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Abstract- Data on isothermal pressure drop and heat transfer to non-Newtonian fluids (both pseudo- 
plastic and dilatant) in different coiled pipes (helical and spiral coils) at constant tube wall temperature 
conditions are presented. The present data have been compared with the corresponding correlations and 
theoretical results available for straight and coiled pipes in the literature, both for Newtonian and non- 
Newtonian fluid Bow and heat transfer. A correlation is set up which can represent the present data as well 

as the data available in literature for Newtonian fluids. 

NOMENCLATURE 

CP specific heat at constant pressure 

[Cal/g degcl ; 
k diameter of the helical coil [cm] ; 

suffIi Avg denotes the average dia- 
meter of the spiral coil ; 

D, inner diameter of the tube [cm] ; 
DJD,, curvature ratio of the helical coil ; 

(D~D~~~~*, average curvature ratio of the 
spiral coil ; 
Fanning’s friction factor for helical 
and spiral coils [dimensionless]: the 
suff~ S denotes friction factor for 
straight pipe; 
acceleration due to gravity [cm/s”] ; 
consistency index [kg/m2 . h”] ; 
heat-transfer coeflicient evaluated at 
arithmetic mean temperature differ- 
ence [kcal/hm2 degC] ; 
thermal conductivity [kcalim h 

degC] ; 
length of the coil [cm3 ; 
flow behaviour index [dimension- 
less] ; 
Dean’s number =: N,d(Di/D,) ; 
K2u2/(n + 1)2 D”’ ‘in/C, AT; 
Graetz number = WCdk&L; 
Nusselt number = h,, DJk,,; 
Prandtl number = C&k,; ’ denotes 

modified Prandtl number for non- 
Newtonian fluids ; 
Reynolds number = DiVp/p ; ’ denotes 
modified Reynolds number = 
(E)“lJ+” p/s, K V-1); 
pressure drop per unit length of 
capillary [kg force/m31 ; 
radius in cylindrical polar coordinate 
system ; 
dimensionless temperature ; 
temperature [deg C] ; 
velocity [cm/s] ; suffix m denotes the 
mean velocity in the capillary tube 

i%/V ; 
component of velocity in x direction 

[cm/s] ; 
component of velocity in y direction 

[cm/s] ; 
component of velocity in z direction 

[cm/s] ; 
component of velocity along the axis 

[cm/s] ; 
weight rate of flow [g/s] ; 
density [g/cm”] ; 
viscosity [cp] ; 
shear stress [kg/m2]. 

The suffixes b, w, indicate bulk and wall tempera- 
tures respectively. 
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INTRODUCTION 

WHENEVER a Newtonian fluid flows in a helical 
or spiral coil, there exists a secondary flow in 
addition to the main flow caused by longitudinal 
pressure gradient. The straight streamlines in 
the flow of a fluid (Newtonian) in a straight 
cylindrical pipe are replaced by curved stream- 
lines in coils and higher rates of momentum 
and heat transfer are obtained. These secondary 
flows are in the form of free vortex flow character- 
ised by the equation V, . R, = constant, where 
V, is the velocity of whirl and R, is the radius of 
curvature. The velocity of whirl will be greater 
at the inside of the pipe bend than at the outside. 
Hence there exists a pressure gradient across the 
diameter of the curved pipes as shown in Fig. 1. 

(A hf,‘) DiametrIcal 

FIG. 1. Diametrical pressure drop. 

This pressure gradient is referred to as the 
diametrical pressure drop. The intensity of 
secondary flows is dependent on the diametrical 
pressure drop. It is these secondary flows which 
will alter the mechanism of momentum and heat 
transfer in coiled pipes both in laminar and 
turbulent flow. The diametrical pressure drop 
for Newtonian Buids flowing in helical and 
spiral coils has been measured by Kubair and 
Kuloor [l, 2] in laminar and turbulent flow. 
It has been found that the diametrical pressure 

drop varies considerably along the length of the 
coiled pipes and is dependent on the geometry 
of the coil both in laminar and turbulent flow. 
The values of diametrical pressure drop increases 
as the flow rate is increased. The contribution of 
the diametrical pressure drop in increasing the 
rates of momentum transfer is lower in laminar 
flow and higher in turbulent flow. Accordingly 
the parabolic velocity profile encountered in 
straight cylindrical pipes, in laminar flow is 
replaced by a skew profile in coiled pipes. Since 
the centrifugal forces suppress the transverse 
motion, which are characteristics of turbulent 
flow, the onset of turbulence in coiled pipes is 
delayed and the transition occurs at a higher 
Reynolds number than in a straight pipe (even 
up to NRe = 10000) depending on the geometry 
of the coil. 

