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Abstract The effects of viscous dissipation and pressure work are examined theoretically for laminar free 
convection loops. The appropriate governing equations are derived. Whereas previous work has considered 
only dissipation effects, the present paper shows that dissipation and pressure work effects are of comparable 
magnitude and must be considered together. Analytical solutions are presented for several open and closed 
loops. Both constant flux and constant temperature heatingconditionsareexamined. Viscous dissipation and 
pressure work effects are found to have opposing influences on the Row in a loop. The former can enhance a 

flow for certain heating orientations, but the latter is usually dominant and retards a flow. 

NOMENCLATURE 

vertical dimension of the loop; 
inertia parameter, flgAT*/bF* ; 
specific heat ; 
diameter of the loop cross section ; 
dissipation parameter, ji’gb/c,; 

friction coefficient (i.e. for Poiseuille flow 
32v/d2) ; 
acceleration of gravity; 
heat addition at the loop wall expressed per 
unit length and per unit internal cross 
sectional area ; 
heat transfer coefficient ; 
dimensionless heat transfer coefficient, 
4Fhb/dp&~gAT* ; 
total length of the loop; 
pressure ; 
pressure perturbation from adiabatic state; 
heat flux per unit area of loop wall ; 
coordinate along the loop; 
time ; 
temperature; 
temperature difference characteristic of 
heating and cooling conditions ; 
velocity. 

Greek symbols 

IN A FREE convection loop, fluid is circulated by simply 
heating or cooling various sections of the loop. Free 
convection loops arise in many geophysical and 
technical applications [l, 23. The prediction of fluid 
circulation rates is a topic of considerable interest. The 
present paper examines the effects of both viscous 
dissipation and pressure work on the performance of 
free convection loops. 

thermal expansion coefficient ; Prior studies of free convection loops have 
Gruneisen parameter, p/po*cpx ; concentrated on the starting transients, the steady state 
length scale appropriate for viscous effects; motion, and the stability of the steady state motion. 
temperature perturbation from adiabatic Welander [3] analyzed the stability of a closed loop 
state ; consisting of two vertical, adiabatic legs. A point heat 
dynamic viscosity ; source connected the legs at the bottom, and a point 
kinematic viscosity ; heat sink connected the legs at the top. Crevehng et al. 
density ; [4] considered a toroidal loop and carried out analyses 
proportionality parameter in Q, = bu2 ; and confirming experiments. Bau and Torrance [S] 

@, dissipation function (i.e. for Poiseuille flow 

32pu*‘/d’); 

w cosine ofangle between vertical and local flow 

direction ; 

Y .) isothermal compressibility. 

Special symbol 

D/Dt, substantial derivative, d/h + ud/ds. 

Superscript 

* dimensional quantity. 

Subscript 

a 

0: 

adiabatic rest state ; 
reference condition. 

1. INTRODUtXION 

727 



72x HAIM H. BAII and K. E. TOKKANCE 

examined the start up and stability ofan open loop. The 
foregoing analyses cmpioyed I-dim. heat balances for 
the fluid in the loop. The rate of change of convected 
enthalpy was balanced by the rate of heating or cooling 
at the loop walls. Viscous dissipation and pressure 
work were not included. 

Severalstudies haveconsidered the influenceofstress 
work on free convection flows. Viscous dissipation 
(without pressure work) was considered in the natural 
convection boundary layer adjacent to a heated vertical 

plate by Gebhart [6] and Gebhart and Mollendorf[7]. 
Pressure work was considered by Kuiken [g]. For this 
cxtcrnal natural convection flow, pressure work is 
always more important than viscous dissipation for 
gases 18, Y] and at least as important for liquids [YJ. 
Thus, when viscous dissipation is considered, pressure 
work must be included. Similar results have been 
obtained for natural convection flows in general [IO], 
and for Bttnard convection in particular [ 1 I]. 

