., and R,, (Figs. 4-7) increase in a central 
region and diminish at a wall with R,, growth. Maxima 
of these functions displace closer to the tube axis with 
R,, increase. Correlation Rlz. characterizing turbulent 
friction, decreases practically over the entire flow with 
R,, growth (Fig. 8). A transverse pulsation heat flux 
slightly increases in the tube centre and decreases near 
the wall as far as R, grows. Functions RI 3 and R,, 

at R, =,O are equal to zero and appreciably increase 
with R,. In this case the maxima displace closer to 
the wall (Figs. 9-10). 

FIG. 9. Contribution of rotation to correlation Rls (---, 
R. = 103; -. R. = 2828; 1, R,. = 5 x 103; 2, R, = 104). 
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DISTRIBUTION DES CARACTERISTIQUES STATISTIQUES DYNAMIQUES 
ET THERMIQUES DANS DES ECOULEMENTS TURBULENTS INCOMPRESSIBLES 

ET NON-ISOTHERMES A L’INTERIEUR D’UN TUBE CIRCULAIRE EN 
ROTATION AUTOUR DE SON AXE 

R&urn&-On considtre dans 1’Ccoulement forcC incompressible B l’intirieur d’un tube. l’efiet de la rotation 
du tube cylindrique autour de son axe. sur les distributions de vitesse et de tempkrature moyennes 
aussi bien que sur les composantes des tensions de Reynolds. des flux de chaleur turbulents et sur la 
valeur quadratique moyenne des fluctuations de temptrature. L’tttude est effect&e par resolution 
numirique du systeme d’equations non-lintaires aux d&iv&s partielles. On prbente une discussion des 

resultats obtenus. 
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DIE VERTEILUNG DYNAMISCHER UND TH~RM~SCHER STATISTISCHER 
KENNGR~SSEN FUR TURBULENTE. NIGHT-ISOTHERME. INKO~tPRESSIBLE 

STR~MUNG~N IN ZYLINDRrSCHEN. UM IHRE ACHSE ROTIERENDEN ROHREN 

Zusammenfassung-Fir erzwungene, inkompressibie Striimungen in einem Rohr wird der Einflui3 einer 
Rotation urn die Rohrachse auf die Verteilung der mittleren Geschwindigkeit und Temperatur sowie 
auf die Tensorkomponenten der Reynolds-Spannungen. die Wlrmestromschwankungen und die Wurzel 
aus dem Mittelwert des Qutidrats der Temperaturschwankungen untersucht. Die Untersuchung wird mit 
Hilfe einer numerischen LGsung eines Systems nichtlinearer Differentialgleichungen durchgefiihrt. Die 

Erpbnisse werden diskutiert. 

PACI-fPEAEnEHME AMHAMWlECKMX H TEfIJ-IOBbIX CTATMCTMYECKMX 
XAPAKTEPMCTMK B TY PEYJIEHTHbIX HEM30TEPMMYECKMX l-IOTOKAX 

HE~~MAEMO~ XMAKOCTM BO BPA~~4E~C~ OTHOCMTEJIbHO 
CO~BE~HO~ OCM 4~~~H~P~~ECKO~ TPYEE 

ARiroTaws - PaccbiaTpmtaerca tmnzimie 5pa~eH~~ unnMHApn~ecK0~ -rpy6b1 OTH~~TeRbHO co6 

CTB~HHO& 0cH Ha pacnpeAeAeHHe 0cpcAH2HH~x 3iiaueHnR CK~~OCTH, TekinepaTypbf, a Tasice KIM- 
tIOHeHT lWi3Opa ~~HOJlbXCOBblX Hi%lfNDKeHH#, IlyAbCaUWOHWbiX TeIlAOBblX I7OTOKOB H C~AlieKBa- 

ApeTH~HOrO3Ha~eHH*nynbcaUHRTeMfiepaTypbI 6 BblHyXCAetIHOM IIOTOKe HeCXWMaeMO ibi0iAKOCTH 

repe3 ~pyiiy. MccnenoeaHtte npoeonHnocb nyrem wxewforo pelueflm cHcTeh4bl HenmeRHbrx A@- 

f$epemwanbHux ypaaHeHif8. ~~HBOAHTC~ o&y*Aeme nonyseHHblx pe3ynbTaToe. 