Following the work of Ito [3], Kubair and 
Kuloor [4] have suggested that the formula 

(N& = lo4 (1.273) (~,/DC}o~2 (If 

can be used to estimate the critical Reynolds 
number for helical and spiral coils, replacing 
the curvature ratio by the average curvature 
ratio for spiral coils. 

The friction factors for coiled pipes are higher 
than in straight pipes, owing to the presence of 
secondary flows. The difference in the friction 
factors of coiled pipes and straight pipes is 
greater in laminar flow than in turbulent flow, 
owing to the higher contribution of centrifugal 
forces in laminar flow than in turbulent flow. 

Similarly higher rates of heat transfer are 
obtained in laminar flow than in turbulent flow, 
since the thermal resistance is considerably 
reduced in laminar flow. The rate at which 
thermal resistance is reduced depends on the 
intensity of secondary flows, which in turn 
depend on (L/DJ ratio and (&/DC) ratio of the 
coils. Therefore, coiled pipe heat exchangers are 
preferable to straight pipe heat exchangers. 
Although multitubular straight pipe heat ex- 
changers give higher area and higher rates of 
heat transfer, they are beset with a number of 
problems like a complicated common header, 
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cleaning of tubes and economy. Hence coiled 
pipes am preferred and offer promising results 
as efficient heat exchangers. 

The state of knowledge of pressure drop and 
heat transfer for Newtonian fluids in coils can 
be summarized as: 

1. The onset of turbulence is in coiled pipes 
is delayed and can be estimated from the 
equation (1). 

2. The rates of momentum and heat transfer 
in coiled pipes are higher than in straight pipes 
both in laminar and turbulent flow. 

3. The friction factors for coiled pipes can be 
estimated from the correlation [5] for laminar 
flow, 

fJf, = [l - (1 - (11~6/N,,,)0’45}2~2]-1 (2) 

for 11.6 c IV,, c 2000 f, = 16/NR, and for 
turbulent flow friction factors can be estimated 
from the correlation [6] 

f, - f, = 0.120 (Di/o,)O’” (3) 

where f, = 0.079 N&! 
4. The heat-transfer coefficients for laminar 

flow can be calculated using the correlation of 
Kubair and Kuloor [7] ; viz 

N, = Cl.98 + 1.8 (DJQ)] N&’ (4) 

for 80 < NRe < 6000, and for turbulent flow it 
can be estimated from the equation [8] 

N,, = [l + 3.54 (Q/O,)] N;: N;; (5) 

for NRe > 10000. 

A number of non-Newtonian fluids (time 
independent and time dependent) like starch, 
clay suspensions, polyox, carboxymethyl cellu- 
lose and many polymer solutions in water are 
extensively used in industries. When coiled pipe 
heat exchangers are used to handle non- 
Newtonian fluids, the above discussions are 
not applicable and separate correlations are to 
be set up to provide a basis for design of coiled 
pipe heat exchangers for non-Newtonian fluids. 

During the last twenty years there has bee!: an 
increasing interest in the flow behaviour of 

non-Newtonian fluids both theoretical and 
experimental. Of various time independent non- 
Newtonian fluids, the power-law model charac- 
terised by the equation 

z xy = K(du/dy) (n ’ 0) (6) 

where K is the consistency index and n is the 
flow behaviour index, has been recommended 
as the suitable simplification to the flow of 
many non-Newtonian fluids handled in in- 
dustries. 

Various analytical treatments have been 
given [9-141 for the flow of non-Newtonian 
fluids in curved pipes. However, because of the 
simplifications required, the predictions do not 
agree with the results of Rajasekaran et al. [ 151 
who have measured the diametrical pressure 
drop for the flow of non-Newtonian fluids in 
helical coils and found that: 

1. The curvature and the rheological proper- 
ties of non-Newtonian fluids appreciably affect 
the axial and diametrical pressure drop values. 

