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Abstract—We believe that there is a need for engineering data involving fluids which are processed in Jarge
quantities, but which do not follow the laws of Newtonian fluids. Tomato puree is such a fluid and it was
selected for the present investigation. Heat transfer and friction coefficients were obtained for a range of
operating conditions and it was possible to present the results in the customary way by defining an apparent
viscosity, and by computing a Reynolds number and a Prandtl number based on that viscosity. The
apparent viscosity depends on the shear rate and this effect was taken into account. Additional experiments
were conducted with tomato puree containing small amounts of polymeric additives. The experimental
heat transfer and friction coefficients were compared with those of Newtonian fluids. It is hoped that the
results will provide some guidance to the engineer who is faced with designing heat exchange equipment
for complex fibrous fluids such as tomato puree.

INTRODUCTION

THROUGHOUT the development of fluid mechanics and
heat transfer, by far the largest effort has been devoted
to Newtonian fluids. This is, of course, both very
appropriate and very justifiable as air and water are
essentially Newtonian and the understanding of the
motion of these fluids is central to our technological
progress. The work on Newtonian fluids has been so
successful that we are now able to predict the behavior
of even very complicated flows and this ability has
been crucial in the development of such modern sys-
tems as airplanes, ships, pipelines, rockets. turbines
and jet engines.

Yet there are, of course, an endless number of fluids
that do not follow the Newtonian constitutive laws
and an increasing number of these are being handled
industrially on a rather large scale. As a consequence,
the equipment for moving and processing these fluids
requires careful design and analysis for economical
operation and this implies the need for a more basic
understanding of the flow and heat transfer charac-
teristics of these particular non-Newtonian fluids.
Various investigations of non-Newtonian fluids have,
of course, been performed over the years and some of
this work has been described in books as well as survey
papers. (See for example, ref. [1].) Some experiments
of this kind were conducted in our laboratories on
dilute solutions of polymers, on dispersions of par-
ticulates and fibers in water, and on solutions of poly-
mers in kerosene. The work on the first two fluids was

stimulated by an interest in applications involving the
drag-reducing properties of these fluids ; the work on
the third was a part of an investigation of anti-misting
kerosene, a fuel designed to reduce the danger of
explosions in aircraft accidents.

In this paper we report the results obtained with
tomato puree. While performing this work we cer-
tainly met with considerable scepticism and some ridi-
cule. Yet the preparation of food is without doubt a
most basic and important activity, and heat transfer
is certainly a crucial part of food preparation or food
processing. Tomatoes in particular represent a very
important farm product. The value of the yearly Cali-
fornia crop is about 400 million dollars, and the value
of the products made from the tomatoes—such as
ketchup, tomato paste, and tomato soup—is, of
course, even much larger than that. It seems very
appropriate, therefore, to increase at least somewhat
the emphasis on investigations of these more complex
common fluids.

It was the purpose of the present work to contribute
to this endeavor by providing some basic data on heat
transfer and friction coefficients for tomato purce as
one of these fluids. Indeed, there has not been much
work conducted on the friction and heat transfer
characteristics of this type of fluid, and even less that
has taken appropriately into account their complex
rheological characteristics.

Among the early investigations concerned with the
rheological aspects of food materials are the studies
by Charm [2, 3] who investigated the viscosity models
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B Arrhenius constant

¢ specific heat

C,.  friction coefficient

Cy  heat transfer coefficient

d  diameter of test pipe

D diameter of capillary

L length of pipe

n exponent of the shear rate
Nu  Nusseit number

Ap pressure drop

Pr Prandtl number

apparent Prandtl number
Re  Reynolds number
apparent Reynolds number

NOMENCLATURE

7 absolute temperature
¥V average velocity
x  distance from entrance to pipe.

