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Abstract-The average heat transfer coefftcient of a surface can be increased by adding turbulence pro- 
moters. Use of such devices produces a non-uniform distribution of heat transfer coefftcient over the surface. 
Consequently factors affecting the ease with which heat can reach the areas of high heat transfer coefficient 
will affect the distribution of surface temperature; examples are the thickness and thermal conductivity of 
the material forming the surface and the method of heat input. Using a computer program to solve the heat 
conduction equation the magnitude of these effects has been assessed for some surfaces having transverse 
ribs. The results show that the performance of geometrically identical surfaces, as judged by, say, the peak 
surface temperature, may differ significantly. The implication is that such factors must be taken into 
account when, for example, experimental data obtained for a ribbed surface on a thick walled aluminium 
can are used to predict the peak surface temperature in a reactor of a geometrically similar surface on a 

thin walled can made of stainless steel. 

NOMENCLATURE 

c, Cjor cjR/ro, Z/r,), increase of the can to 
coolant temperature difference rela- 
tive to that for a surface of infinite 
thermal conductivity, equation (9); 

e, rib height [ml; 
f or f(R, Z), distribution of heat transfer 

coefficient; 
F, denotes an unknown function; 
h h, base value of heat transfer co- 

efficient distribution [W/m’ “C] ; 
h exp 3 apparent experimental value of heat 

transfer coefficient, equations (10) 
and (14) [W/m’ “Cl; 

h BY) average heat transfer coefficient for 
a surface, equation (1) [W/m’“C] ; 

h 
P’ 

definition of average heat transfer 
coefficient used in practice, equa- 
tion (2) [W/m* “C] ; 

k, 

n, 

PV 

= 1 denotes input of heat by con- 
duction; 
=2 denotes input of heat by elec- 
trical generation; 
thermal conductivity of the can 
wall material [W/m “C] ; 
normal to the surface; 
rib pitch, equal to 7e in the cal- 
culations [m] ; 

P(m), m = 1,2,. . .5, parameters in the cor- 
relations; 

Pr, Prandtl number; 

4, heat flux, defined by equation (15) 
[W/m*] ; 

Qj, total heat input per unit length of the 
can by method j [W/m’] ; 

li? inner radius of can wall [m] ; 

rol outer, or rib root radius, of can wall 

[ml; 
4 coordinate [m] ; 
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Re, Reynolds number ; 

s(R, zh heat generation rate per unit volume 

W/m31 ; 
S&T, experimental value of Stanton 

number, equation (11); 
St,, Stanton number based on h, ; 
t=r,-ri, can wall thickness [m]; 

T, temperature PC] ; 

Tb, bulk coolant temperature LX] ; 
T exp 9 wall temperature at mid point 

between ribs in experiment c”C] ; 
Tj or Tj (R, Z), temperature at (R,Z) for Qj 

[“Cl; 
T 
u:’ 

average wall temperature c”C] ; 
= e/r, ; 

K = r. h,lk; 

W, width of rib, equal to e in the cal- 
culations [m] ; 

X, = r. he&; 
Y, = t/e; 

Z, coordinate [m] ; 

G value of ATj for a material of infinite 
thermal conductivity [“Cl; 

ATj, defined by equation (5) [“Cl. 

INTRODUCTION 

THE IMPROVEMENT in heat transfer performance 
obtained by adding transverse ribs of square 
cross section to a smooth cylindrical surface has 
led to the consideration of such ribbed surfaces 
for use in Advance Gas Cooled Reactors. A wide 
variety of ribbed surfaces has been studied 
experimentally, e.g. Wilkie [l], so that the opti- 
mum rib configuration may be determined. 
However, different experimental techniques have 
been used, e.g. Wilkie [l] and White [2], and in 
some cases significantly different results have 
been obtained for geometrically similar surfaces. 
The experimental techniques commonly used 
are to manufacture the heat transfer surface 
either from stainless steel and heat it by the 
passage of an electric current, or from aluminium 
and input the heat by conduction to the inner 
surface. In the reactor the surface would be made 
from stainless steel and the heat input by con- 

duction and radiation from the nuclear fuel. The 
possibility that the different experimental tech- 
niques might account for the apparent variations 
in performance led to the series of calculations 
presented in this paper. The implications for 
predicting peak surface temperature in a reactor 
from experimental data are also discussed. 