2. The diametrical pressure drop for non- 
Newtonian fluids indicate that the intensity of 
secondary flows is a function of the curvature 
ratio and the (L/OJ ratio. 

3. Since the rates of momentum transfer 
depend upon the above variables, the rates of 
heat transfer should depend upon the same 
variables both in laminar and turbulent flows. 

The theoretical predictions of Ratna [9] 
and Kanakaraju and Ratna [14] do not reveal 
the effect of curvature on momentum and heat 
transfer in coiled pipes, which G not evident by 
the preliminary work of Rajasekharan et al. [ 151. 
Perhaps the order of correction of curvature 
introduced in equations of motion and energy 
may not have been sufficient to elucidate the 
effect of curvature on momentum and heat 
transfer. 

Hence in order to understand the role of the 
secondary flows on pressure drop and heat 
transfer, this work is taken up, to present data 
on pressure drop and heat transfer to non- 
Newtonian fluids of power-law type, and 



1586 S. RAJASEKHARAN, V. G. KUBAIR and N. R. KULOOR 

establish correlations with the geometrical para- 
meters of the coiled pipes. 

EXPERIMENTAL 

The isothermal pressure drop data have been 
collected using different non-Newtonian fluids 
in different coiled pipes. The range of variables 
covered in present studies is given in Table 1. 

Table 1. 

Helical or Curvature Range of Liquids 
spiral coil ratio N Rt?’ used 

H, 0.037 621260 1% CMC 
0.5% CMC 

1% sodium silicate 
HI” 0.097 3-25000 1% sodium silicate 
Su 0,021 lo-25 000 1% sodium silicate 

The pressure drop data are collected using 
the same apparatus as used by Kubair and 
Kuloor [7] in an earlier paper. 

Heat transfer 
The arrangement of apparatus used for 

collecting heat transfer data is exactly the same 
as that reported by Kubair and Kuloor [7] 
for spiral and helical coils. 

The range of variables covered in the different 
types of coiled pipes used in the present investi- 
gation are given in Table 2. 

Method of operation 
For each flow rate the solutions which are 

prepared by dissolving a known amount of 
powders CMC, CPM and sodium silicate are 
used as the test fluids, which are metered by 
using a calibrated rotameter. The properties 
of the solutions of CMC, CPM and sodium 
silicate used in the present work are summarized 
in the Table 3. Steam from a boiler, is condensed 
on the helical and spiral coils. The non-condens- 
able gases are removed by purging steam through 
vents. The calibrated thermocouples of copper- 
constantan of 32 gauge are used to measure the 
tube wall temperature. The therm0 e.m.f. is noted 
on a Kaycee type potentiometer. When steady 
state is reached as denoted by the constant and 
reproducible readings of the thermometer at 
inlet and outlet points, therm0 e.m.f. readings 
on potentiometer, the flow rate and inlet, outlet 
temperatures of liquid, steam temperature and 
the weight of condensate collected for a known 
time and flow rate of the liquid are noted. At the 
beginning and the end of every experiment, 
a sample of liquid is preserved which is used 
to determine the physical and rheological 

properties. 
Physical properties. The physical properties 

of liquid such as density, specific heat are 
determined at the bulk temperature of the 
liquid. A pyknometer immersed in an ultra- 

Table 2. 

Helical or 
spiral coils 

Curvature ratio 
DJD, or 

WD,(avg.) 

Di 

(cm) 

No. 
of 

turns 

Solutions 
used 

Range 
of 

NGs 

HI 0.037 0.6549 7 1% CMC 2C-90 
0.5 % CMC 40-90 

H,, 0.056 06407 12 l%CMC 36130 
H,,, 0.074 0,954 10 l%CMC 22-113 

0.5 % CMC 63-120 
H,” 0.097 1.27 10 l%CMC 48-135 

0.5 “/, CMC 48-139 
S,, 0.222 0642 4.5 l”/,kMC 30-77 

1.25 % CMC 33-91 
S 111 0.03 1 0.9468 50 1% k-MC 

0.5 % CMC 
1% sodium silicate 0.5 % CPM 

60-140 
50-96 

75-103 
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thermostat is used to determine the density. 
The specific heat and thermal conductivity of the 
test liquid is assumed to be same as that of 
water. 