Greek symbols
P shear rate
7«  shear rate at the wall
n,  apparent viscosity
ner  effective viscosity
v,  apparent kinematic viscosity
vy effective kinematic viscosity
P density
T shear stress
1,  shear stress at the wall.

applicable to these fluids and by Eolkin {4] who pro-
posed the in-line measurement of viscosity at various
shear rates for the monitoring of production lines.
Power law models, yield stresses, and pseudoplasticity
were studied by Harper and El Sahrigi [S] for tomato
concentrates, by Saravacos [6] for fruit purees. by
Krumel and Sarkar [7] for gum additives, and by Van
Viiet and Van Hooijdonk {8] for fruit juices. More
recently, viscosity and flow models were investigated
by Rao and Anantheswaran [9] and Rao and Cooley
{10].

The few heat transfer investigations include those
by Charm and Merrill [11] in concentric heat ex-
changers, by Harper [12] in evaporators, and by
Jowitt and McCarthy [13] in plate heat exchangers.

EXPERIMENTAL INSTALLATION

A diagram of the experimental installation is shown
in Fig. 1. The arrangement is basically very simple.
The central component, the test section, consists of an
approximately 5 m long straight circular tube with an
inner diameter of 8 mm. Pressure gauges and thermo-
couples were placed at several stations spaced at
intervals of about 0.6 m along the tube. A thermo-
couple is placed in the fluid just upstream of the
entrance to the test section to determine the initial
fluid temperature. The fluid from the test section is
discharged into a mixing chamber and the mixed mean
temperature of the fluid is determined by a thermo-
couple in this chamber. The test fluid is mixed and
conditioned in a supply tank. It is then drawn into a
cylinder by a receding piston and next forced through
the test section as the piston moves forward. It is a
‘once-through’ flow arrangement and each batch of
fluid is used only once. The piston is driven by an
electric motor through a worm gear and pressure is
supplied to the back of the piston to assist the motor.

The flow rate was derived from the rate of piston
displacement.

The wall of the test section itself served as an electric
heater for the fluid flowing through the tube. Electric
current was passed through the wall and the local
power dissipation was calculated from the measured
current and voltage drop. Detailed information on
the test installation is given in ref. [14].

FLUID PROPERTIES

The test fluid, as pointed out earlier, was tomato
puree diluted to a total solid concentration of 6%,
the remainder being water. The density (in kg m~%)
of the puree diluted to 6% was found to be p = 1110~
0.307 T (K) between 293 and 313 K. Because of
the nature of the fluid, it was assumed in the
computations that the heat capacity and the ther-
mal conductivity were equal to that of water. The
viscosity, however, had to be determined exper-
imentally, With a non-Newtonian fluid of this type,
the viscosity, of course, is no longer a simple concept
and its dependence on the shear rate now becomes a
major factor.

Various definitions of viscosity for fluids of this
type are discussed in detail in the literature. the review
by Cho and Hartnett [15] being particularly pertinent
for the present application. Only a brief summary,
therefore, needs to be given here, outlining the defi-
nitions and computational procedures. For the pres-
entation of our data the so-called ‘apparent viscosity’,
#.. was found to be the most suitable property. This
viscosity is defined by the relation

Ty = Hafw (1

where 1, is the wall shear stress and 7, the shear
rate at the wall. In order to determine the apparent
viscosity for the test fluids, tests were conducted in a
2 mm diameter capillary tube. The shear stress at the
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FiG. 1. Schematic of the experimental installation.

wall, 7, and the average velocity, V, were computed
from the measured head loss and flow rate, respec-
tively. The measurements were repeated for a range
of flow rates. The data were expressed in terms of a
relation between 1, and (8¥V/D) where D is the diam-
eter of the capillary. For a Newtonian fluid (8¥V/D) is
equal to the wall shear rate. For a non-Newtonian
fluid this equality no longer holds but the quantity
(8V/D) still gives at least a qualitative indication of
the wall shear rate. The expression

TaR1%
1w/(p ”E) = Verr (2)

is called here the ‘effective’ viscosity. In Fig. 2 v is
plotted against (8V/D) and the graph illustrates the
strong dependence of the viscosity on the shear rate.
A quantity ‘#’ is next derived from the relationship
for z,, by differentiation

n = d[log (z,,))/d[log (8V'/D)]. 3

The quantity, #, represents the exponent in the power
model representation for a fluid in which the shear
stress is assumed to vary with the ath power of the
shear rate. The shear rate at the wall may then be
computed and equation (1) becomes