DESCRIPTION OF MODEL 

The heat transfer surfaces considered are 
formed by adding transverse ribs of square cross 
section to a smooth circular cylinder. The flow 
of coolant is along the cylinder so that (R, 8, Z) 
cylindrical polar coordinates are appropriate 
and the problem is independent of 6. The rib 
height, width and pitch are denoted by e, w and p 
respectively. Attention is restricted to the par- 
ticular values p/e = 7.0 and w/e = 1.0 which are 
rele\;ant to the AGR. The outer radius, inner 
radius and thickness of the cylinder are denoted 
by rO, ri and t respectively. Typical values for 
e, w, p and r. are O-28, O-28, 2.03 and 7.62 mm 
respectively. 

The distribution of heat transfer coefficient 
over a ribbed surface has been estimated by 
Kattchee and Mackewicz [3] using a mass 
transfer technique; it may be written h, . f(R, Z) 
where h, is a base value of the distribution and 
f(R, Z) is a dimensionless shape function. The 
base value h, used by Kattchee and Mackewicz 
is the heat transfer coefficient of the smooth 
surface. It was selected by them because the 
surface studied had both smooth and ribbed 
sections so the level of the local ribbed surface 
heat transfer coefficient relative to the smooth 
value for the same coolant flow rate was immedi- 
ately available. However, this link with the 
smooth surface is only an incidental feature of 
the calculations. 

The distribution f(R, Z) has no features, such 
as symmetry about some plane Z = constant, 
which lead to an obvious choice of surface 
length in the calculations. Since some limit must 
be introduced a distance equal to two rib pitches 
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--K Jr/Jn = n,. f (~,a. (r, (R,z) -r,) 

lw=e I 
I I 

p=7e 
+I Flow of 

S C 0 if heat generated in wall 
S = 0 If heat input by conduction 

dr/dR = 0 If heat generated in wall (j-2) 

p=7e 2p = 14e 

Z 

FIG. 1. Model used for the heat conduction calculations. 

is considered, Fig. 1, and the, possibly incorrect, The HEATRAN computer program, Collier 
boundary condition aT/aZ = 0 applied when [4], can be used to solve the heat conduction 
Z = 0 and Z = 2p = 14e. The importance of problems presented in Fig. 1 for different dis- 
this assumption will be discussed later. The tributions of the volume generation of heat, 
boundary condition at R = ri will be aT/aR = 0 s(R, Z), in the can wall and ribs. The program 
if heat is generated in the can wall and ribs, but requires a subdivision into triangles of the area 
will be non-zero if the input of heat is by con- in which heat conduction takes place. Figure 2 
duction. shows a typical distribution of nodal points and 

Number of 

R I I I 
0 le 2e 38 4e 5e 6e 7e=D 

FIG. 2. Typical distribution of nodes and associated triangles. 
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connections used in the caIculations. If, for 
example, the value of ri = rO - 2e is under 
consideration then the nodes having R < r. - 2e 
would not be used. The computer program 
requires a constant heat transfer coefficient 
on any side of a triangle forming part of the 
boundary. To meet this requireplent the heat 
transfer coefficient distribution measured by 
Kattchee and Mackewin [3] has been simpli- 
fied to that shown in Fig. 3. 

de~nition of average heat transfer coefticient 
given by equation (1) is not the one most 
commonly used. In practice the surface area of 
the ribs is ignored when calculating fda and 
the area under the rib at the rib root radius, rO, 
included. Thus the average used in practice, h,, 
is given by 

h, = j h, . f(R, 2) da/2nr,p (2) 
rib pitch 

= h,,( 1 + e[2r, + w + e]/r,p). (3) 

Boundary condition number 

5-o - 
Direction of flow 

c 

I I I I I 1 I 1 1 

0 le 2e 3e 4e 5s 6e 7e 6.9 

Distance along surface from midpoint between two ribs 

FIG. 3. Distribution of ribbed surface heat transfer coefficient. 

The average heat transfer coeflicient, h,,, can For the particular surfaces under consideration 

be calculated from w = e and p = 7e giving 

h,, = j h,. fR .QW j da (1) 
rib pitch rib pitch 

where da is an element of surface area. This is 
also the heat transfer coefficient which a surface 
made of inlinite conducting material will appear 
to have, no matter where the temperature is 
measured, because all parts of the surface will 
be at the same temperature. However, the 

h, = h,,(l f 5 + 2e/7r,). (4) 

The values of h, and h,, vary slightly with e/r, 
over the range of interest as shown in Table 1. 