Rheological properties. The range of wall 
shear stress used during heat transfer runs are 
calculated. An ultra thermostat is used to 
maintain the bulk temperature of the liquid. 
Water from the thermostat at the bulk tempera- 
ture of the liquid is allowed to circulate through 
the jacket surrounding the capillary of the 
capillary tube viscometer. The different capilla- 
ries of different diameters are used to cover 
the different range of shear stress. The readings 
of pressure drop, weight of liquid collected for 
a known amount of time are noted under steady 
conditions of state. The plot DAP/4L vs. 8 VJD 
are drawn on logarithmic coordinates for the 
test liquid. The slopes (flow behaviour index n) 
and the intercepts (consistency index K) are 
calculated using least square method. The 
values of n and K are similarly determined for 
different test liquids, for different helical and 
spiral coils (at different wall shear stresses) 
and at different bulk temperatures. The typical 
rheogram is presented in Fig. 6 and the properties 
in Table 3. 

Table 3. Power law parameters 

(w&J n 

log K 

(kg/m’ x s”) 
_ 

CMC in water 73°C 1% 0.73 4.3558 
’ 0.5% 0.63 46088 

CPM in water 75°C 0.25 % 0.47 4.3103 
0.5 % 0.6886 4.0183 

Sodium silicate 75°C 1.5% 2.16 11.9735 

RESULTS AND DISCUSSION 

The results of pressure drop data for New- 
tonian fluids in the same apparatus has been 
published by Kubair and Kuloor [7], and are 
found to be in good agreement with the various 
correlations reported for Newtonian fluids, as 
shown in Fig. 2. 

FIG. 2. Comparison of the present data with the existing 
correlations. 

The typical results of pressure drop data for 
non-Newtonian fluids flowing through helical 
and spirals have been presented in Figs. 3-5 

(spirals). 
It can be found that as modified Reynolds 

number increases, the friction factors decrease 
and are much higher than the friction factors 
calculated from standard correlations available 
for laminar [16] and turbulent [ 171 flow of 
non-Newtonian fluids in straight pipes. But as 
turbulent flow 1s reached, the difference in 
friction factors for straight and coiled pipes is 
not greater as observed in the figures. The 
difference is appreciable in the case of laminar 
flow owing to the higher contribution of centri- 
fugal forces towards total pressure drop values 
whereas in the case of turbulent flow, the 
suppressed motion of secondary flows by domi- 
nating inertia force is responsible for smaller 
difference in friction factors between curved and 
straight pipes. Moreover, the onset of turbulence 
is delayed in all the coils owing to the fact that 
transverse motions characteristic of turbulent 
flow are suppressed by centrifugal forces. 
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O- 

. 

ZJ - 
F 

0 I % cmc solution 

A 0.5% cmc solution 

V I% sodium silicate solution 

x St. pipe (non newtonion) 

3 
, / 1 I 

I 2 3 4 5 

‘og k 

FIG. 3. Isothermal pressure drop data Helical coil I (DJD, = 0.037). 

. 

E - 

To- 

0 I%cmcsolution 

0*5%cmc solution 

I% sodium silicate 
solution 
St. pipe(non-newtonion) 

\ 
-+x_ 

/ =Qo79 
s liic, 

3.6h I I I I I 

I 2 3 4 5 

IOQ NRC' 

FIG. 4. Isothermal pressure drop data coil IV (OJD, = 0’097). 
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0 I % cmc solution 

a 0.5% cmc solution 

v I % sodium silicate solution 

x St. pipe (non-newtonian) 

1 
I.0 

I I , 
2.0 3.0 4-o 50 

log be1 

FIG. 5. Isothermal axial pressure drop data spiral II. 