3n418YV
Ty =¥, [7;' 75:] @

from which the apparent dynamic viscosity n,, and
the corresponding kinematic viscosity v, = #,/p are
obtained. On the basis of this viscosity we define the
apparent Reynolds number as

Ty

T ¥

1 llllllAI 1 Illlllll

0% 10 10*
&Y (s
FiG. 2. Effective viscosity of tomato puree (normalized to
25°C).
Vd
Re, =" )
Na
and the apparent Prandtl number as
My
Pr, = T (6)

The determination of 5, was repeated for a number
of temperatures between 15 and 45°C. The tem-
perature effect could be expressed adequately at a
constant shear rate by the relation

N(T1,$0) = 1(To, o) 7= 270, ™
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The Arrhenius coefficient B was obtained from the
experiments and was found to be approximately con-
stant throughout the range of shear rates and equal
to B=2710K"".

The results shown in Fig. 2 have already been nor-
malized to 25°C using this relationship.

Viscosity measurements of this kind have been per-
formed by previous authors, and it is reassuring that
their data are very comparable to the present results
indicating that tomato purec at a given concentration
is a relatively reproducible substance. Harper and
El Sahrigi [5]. for example, reported a viscosity of
17.1x10°* m* s7' and #=0.59 for a 5.8% con-
centration, a shear rate of 500 s ' and a temperature
of 32°C. Whereas our results indicate 16.8 x 107 m*
s 'andr = 0.62a1500s 'and 25 C. The temperature
dependence found by Harper and El Sahrigi was given
by the exponential constant B = 3080 K~' which is
somewhat larger than the present result, but is still
comparable. Other studies such as that by Saravacos
{6] indicate Arrhenius coefficients for different purees
which are very close to our results.

EXPERIMENTAL ACCURACY

The overall accuracy of the installation may,
perhaps, be characterized best by the data obtained
for pure water. The friction coefficient was meuasured
over a range of Re from 107 to 10° and the results were
compared with those predicted from various generally
accepted equations. Taking the equation originally
proposed by Blasius

Cp = 0.079Re "°° 8

as representative, the present experimental data were
within + 1% of those predicted from this equation.

Heat transfer coefficients were measured for a
Prandtl number of about 5.5 and the same range of
Reynolds number as covered for the friction experi-
ments. The expression

Nu = 0.015Re""* pr"? (C)]

proposed by Kays [16] was used for comparison. The
present data were within 3 and 0% of that relation.
The experimental data are bracketed by the values
obtained from other well-known correlations such as
that by Sleicher and Rouse [17] and Petukhov [18].

The agreement of the present data with those of
previous investigations was taken as an indication
that the experimental installation would yield results
of acceptable accuracy.

The principal additional error introduced in the
experiments with the tomato puree has to do with
the measurement of the viscosity, The measurements
themselves were accurate and repeatable in the given
viscosimeter. The size of the fibers, however, may not
have been negligible compared to the diameter of the
capillary tube. As a consequence there is a possibility
that the measurements were influenced somewhat by
the size of the tube in the particular viscosimeter. The
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error, however, is estimated to be less than 10%. As
the purpose of this investigation was to provide infor-
mation on the general behavior of the fluid as well as
approximate engineering data, this type of uncertainty
is deemed to be acceptable.

A further word of caution is in order in regard to
the diameter of the test tube. For complex fluids of
the kind considered in this investigation, the com-
bination of the Reynolds number and the Prandtl
number, may not be sufficient to describe the heat
transfer and friction results. An additional parameter
involving the elastic behavior of the fluid may come
into play, which could make the results dependent on
the pipe diameter. A discussion of this aspect may be
found in ref. [19].