When the input of heat is solely by conduction 
to the inner surface of a can the volume genera- 
tion of heat in the can wall and ribs, s(R, Z), will 
be zero. However, when the can is heated by 
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Table 1 

e - 
IO 

h -.!c h P 
h, h, 

0.020 2.302 2.913 

0.035 2.305 2.987 

0.050 2.309 3.002 

0.065 2,312 3.016 

passing an electric current through it s(R, 2) will 
be non-zero and also non-uniform. The equa- 
tions of heat conduction and electrical conduc- 
tion are identical so the HEATRAN program can 
be used to solve the electrical conduction problem 
first and from the distribution of electrical 
potential the variations in heat generation for 
the heat conduction calculation may be deter- 
mined. In the electrical conduction calculations 
a given potential drop per rib pitch is assumed. 
Thus the boundary conditions are T = 0 when 
2 = 0, T = 100 (say) when 2 = 2p, and i3T/ih = 
0 over ribbed surface and when R = ri. An 
example of the distribution of heat generation 
obtained is given in Fig. 4; the numbers show 
the ratio of the local volume generation of heat 
relative to that which would arise if the ribs were 
not present. 

DIMENSIONAL ANALYSIS OF THE MODEL 

Let Qj denote the total heat input per unit 
length of the surface with j = 1 indicating that 
the heat input is by conduction at r = ri and 
j = 2 indicating internal electrical generation 
in the can wall and ribs. The temperature in the 
can at the point (R, 2) is denoted by T,(R, 2) 
and Tb is the bulk coolant temperature (assumed 
constant over the short distance of two rib 
pitches). Defining 

ATj = Tj(R,Z) - Tb 

we may write 

(5) 

ATj = F(f ,Qj,R,Z,ro,e,w,p,t,h,,k) (6) 

where F denotes an unknown function and k is 
the thermal conductivity of the material forming 
the surface. Dimensional analysis using dimen- 
sions of heat, length, time and temperature 
simplifies equation (6) to 

[ATj. r. 1 hp/QjI = Kf~CWr,1~ CW,l~ 
[4ro17 IX4 WeI, Ctiel, [lo . h, . $1). (7) 

Note that the same indicial equations are 
obtained for the dimensions of heat and time 
so the 11 independent variables combine to form 
8 dimensionless groups. If the heat transfer 
surface could be constructed from material 

r,te 

r,tf/2e 

The numbers gvfi? the ievei relative 
to me volume generation of heat 
obtained If no rtbs were present 

r,-1/2e 

FIG. 4. Distribution of heat generation in a can having transverse ribs; e/r,, = 
0.035, t/e = 1.0. 
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having an infinite thermal conductivity then 
all parts of the surface would be at the same 
temperature; in particular [rO . hJk] would be 
zero and ATj would be independent of t,R,Z 
and the method of heat input. Denoting this 
value of ATj by 6T we have 

[JT. r,, . 'p/Qj] = Kf, [elr,l, [wlel, WeI). (8) 
Because the 6T values are independent of 
experimental technique they form a useful base 
for comparing the effects of [rO. h,/k], [t/e] and 
method of heat input at various points in the 
can wall or on the heat transfer surface. The 
results of the HEATRAN calculations will be 
presented in terms of the quantity CAR/r,, Z/r,) 
defined by 

cj(R/r,, Z/r,,) = (AT,. - sT)/6T. (9) 

Thus cj(R/ro, Z/r,) gives the increase of the 
local can to coolant temperature difference 
relative to that obtained for a surface of infinite 
thermal conductivity. Note that the “apparent” 
experimental value of the average heat transfer 
coefficient will depend upon the position at 
which the temperature is measured. Thus 

&$VrO~ Z/r,) = h,l[l + cj(Wo, -Wo)l (10) 
and 
S&,(WO, Z/r,) = QJ[l + cj(W,, Z/r,)1 (11) 

where St, is the Stanton Number based on h,. 