Heat transfer 
The results of heat transfer are presented in 

Figs 7-12 as plots of log N, vs. log N,,. It is 

Typical rheogram 

FIG. 6. Plot of 1 + log (DAP/4L) vs. log (8 h/D). 

found that the heat transfer coefficients are 
very much higher than for Newtonian and non- 
Newtonian fluids in straight pipes, and Newton- 
ian fluids in coiled pipes. 

The heat-transfer coefficients for Newtonian 
and non-Newtonian fluids for straight pipes are 
taken from Pigford’s correlation [18] viz 

h D. 
A!!!-! = 1*75[(3n + 1)/4n]* (NC,)* 

kb 
(7) 

which has been experimentally verified by 
Metzner et al., in the range 0.2 < n < 0.7. 
For n > 1, no data seem to exist for heat transfer 
to non-Newtonian fluids. Since the consistency 
index is found to vary, Metzner et al. [19] have 
recommended the correction (&,/K,)0”4 corre- 
sponding to Sieder Tate’s correction for New- 
tonian fluids, Kubair and Kuloor [7l found that 
such corrections are not necessary since the 
contribution of this term did not appreciably 
influence the correlation. 

Since in the present studies, constant tube 
wall temperature conditions are maintained, 
Pigford’s correlation [183 has been used for 
comparison. 
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0 I % cm solution m water 
a O-5 % cmc solution in water 

FIG. 7. Plot of log NGz vs. log N,, for helical coil I. 

Rajasekharan et al. [12] found that intensity Kanakaraju and Ratna [14] have found 
of secondary circulation for non-Newtonian theoretically 
fluids depends on LIDi ratio and DJD, ratio. 
Therefore the rate of reduction of thermal N,, = WR,, Np,r NM nl 

resistance i.e. heat-transfer coefficient must 
depend on these variables. Therefore, the heat 
transfer coefficients depend on : 

N,, = F(N,,*, Np,*, DJD, LIDi n) 

= F(NGZ,, n). 

1,9- 0 1.0% cm solution in water 

1.8- 

1.5- 

0 

IT.5 I.6 l-7 I.8 I.9 2.0 2.1 2.2 2.3 

log NC, 

FIG. 8. Plot of log NGz vs. log N,, for helical coil II. 

and that Nusselt’s number increases with the 
decrease in the value of n. No appreciable 
effect of curvature has been reported by them. 

Hence based on the above considerations it 
is necessary NGz. is the correct characteristic 
dimensionless group to correlate the heat 
transfer coefficients for non-Newtonian fluids, 
similar to the correlation of Kubar and Kuloor 
[7] for Newtonian fluids viz. 

N,, = Cl.98 + 1.8 (DJD,,] N:j’ 03) 

for 80 < N,, -C 6000 and 20 < NP, < 100. 
In the Table 4, the results in the present studies 

are compared with heat-transfer data, for 
Newtonian and non-Newtonian fluids in straight 
pipes, and Newtonian fluids in coiled pipes. 

It can be found from Table 4, that curvature 
has a definite increasing effect on heat-transfer 
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0 I.0 %cmc solution in water 

A O-5%cmc solution in water 

‘og NC, 

FIG. 9. Plot of log N,, vs log N,, for helical coil III. 

coefficients which has not been reported by 
earlier workers. But the heat-transfer coeffrci- 
ents are increasing as n decreases which is in 
agreement with the conclusion of Kanakaraju 
and Ratna [14], based on their theoretical 
analysis. But the conclusion reported by Kana- 
karaju and Ratna [14] holds good even for 
straight pipes [22] and also for boundary-layer 
flow [23]. But the effect of curvature on heat 
transfer is not revealed from their analysis 
since in their analysis they did not apply higher 
order corrections of curvature. Since the calcu- 

2.1 

I 
0 I-O% cmc solution In woter 

a 0.5% cmc solution In water 

1 P, 
‘.5,.6 

I I I 1 I I 
I.8 

J 
2.0 2.2 2.4 

log NC, 

FIG. 10. Plot of log N,, vs. log NNU for helical coil IV. 

lations and theoretical analysis are too tedious 
for higher order corrections, it is found necessary 
to propose an empirical correlation. 