EXPERIMENTAL FRICTION COEFFICIENTS

In Fig. 3 the experimentally obtained friction
coefficients are shown as a function of the apparent
Reynolds number. For comparison the friction
coeflicient for a Newtonian fluid is also plotted. It is
seen that in terms of the present representation the
friction coefficient of the tomato puree solution in the
turbulent range is below that of the pure Newtonian
fluid and the test solution may, therefore, be said to
be drag reducing. The apparent Reynolds number, in
fact, seems to lend itself particularly well to defining
drag reduction which may be explained in the fol-
lowing way. (See also ref. [14].) As usual in turbulent
flow the properties at the wall are the most important
ones for describing the transport process. The appar-
ent Reynolds number, now, is based on these wall
properties, in particular the temperature and the shear
stress at the wall. If the friction coefficient, Cg, is
plotted as a function of this apparent Reynolds num-
ber Re,, therefore, one might expect a relationship
between C, and Re, very similar to that obtained for
the turbulent flow of a Newtonian fluid. A fluid for
which the friction coefficient falls below this line may
be called “drag reducing’, and this reduction is usually
ascribed to viscoelasticity or a similar mechanism
which interferes with the turbulent motion. In this
sense the tomato puree was called drag reducing. As
an example of a strongly non-Newtonian fluid that is
not drag reducing, a slurry of 5% bentonite in water
may be taken. The data for that fluid [20] are also
shown in Fig. 3, and it is seen that the curve closely
matches that for a Newtonian fluid. In the laminar
range the line defined by the measured friction
coefficient is parallel to that for a pure Newtonian
fluid, but well above the Newtonian value. The two
lines are not expected to coincide, as even a fluid
following the power law model exactly would lead to
a difference. For the magnitude of the exponent n
applicable to the present fluids, this factor, however,
accounts for only a part of the difference and the
remainder is probably attributable to deviations of
the actual velocity profile from that of a simple ‘power
law’ fluid. Tt should also be noted that the break in the
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FiG. 3. Friction coefficient vs apparent Reynolds number:

O, points for tomato puree; A, points for a 5% bentonite

solution, shown for comparison ; ~——, data for a Newtonian

fluid. (The bentonite data closely follow the line for the
Newtonian fluid.)

curve indicating transition to turbulent flow occurs at
a Reynolds number of approximately 7000 compared
to values of about 2000 which are usually quoted for
Newtonian fluids.

HEAT TRANSFER RESULTS

The heat transfer results are first presented in Fig. 4
as Nusselt numbers vs the apparent Reynolds number.
The experiments cover a range of Pr, from about 15
to 70 and Pr, is different for each experimental point.
A corresponding line for a Newtonian fluid (taking
into account a corresponding variation in Pr,) is
also shown. A reduction in heat transfer coeflicient
in the turbulent regime is indicated by the compari-
son of the two curves in the turbulent regime. The
data can be generalized somewhat by presenting the
Colburn number, Cy, PrZ? (which is the same as
Nu/Re, Pr}*), as a function of Re, The resulting
curve is shown in Fig. 5. Just as in Fig. 3, a change in
flow regime also seems to be in evidence and for Re,
greater than about 7000 the flow appears to be tur-
bulent. The Colburn factor for a Newtonian fluid in
turbulent flow is shown for comparison. The two lines
have similar trends, with the one for the tomato puree
again showing a certain amount of heat transfer
reduction. The Colburn factor for the tomato puree
appears to have been reduced by approximately 30%
with respect to a Newtonian fluid.

All of the results reported so far were based on
measurements taken at a station of the test section
sufficiently far downstream (x/d > 400) to ensure that
the flow was fully developed. In Fig. 6 the changes of
Nu are shown vs the distance along the test section to
illustrate the entrance effects and the degree to which
equilibrium conditions were reached at the measure-
ment stations. Each line in Fig. 6 corresponds to a
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FiG. 7. Effective viscosity of combinations of tomato puree

and polymer: T = tomato puree; T+20 and T+ 200 rep-

resent tomato puree with 20 and 200 p.p.m. of polymer,

respectively. The curves for solutions of polymer in water
are labelled 20 and 200 p.p.m.

flow of a certain combination of Re, and Pr, which
was fairly constant all along the tube. Changes in
Nu beyond x/d > 400 are certainly minor and the
measurements taken beyond this distance may well be
taken to represent equilibrium conditions. Again, a
transition regime appears to take place between

Re, = 5000 and 10000 as indicated here by changes
in the shape of the curves.