RESULTS 

Thin cans, heat input by conduction 
The calculations for thin walled cans with 

heat input by conduction to the inner surface 
are relevant to an AGR. The thermal conduc- 
tivity of the nuclear fuel is usually an order of 
magnitude less than that of the stainless steel 
can, so the contribution of the fuel to the flow 
of heat in the Z direction is ignored. Figure 5 
shows the distribution of 100 c1 (R/r,, Z/r,) 
obtained for the particular case of e/r0 = 0.035, 
t/e = 1.5 and r,h,/k = 2-l (or r,h,/k = 0.7). It 
can be seen that the hottest point on the heat 
transfer surface is about one rib height upstream 
of the mid-rib position. The peak surface tem- 
perature is important in reactor assessments 
because it affects can endurance and reflects 
through to the peak fuel temperature. Although 
in the particular example shown the peak 
outside surface temperature is not associated 
with the peak on the inside surface it is thought 
reasonable to present information for the peak 
outside surface temperature for can endurance 
calculations and use a uniform temperature rise 
through the can wall to give a slightly pessimistic 
peak fuel temperature. 

On completion of the calculations it was 
found that a plot of c1 at one rib height upstream 
of the mid-rib position against the group 
(hp e*/kt) = (h,r,/k) (e/r,,) (e/t) for various e/t 

Flow of 
coolant 

r,ts 

F 
-125 -16-O 

I I 
‘0 t05e -6.6 

I 

-9.6 

I 
r, 35-99-107-9-g- , , , , 9,3- 8,2 - Ii 

r. -05s 9 3- 12 I- 135- 13 3- 12+ it-4- 75- 

I I I I I I I 
ro-e - 13.8-.-..- E-3- 16 8 - 16 a---.- 16.2 -15-O - l24- 

r,-15e l!*-lJg-264-2L-2r_.o-181.9 I -165- 

FIG. 5. Distribution of 100 c,(R/r,, Z/ro) for e/r, = 0.035, t/e = 15 and r,,. h,/k = 2.1 
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FL. 

N.B. Results for 
0 020~ e/r,< 0.050 
have been used to 
draw these curves 

(h, e*/At ) x IO2 

6. Variation of 100.~ on the surface 2e downstream of 
a rib for j = 1, i.e. heat input by conduction. 

was not sensitive to e/r,. Figure 6 shows the 
calculated results in this form for 0.020 < e/r, < 
O-050, 1.0 < t/e < 2-O and 0.0 < h,r,/k d 2.11 
(or O-0 < h,r,/k < 0.7). The results have been 
correlated in terms of r0 hdk and are represented 
to within O*OOl by the following equation. 

c = u . V[P(l) + P(2)U + P(3)V+ P(4)U. V] 

x [l + P(qY-21 (12) 

where P( 1) = 156.08 Y = t/e 
P(2) = 57.64 U = e/r0 
P(3) = -2.29 V = r,hJk 
P(4) = -226.05 
P(5) = @16288. 

Thick cans, heat input by conduction 
Thick walled cans made of aluminium have 

been used by several experimenters studying 
the behaviour of ribbed surfaces, e.g. Wilkie [ 11. 
Input of heat to these surfaces has been effected 
by using an internal heater bar. The thermal 
conductivity of aluminium is an order of 
magnitude greater than that of stainless steel 
so the values of r0 hJk may be significantly 
different from the reactor. In fact the range 
covered in Wilkie’s experiments is 0.0 < r,, hJk 
< 0.12 (or 0.0 < r0 h,/k < 0.04). The thick walls 
of the aluminium cans also contribute signifi- 
cantly to the reduction of temperature differences 
in the can wall, but the calculated effects for 
t/e > 8-O were found to be the same as those 
for t/e = 8.0. Consequently the investigation 

FIG. 7. Variation of 100.~ on the surface at the mid rib position for j = 1, i.e. 
heat input by conduction. 
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was restricted to the one value of t/e = 8.0 as 
opposed to the range 10.4 < t/e < 31.5 covered 
in the experiments. The results shown in Fig. 7 
are for the point on the surface midway between 
two ribs. This point was selected, rather than 
the point 2e downstream of a rib, because the 
experimenters usually attempt to locate thermo- 
couples near the mid rib plane and adjust for 
temperature drop through the can 
the temperature at the surface. 

wall to get 

Thin cans, internal heat generation 
A number of experimenters have 

less steel cans heated by passing 
current through the can wall, e.g. 