From Table 4, it can be found that the increase 
in the rates of heat transfer is about 10 times 
than in straight pipes. For curved pipes the 
prediction of Ratna for dilatent fluids does not 
hold good since higher heat-transfer coefficients 
than pseudoplastic fluids are obtained. But only 
limited data of heat transfer to sodium silicate 
indicates that further work is necessary in this 
direction. 

2.0 

1 
0 I*O%cmc solution In water 

A I.Z5%cmc solution In water 

1.41.5 1.7 I.9 2.1 1 2.3 

log N,, 

FIG. 11. Plot of log ix&Z vs. log N,, for spiral II. 
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Table 4. Values of (hD/k) at N,, = 80 

Coil DilD, 

n = 0.63 
0.5 % CMC 
solution 

” = 0.73 
l%CMC 
solution 

n= 10 
glycerol 
solution 

n = 2.2 

HI 0.057 28.0 28.0 31.0 
H,, 0.056 35.0 32.0 
HI,, 0.074 38.0 37.2 33.0 
H,” 0097 8439 54.0 39.0 
%I 0.022 56.0 31.0 72.7 

?!pipe 0.031 [18] 42.0 7.711 7.589 33.0 7,367 3,258 

In the Table 5, the values of N, at lower and 
higher ranges of NGz follow the conclusion 
reported by Kanakaraju and Ratna [ 141 namely 
that heat-transfer coefficients increase with 
decrease in n. For dilatant fluids in coiled pipes, 
highest transfer coefficients are obtained, than 
in straight pipes. But in the absence of any 
theoretical and experimental verifications, 
generalization is not possible. 

Table 5. Values of (hD/k) 

” = 0.73 II = 2.2 
N Gz l%CMC 1% sodium n = 1.0 

silicate solution 

NI 19.0 14.23 8.9 

S,, 132.0 -- 106.2 31.62 

Based on the same arguments as given above, 
the Nusselts number for coiled pipes, whenever 
a non-Newtonian fluid flows, is a function of 
modified Graetz number and the flow behaviour 
index. Since the variation of the consistency 
index does not appreciably influence the heat- 
transfer coeffkients, because of the secondary 
flows, it is not included in the correlation 
applicable for coiled pipes. The correlation of 
Kubair and Kuloor [7], equation (7), applicable 
for Newtonian fluids is used as the basis for 
accounting the data on heat transfer to non- 
Newtonian fluids in coiled pipes, using the 
correction factor [(3n + 1)/4n]. The exponent 
of this correction factor for straight pipes is 

2.1- . 0.5% cm solution in woter 
D 1.0% sodiumsillcate in water 

in water 

1.9- 

f 

H 
1.7- 

I 
I.5 ,ifl I!9 211 ' $3 

log &I 

FIG. 12. Plot of log NGI vs. log N,, for spiral III. 

given as 3 by Pigford [ 181 and it is same as 
exponent of NGz. The same arguments apply 
to non-Newtonian fluids in coiled pipes and 
[(3n + 1)/4n]O”” if included in Kubair and 
Kuloor’s correlation [7], can very well represent 
the present data on heat transfer to non-Newton- 
ian fluids in all the coiled pipes. The final 
correlation can be written as: 

N,, = [1.98 + 1.8 (Q/D,)] y 
[ 1 

0.7n 

N;=7. 

(9) 
For 800 < N,, < 9000, 0.4 < n < 2a and 
10 < N,, < 1000, 10 < N,,, < 100. 

The present correlation predicts the data of 
Kuloor [7] within +lO per cent and average 
deviation less than 3 per cent, for Newtonian 
fluids. The agreement between the observed 
and calculated results is shown in Fig 13. 
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2.0- 

1.8- 

l-2 1.4 I.6 I.8 2.0 

/ 

x4 
“-Slope = 0.7 

I% cmc solution 

0.5% cme soluti 

I % cmc solution 

10% glycerol sol” 

70% glycerol soln 

II 1 

/w Di/@ow 
0.037 
o-037 
O-056 

0074 

0.074 

0.097 

0.021 

0.033 

0.033 

0.056 

0.037 
0.037 

0.056 

O-056 

- 

FIG. 13. Plot of log N&1,98 + 1.8 (DJD,)]-’ [(Sn + 1)/4n]-0“* vs. log IV,, 

If n = 1 the present correlation reduces to the 
correlation published earlier [7]. The present 
correlation can predict the data of Berg and 
Bonilla [20] satisfacto~ly at higher Graetz 
numbers and that of Seban and McLaughlin 
[21] at lower Graetz numbers. The data on heat 
transfer to Newtonian fluids are also included 
in the Fig 13 with a view to establishing the 
validity of the correlation for Newtonian fluids. 