EFFECT OF POLYMER ADDITIVES

To widen the scope of our information on complex
fluids, we also investigated the effect of polymer addi-
tives on tomato puree. In previous investigations [14]
bUlullO[iS Ul pUlydLI ylaiiiiUC lIl water were lIl\/CbllgdLCU
and major reductions in friction and heat transfer
coefficients were observed over the coefficients for
pure water. In the present study. experiments were
conducted with two solutions consisting of tomato
puree (as described before) with 20 and 200 p.p.m.,
of polyacrylamide (AP273) added, respectively.

The first step in the investigation was to determine

i ermcitiae A PR PP e PR,

lIlL VISCOSILIES dilu l[l l"lg / e enecuve l\lIlUlIldLlL
viscosity is shown as a function of (8V/D). The
measurements were carried out in the same way as
described earlier. It is seen that the addition of the
polymer does not change the effective viscosity of the
tomato puree very drastically. The structure of the
puree itself seems to be the major factor in determining

this property For comparison the values of the kine-
IMNN and 0
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polyacrylamide in pure water are also shown. (The
viscosity of the 20 p.p.m. solution, incidentally, is
almost equal to that of pure water.) The Arrhenius-
type factor for correction of the temperature effect
was found to be B = 2070 K ' for modified purees.
The experimentally-obtained friction coeflicients
are shown in Fig. 8. The curve for the tomato puree
without additives is the same as that in Fn: 3. The
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F16. 8. Comparison of friction results for various com-

binations of tomato puree and polymer: T = tomato puree ;

T+ 20 and T+ 200 represent tomato puree with 20 and 200

p.p.m. of polymer. respectively. Line (P) represents data for

Newtonian fluids: Line (S) represents data for 200 p.p.m.
polymer in pure waier.

additives clearly lead to a drag reduction in the tur-
bulent flow range and it is interesting to note that the
effect of the 20 p.p.m. addition is about equivalent to
that of the 200 p.p.m.
experimental curve for a 200 p.p.m. solution in pure
water is shown by a dashed line and it is quite inter-
esting Lo notc that it coincides aimost exactly with the
data of the puree solutions with polymer additives. Tt
should be pointed out that the data for all three of the
polymer solutions fall close to the friction ‘asymptote’
defined by Virk [21]. Virk postulated that the friction
coefficient could not be reduced below this asymptote.
The present data show that the three solutions reduce
friction by almost the maximum amount predicted.
(The asymptote is not shown separately as it is so
close to the other lines.)

One should recall at this point that the rep-
resentation in Fig. 8 depends on the definition of the
apparent Reynolds number. The viscosities of the 200
p.p.m. solution in the tomato puree and in pure water
are very different as can be scen from Fig. 7. It is
through the use of Re, that the {riction results appear
to be so similar.
cation that the parameter Re, is a meaningful one for
the types of fluids discussed. In this instance it may
properly scale the interaction of the polymer with the
turbulence near the wall. This conclusion also implies
that the apparent Reynolds number was based on
acceptable measurements, which in turn may be taken
as an indication that the apparent viscosity, v,, was
indeed mcasured with good accuracy.

The heat transfer results are shown in Fig. 9, in
terms of the Colburn number, C}, Pr;'*. The fluid with
20 p.p.m. of polymer and the one with 200 p.p.m. of
polymer define two separate curves. In addition, the
curves for pure tomato, pure water and for a 200
p.p.m. pure water solution are shown for reference. It
is seen that the addition of the polymers decreascs the

heat transfer coethcient very mor‘nﬁp/\nﬂ\/ below the
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FiG. 9. Heat transfer results for various combinations of

tomato puree and polymer: T = tomato puree ([J): T+20

(A) and T+200 (O) = tomato puree with 20 and 200

p.p.m., respectively. Curve (w) represents data for pure

water, and curve (s) for a solution of 200 p.p.m. in pure
water.

values obtained for the solution without additives.
These data in turn were below those for pure water.
Incidentally, the data for the fluids containing 200
p.p.m. of polymer are very close to the values pre-
dicted by the heat transfer asymptote. This asymptote
is defined by Cho and Hartnett [15] in a manner anal-
ogous to that for the friction asymptote.