used stain- 
an electric 
White and 

White [2]; many combinations of t/e and e/r0 
are involved. So that the magnitude of the 
various effects can be assessed the particular 
values of t/e and e/r0 chosen for the HEATRAN 
calculations are such that adjustments for the 
various experimental con~gurations can be 
obtained by interpolation. The calculated results 
are shown in Fig. 8 where use is made again 
of the insensitivity to e/r0 of c against h,e*/kt. 
The value of c plotted refers to that point on the 
surface midway between the ribs and is selected 
for reasons given in the previous section. The 
results for e/r, = 0.035 are of particular interest 
for reactor applications so these results have 
been correlated and are generated by the 
following equation. 

c = X[P(l) + P(2)X + P(3)X2] 

x [l + P(4)Y_2] 

where 

P(l) = 5.4300 

P(2) = -0.34998 

P(3) = 0.052572 

P(4) = 0.25423 

Y = t/e 

X = ro k,Jk 

h exp = q/K, - 5) 

(131 

(14) 

and 

q = Qj/2rtr0. (15) 

Texp is the measured temperature of the can 
surface midway between the ribs and he_, is 
the “apparent” heat transfer coefficient based 
on this temperature. Equation (13) is valid for 
e/r0 = 0.035, 1.0 < t/e < 3f) and O-O < 
r0 h~~*/k < 2-30. Note that the group ~~~1~~~1~ 
is used instead of r,, h,/k; it has been chosen so 
that the value of h, implied by the experiment 
may be calculated from 

h, = (1 + ckp (16) 

and no iteration procedure is involved. 
The results shown in Fig. 8 for 1-O d t/e 6 2.0 

are similar to those in Fig. 6 indicating that the 
two methods of heat input do not give sig- 
nificantly different results in this range for the 

20 

$0.5 
0 

8 / .x. 

!ii 
f Lit 15 

a 

p! 
2 
e 

8 

2 

E 
2 10 N.B. Results for 
8 O.OMce/r,<0.065 

S have been used to 

5 
draw these curves 

FIG. 8. Variation of 100.~ on the surface at the mid-rib 
position for j = 2, i.e. heat input by electrical generation. 
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mid-rib region of the surface. However, it 
would be unwise to assume that the same 
observation would apply for t/e < 1.0. Figures 6 
and 8 could also be presented as plots of c 
against he/k instead of he2/kt, but this would 
lead to confusion of the lines for varying t/e. 

Checks on the calculations 
To ensure that the information presented is 

accurate a number of checks have been made. 
The mesh size shown in Fig. 2 was found 
satisfactory for t/e = 1.0. The test was a repeat 
calculation for the same heat input and boundary 
conditions, but using additional nodal points at 
R = r. - ie, r. - ;e, r. - se and r0 - ie with 
the values of 2 already involved; no significant 
differences were found. In fact the finer distribu- 
tion of nodes so obtained was used for all the 
calculations having t/e < 1.0. 

The effect of the “possibly incorrect” boundary 
condition Xf,GZ.= 0 when 2 = 0 and 2p was 
investigated by repeat calculations for which 
temperature distribution at 2 = p in the first 
calculation was inserted in the second calcula- 
tion as the boundary condition at Z = 0 and 
2 = 2~. The di~erences for the nodal points 
between Z = Se and Z = 9e were small and no 
changes were found at Z = 7e, the plane mid way 
between the ribs. It was discovered, however, 
that significant changes occurred in the planes 
Z = 4e and Z = iOe, i.e. the downstream and 
upstream faces of the ribs. The results obtained 
for the repeat calculations were found to be 
approximately equal to the mean of those at 
corresponding points in the first calculation. 
Consequently the numbers presented in Fig. 5 
for the downstream side of the rib are the mean 
of those obtained for Z = 4e and Z = lie in 
the first calculation; a similar comment applies 
to the numbers for the upstream side of the rib. 

The distribution of heat transfer coefficient 
estimated by Kattchee and Mackewicz [3] is 
not the only one available. Wilkie [5] has also 
used a mass transfer technique on a ribbed 
surface and obtained an estimate of the heat 
transfer coefficient distribution which differs 

significantly from that of Kattchee and Macke- 
wicz on some parts of the surface. However, 
~lculations using Wilkie’s distribution showed 
that the effect on the value of c near the mid-rib 
position on the surface was small: typically the 
difference between the two values of c would be 
10 per cent of the larger. Kattchee and Macke- 
wicz’s distribution always gave the larger value. 