1. The friction factors and heat-transfer co- 
efficients for non-Newtonian fluids in coiled 
pipes are higher than those for straight pipes and 
are affected by the curvature ratio and flow 
behaviour index. 

2. Data on heat transfer to non-Newtonian 
fluids in different coiled pipes can be satisfac- 
torily represented by equation (9). 
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TRANSPORT DE CHALEUR VERS DES FLUIDES NON-NEWTONIENS EN 
EC~ULEMENT LAMINAIRE DANS DES TUYAUX ENR~ULBS 

Resume-On presente les resultats sur la perte de charge isotherme et le transport de chaleur vers des 
fluides non-Newtoniens (pseudoplastiques ou dilatants) dans differents tuyaux enroulb (bobines en 
h&lice ou en spirale) avec des conditions de temperature parietale du tube constante. Les rtsultats actuels 
ont et& compares avec les correlations correspondantes et les resultats theoriques sur les tuyaux droits 
et enroules disponibles dans la litttrature, pour l’tcoulement et le transport de chaleur dans des fluides 
Newtoniens ou non-Newtoniens. On ttablit une correlation qui peut rep&enter les resultats actuels 

aussi bien que les resultats disponibles dans la litttrature pour les fluides Newtoniens 

WARMEUBERGANG AN NICHT-NEWTON’SCHEN FLUSSIGKEITEN IN LAMINARER 
STROMUNG IN GEWENDELTEN ROHREN 

Zuaammenfaaarmg-- Es werden Daten aufgefiihrt fiir den isothermen Druckabfall und den Warmeiibergang 
an Nicht-Newton’sche Fliissigkeiten (sowohl pseudoplastische als such elastische) in verschiedenen 
gewundenen Rohren (wendel- und spiralfiirmig) bei konstanter Rohrwandtemperatur. Die angegebenen 
Werte wurden verglichen mit entsprechenden Beziehungen und theoretischen Ergebnissen, die in der 
Literatur fiir Striimung und Warmetibergang Newton’scher und Nicht-Newton’scher Fluide in geraden 
und gewundenen Rohren zur Verftigung standen. Es wird eine Beziehung aufgestellt, die ftir die vorliegenden 

Werte ebenso wie ftir die in der Literatur angegebenen Werte ftir Newton’sche Fluide giiltig ist. 

TEILrIOOEMEH IIPH 3AMMHAPHOM TErIIEHMM HEHbIOTOHOBCKMS 
‘HHAHOCTEn 13 SMEERIIKAX: 

AHHOT~~WJI-II~HBO~RTCFI UaHHbIe II0 nepenany ,!IaBneHHH II ‘IeIIJIOO6MeHy HeHbIOTOHOBCKMX 
HCHRKOCTefi (IICeB~OIIn3CTHrIHbIX II AHJIaTaHTHbIX) R pa3JIWIHbIX 3MeeBMKaX IIpH IIOCTOHHHOli 
TeMHepaType CTeHOK Tpy6bI. ffpHBe~eHHbIe RaHHbIe CpaBHHB3JIHCb C COOTBeTCTByIOmIIMIl 
KOppenHHHHMH II TeOpeTHYeCKHivIH JIHTepaTypHbIMH AaHHbIMH BJIH IIpHMbIX Tpy6 I1 3MeeBHKOB, 

KaK AJIH HbIOTOHOBCKHX, TEIK ii HeHbIOTOHOBCKMX )fCMAKOCTeti. Hati,QeHo COOTHOIIIeHtle, 

KOTOpOe MOlKeT 0606mHTb IIOJIyWHHbIe ,I&IHHbIe Ii ;raHHbIe, HnreIomHecH B naTepaType, Ha 
CJIyWtt HhIoTOHOBCKAX IKHBKOCTet+ 