The effect of x/d on heat transfer may also be of
interest and Nu is shown as a function of Re, in Fig.
10 for the tomato puree containing 200 p.p.m. of the
polymer additive. The curves emphasize the fact that
Nu depends strongly on x/d. Many heat exchanger
tubes will have lengths of less than x/d = 300 and
the average Nussclt number for these cases will be
significantly higher than the equilibrium value.

SUMMARY AND CONCLUSIONS

There are many complex fluids which are processed
commercially or industrially on a rather large scale
and the behavior of many of these fluids cannot be
adequately described in terms of a Newtonian fluid.
Relatively little research effort has been devoted to
gain an understanding of the behavior of such fluids
in the past, but it now seems very appropriate to place
more emphasis on a systematic investigation of some
of the characteristics of these fluids. In this context
we have selected tomato puree, which is handled in
large quantities in the food industry, and we have
attempted to provide information on the heat transfer
and friction coeflicients for forced convection in a
tube. This is the kind of information that is essential
for many engineering designs and which by now is
almost taken for granted for Newtonian fluids. The
present data, hopefully, will contribute to the fund of
information on less well-behaved fluids.

Although individual data points may be of some
interest in themselves. a generalized presentation in
terms of relevant parameters is much more valuable.
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It was possible to provide such a presentation by
means of the apparent Reynolds number, Re,. The
crucial quantity required for the computation of this
parameter is the apparent viscosity, and the effect of
shear stress on this viscosity had to be determined
with great care. An apparent Prandtl number was
defined in an analogous way.

The heat transfer and friction coefficients were pre-
sented as a function of Re, and Pr,, and show that
tomato puree without additives may exhibit a sig-
nificant drag-reducing behavior in the turbulent
regime, but an increase in heat transfer coefficient in
the laminar regime. The data were obtained with a
single tube of a given size and adjustments for the
diameter effect may still have to be applied. Never-
theless, the data may serve as a guide for the design
of heat exchange equipment for certain restricted
applications. In a more general way it is hoped that
the results will alert the designer to the kind of simi-
larities and differences that may be expected for a fluid
like the tomato puree as compared to pure water.

The results obtained with the polymer additives give
an indication that small additions of such substances
might reduce even more the turbulent friction and
heat transfer characteristics of the fluids below New-
tonian values. The polymers added in the present
experiments were somewhat artifical ones. There are,
however, regular food additives or even natural food-
stuffs which have similar drag-reducing effects and it
is important for the designer to be aware of the rather
significant changes that can result from such ingredi-
ents. Furthermore, the results possibly may be
extrapolated to obtain a qualitative assessment of heat
transfer and friction coefficients for a variety of fruit
sauces and fruit purees. In each case, of course, the
apparent viscosity would first have to be determined.
We hope that the information presented will be of
some use to engineers designing equipment for the
kind of fluids that we have investigated. Perhaps more
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importantly, we also hope to have provided a frame-
work for presenting data for such fluids, and to have
encouraged other investigators to devote some of their
efforts to such messy yet nourishing fluids.
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COEFFICIENTS DE TRANSFERT DE CHALEUR ET DE FROTTEMENT POUR LA
PUREE DE TOMATE

Résumé—I1 y a un manque de données concernant les fluides traités en grande quantité et qui ne suivent
pas la loi des fluides newtoniens. La purée de tomate est un de ces fluides et on le choisit dans cette étude.
Les coefficients de transfert thermique et de frottement sont obtenus pour un domaine couvrant les
conditions usuelles et il est possible de présenter les résultats en définissant une viscosité apparente pour
calculer des nombres de Reynolds et de Prandtl. La viscosité apparente dépend du taux de cisaillement et
cet effet est pris en compte. Des expériences supplémentaires sont conduites avec de la purée de tomate
contenant des petites quantités d’additifs polyméres. Les données expérimentales sont comparées avec
celles des fluides newtoniens. Ces résultats peuvent fournir un guide & I'ingénieur confronte & la conception
d'un échangeur de chaleur pour les fluides fibreux complexes tels que la purée de tomate.