APPLICATION OF RESULTS 

Figures 6-8 show how the heat transfer per- 
formance of a ribbed surface, as judged by the 
temperature at or near the mid position between 
two ribs, varies with e/rO, t/e, r,, h,/k and the 
method of heat input for the one particular 
combination of w/e = 1.0, p/e = 7.0 and the 
Kattchee and Mackewicz distribution of heat 
transfer coefficient. The largest value of r. h~k 
shown in each figure is typically l-5 times the 
largest value encountered in practice. The 
implication is that experimental data for one 
particular surface geometry cannot be applied 
to a similar geometry without consideration 
of the experimental techniques, etc, involved. 
In particular, these effects must be taken into 
consideration when comparing different sets of 
data for nominally the same surface or predicting 
peak surface temperatures in a reactor from 
experimental data. The sequence of calculations 
necessary to obtain a reactor prediction is as 
fo?lows : 

(i) The “apparent” experimental value of the 
heat transfer coefficient, hexpr must be 
calculated based on the measured surface 
temperature at the mid-rib position. 

(ii) Using Figs. 7 and 8, or equation (13) as 
applicable, the value of h, (which cor- 
responds to the heat transfer coefficient 
of a surface made from an infinite thermal 
conductivity material) must be found. 
This is an iterative procedure unless, as in 
the case of equation (13), the “reverse 
correlation” has been obtained. 
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(iii) 

(iv) 

The value of h, must be scaled to reactor 2. 
conditions. This will usually involve a 
correlation of the form 

St = FfRe, Pr, TJT,). (171 3, 

The value of rO h,,/k for the reactor is 
calculated and then Fig. 6 or equation 
(12) will aHow the “effective” value of h at 
a distance 2e downstream of a rib to be 
found from 

The surface temperature varies with the 
thickness and thermal conductivity of the 
surface material and the method of heat 
input. 
These factors must be taken into account 
when predicting the peak surface tempera- 
ture in a reactor from experimental data or 
comparing different sets of experimental data 
for nominally the same surface. 

h = hJ(1 + c). (18) REFERENCES 

This value, with the heat input, will allow 
1. 

calculation of the peak surface temperature. 
2. 

CONCLUSIONS 3. 
1. The surface temperature may vary signifi- 

cantly over a ribbed surface even though the 
ribs are physically small compared with the 

4, 

dimensions of the surface. 5. 
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INFLUENCE DE L’EPAISSEUR DE PAROI, DE LA CONDUCTIVITE THERMIQUE ET DE LA 
METHODE DE CHAUFFAGE SUR LE TRANSFERT THERMIQUE DE QUELQUES SURFACES 

ANNELEES 

RuLe coefficient de transfert thermique moyen d’une surface. peut etre augmentb par l’adjonction 
de promoteurs de turbulence. L’utilisation de tels Cl(?ments provoque une distribution non uniforme du 
coefficient de transfert thermique sur la surface. Des facteurs lies it la facilitt avec laquelle la chaleur peut 
atteindre les zones air le coefficient de transfert thermique est Cled affectent la distribution de la temperature 
de surface; da; exemples sent I’epaisseur et la conductivitt thermique du matbriau et la methode de chauf- 
fage. Utilisant un programme de calcul pour rtsoudre l’equation de la conduction thermique l’importance 
de ces effets a et6 determink pour quelques surfaces ayant des annelures transversales. Les resultats 
montrent que les performances de surfaces gtomirtriquement identiques, jug&es a partir du pit de la 
temperature de surface, peuvent differer de faGon significative. Ceci implique que de tels facteurs doivent 
dtre pris en compte lorsque par exemple des rtsultats experimentaux obtenus pour une surface annelee 
avec une paroi epaisse d’a‘umini~ sont utilists pour prevoir le pit de temperature de surface dans un 

reacteur avec une surface geomttriquement similaire avec une paroi mince en acier inoxydable. 

DER EINFLUSS DER WANDST;iRKE, DER W~RMELEITF~HIGK~IT UND DER ART DER 
W~RMEZUFUHR AUF DIE W~RME~BERTRAGUNGSLEISTUNG EINIGER BERIPPTER 

OBERFLACHEN 

Znsammenfaasnng-Der mittlere Warmeiibergangskoeffizient einer Oberfllche kann durch das Anbringen 
von Turbulcnzerzcugern gesteigert werden. Die Anwendung solcher Anordnung~ erzeugt iiber der 
Oberflache eine nicht einheitliche Verteilung des W~~e~berg~gskoeffuienten. Damit werden jene 
Faktoren, die den Wlrmetransport in Gebiete mit hohem Warmeiibergangskoeffizienten begtinstigen, 
die Temperaturverteilung der Oberflache beeinflussen. Dies sind zum Beispiel die Wandstarke, die 
Warmeleitfahigkeit des Oberflachenmaterials und die Art der Warmezufuhr. Fur einige Oberfllchen 
mit Transversalrippen wurde die Grossenordnung dieser Einfltisse abgeschatzt, wobei ein Rechen- 
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programm zur Losung der WLrmeleitgleichung benubt wurde. Die Ergebnisse zeigen, dass der Wirkungs- 
grad geometrisch Phnlicher Oberfliiche, beurteilt nach der maximalen Oberfliichentemperatur, bedeutend 
differieren kann. Daraus I&St sich folgem, dass solche Faktoren beriicksichtigt werden miissen, wear z.B. 
experimentelle Ergebnisse ftir eine berippte Oberfliiche einer dickwandigen Aluminiumbrennelementhtille 
benutzt werden, urn die maximale Oberfikhentemperatur einer geometrisch Bhnlichen Oberflache einer 

Htille aus rostfreiem Stahl in einem Reaktor zu berechnen. 

BJIkiRHBE TOJIII@iHbI CTEHICki, TEfIJIOIIPOBOAHOCTki II METOAA 
BOABOAA TEIIJIA HA XAPAFCTEP TEI-UIOOBMEHA HEKOTOPbIX 

OPEBPEHHMX IIOBEPXHOCTEm 

AHHOTIIRIUI-C nOMO~bI0 Typ6yJIu3aTOpOB MOWHO yBeJIu'IMTb CpeAHuii K03$l@i~ueHT 

TenJIOO6MeHa nOBepXHOCTU. ~CnOJlb3OBaHue TaKuX yCTpOhTB 06ecnewiBaeT HepaBHOMepHOe 

paCnpeAeJI0Hue KO3i$(Iu~ueHTa TenJfOO6MeHa n0 nOBepXHOCTu. CJIeAOBaTeJIbHO, $aKTOpbI, 

onpeaenfwque CKOpOCTb nepeHoca Tenna B 06naCTb c B~ICOKUM KO3l)@l~ueHTOM Tennoo6- 
MeHa, BJIUHIOT TaKme u Ha pacnpeneneaue TeMnepaTypn noBepxeocTu. TaKumu i@aKTopaMu 

RBJlRiOTCR TOJllrluHa nOBepXHOCTU u TenJlOnpOBOJ(HOCTb MaTepuaJla nOBepXHOCTu, a TaKH(e 

MeTOZ[nO~BOJ.(aTenJIa. kknOJIb3yR npOPpaMMy AJlii peILleHuR ypaBHeHuH TenJlOnpOBOAHOCTu, 

WEJleHHO UCCJleAOBaJIOCb BJlURHUe 3TUX $aKTOpOB Ha TennOO6MeH ASlH HeKOTOpbIX nosepx- 

HOCTefi C nOnepeqHblMU pe6paMu. Pe3yJlbTaTbI nOKa3bIBaIOT, '4TO XapaKTepUCTuKu I'eO- 

MeTpWieCKU UAeHTUWibIX nOBepXHOCTeti, eCJIu CyAUTb, CKaWeM, n0 MaKCUMaJlbHOfi TeMIIe- 

paType CTeHKU, MOryT CyIlJeCTBeHHO OTJIENaTbCH. 3Tu +aKTOpbI HeO6XOAuMO yqUTbIBaTb, 

KOrAa, HanpuMep,3KCnepUMeHTanbHne AaHHbIe,UOJIy4eHHbIe AJIH Ope6peHHOi IIOBepXHOCTu 

qUJIuIiJ&pa c TOJICTOti aJIlOMuHueBOfi CTeHKO#, UCnOJIb3ylOTCH AJlfI paC'4iiTa nuKOBOti TeM- 

nepaTypbt nosepxnocru pearvropnoro nonretiuepa c r0nnn~u cretiuahtrr 113 Kepmasem~e# 

CTEIJIU, UMeIO~UMU nOBepXHOCTb, reOMeTpWleCKU no&o6HyIo nOBepXHOCTL4 aKCnepuMeHTaJ,b- 

HOI.0 ~UJlUHApa. 