WARMEUBERGANGS- UND REIBUNGSKOEFFIZIENTEN FUR TOMATEN-PUREE

Zusammenfassung—Es besteht vermutlich ein Interesse an technischen Daten iiber Fluide, die in groBen
Mengen hergestellt werden, sich jedoch nicht wie newton’sche Fluide verhalten. Tomaten-Piiree wurde als
Vertreter derartiger Fluide in der vorliegenden Arbeit untersucht. Es wurden Wérmeiibergangs- und
Reibungskoeffizienten fiir bestimmte Versuchsbedingungen ermittelt, die in der {iblichen Form dargestellt
werden konnten : durch Einfiihren einer scheinbaren Viskositit und durch Berechnen einer Reynolds-Zahl
und einer Prandtl-Zahl in Abhingigkeit dieser scheinbaren Viskositdt. Die Abhédngigkeit der Schein-
Viskositit von der Schergeschwindigkeit wurde dabei beriicksichtigt. Es wurden zusétzlich Experimente
durchgefiihrt mit Tomaten-Piiree, das geringe Polymer-Zusitze enthielt. Die experimentell ermittelten
Wirmeiibergangs- und Reibungskoeffizienten wurden mit denen newton’scher Fluide verglichen. Es bleibt
zu hoffen, daB die Ergebnisse fiir die Auslegung von Wirmeaustauschern fiir komplexe, faserige Fluide—
wie z. B. Tomaten-Piiree—niitzlich sind.
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KO3®PULIUEHTHI TETIJIONMEPEHOCA U TPEHMA TTPU M3TOTOBINEHUH TOMATHOTI'O
MIOPE

Asmoramus—B Hacrosilee BpeMs HMeEeTC# HACTOATE/]bHAas HEOOXOAHMOCTL B HAKOIUICHHHM AAHHBIX O
TEXHHYECKMX XapaKTePHCTHKAX Cpell, KOTOphIE He IOAYHHAIOTCA 3aKOHAM HBIOTOHOBCKHX JXHIKOCTEH H
HM3roTapiMBalOTCA B GONBIIMX KonmyecTBax. OnHOM M3 TakMxX cpel ABIseTCd TOMaTHOEe mope. OHO u
ABHJIOCh OOBEKTOM NAHHOTO HecnenoBaHHs. OnpeneseHsl Ko3GUIHEHTH TEIUIOOOMEHa H TPEHHst JUIS
Auana3oHa pa6ounx yciopmii. PesynbTaThl npenctaBiieHb! B OOBIMHOM BHZAE C MCHOJIb3OBAHHEM KaXy-
1edcs BA3KOCTH U 4ucen Peitnonbaca u [IpaHATAS, NOCTPOEHHBIX HA 3TO# BA3KOCTH. BA3KOCTH 3aBHCHT
OT HaNpsXXEHHS CABHTa, YTO YYHTHIBAJIOCH NPH pacdeTax. JONOJIHATENbHBIE KCIEPAMEHTHI ObLNM npo-
BeleHbl C TOMATHBIM MIOpE, colepXailieM Hebonblune nosmMepHsie nobasku. Mameperusie ko3ddu-
LMEHTH! TEIUIONEPEHOCA M TPEHHS CPaBHHUBAJIMCH CO 3HAYEHHAMH Ui HBIOTOHOBCKHX JKHIKOCTEH.
BriosiHe BO3MOXHO, YTO pe3yJibTaThl pabOThI OKaXyTCSA NOJIE3HBIMH MPH NPOEKTUPOBAHUH TEILIOOOMEH-
HOro 060opynOBaHUA JUTA TAKHX CJIOKHBIX BOJIOKHHCTHIX CPell, KaKOH ABIISETCH TOMATHOE MIOPE.
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