The foregoing studies show that viscous dissipation 
and pressure work effects in free convection flows are 
proportional to a dissipation parameter, defined by D 
1 /j&c,,. The dissipation parameter expresses the 

ratio ofthe vertical length scale for a natural convection 
flow, h, to the vertical length scale over which stress 
work effects are important, c,/,!&. 

In a recent paper, Zvirin [12] extended the anaiyses 
of Welander [33 and Creveting et al. [4] for free 
convection loops to include viscous dissipation. 
Pressure work was neglected. Consequently, the energy 
equation yields a net production of sensible energy by 
viscous dissipation which is in violation of the first law 

of thermodynamics. 
In this paper, transport equations are derived which 

are appropriate for free convection loops when viscous 
dissipation and pressure work are present. Analytical 
solutions arc obtained and discussed for several loop 
geometries. 

The basic l-dim. equations for the conservation of 

mass, momentum and energy [ 133 for flow in a loop are 

given by 

DU* 1 c?p* 
- .- +hl*+yo = - I- .-. 
Df* p* i%* 

p*‘.p ;; -/J’j-* & = @* + ff*. 

(2) 

(3) 

All variables are averaged over the flow cross section 
and are defined in the Nomenclature. The asterisks 
denote dimensional quantities. The same variables 
without asterisks will later be nondimensional. The 
state equation is expressed in the linearized form 

where the subscript 0 denotes a reference condition. 
The foregoing equations will be applied to a loop OI 
length t and vertical height h. 

The momentum equation (2) expresses a balance 
between inertia, friction, buoyancy, and pressure forces. 
The parameter b’ represents the loop friction per umt 
Icngth. For Poiseuille flow in a circular tube ofdiamctct 
d, E‘ = 3&,&i’. For turbulent flow, Fdepends on tt+. The 
present analysis is restricted to laminar flow. In the 
body force term, 01 denotes the uosinc of the angle 
between the vertical and the local flow direction (or 
direction of s). In the energy equation (3), axial heat 
conduction has been neglected. The term @* is the 

viscous dissipation function. For Poiscuille llow tn ;i 
circular tube, @* = 32,uu*‘,Q’. The term If* is the heat 
addition at the tube wall expressed per unit length and 
per unit internal cross sectional area. For example. if ;I 
heat flux q* is supplied per unit area of the tube uall. 
then t-f* = 4y*!d. 

In the absence of convection and heat addition an 
adiabatic rest state (denoted by the subscript a) can he 
defined in the following manner : 

di’: 
= - /‘.*1](1,, 

dK,+ 

-d.s* 
/jI/.1,* (,,. 

ds* z - (.,, 

(51 

The actual state will be considered as a perturbation of 
this base state. 

Scaling quantities may be obtained with heuristic 
reasoning. Let the total variation of temperature along 
the loop be given by AT*. Then 

T* - 7;’ . A?‘* 

From equations (2) and (4). it follows that 

u* - /hgAT*:F 

and 
p*-P: -_ ~j~~~A~.*b 

In steady state free convection flows the buoyancy is 
balanced by a viscous force. hence 

where 6 is a length scale appropriate to viscous effects, 
The viscous dissipation (@*) is proportional to the 
viscosity and the square of the veiocity gradient. Thus 

a* - /.&*i# - p$~/lAh’*)~;F’. 

Later, the symbol A7’* will be used to denote a 

temperature difference characteristic of the imposed 
heating and cooling conditions. Therefore, a set of 
nondimensional quantities may be defined in the 
following manner: 
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P*-P.’ 
@= 

F 

’ = j&A7-*h’ M&YA~*)~ 
@*, 

bF 
4 = &&@7-*f2 H*. (@ 

Subtracting the adiabatic state equation in equation 
(5) from equation (4), a state equation is obtained in 
which nondimensional parameters appear, 

P’~=(@T*)(-@+;~). (7) 

In this expression, D = ~gb/c~ is the dissipation 
parameter and 7 = p/p$cpx is known as the Gruneisen 
parameter [14]. By integrating equation (5), it may be 
shown that the adiabatic density satisfies 

in most cases of practical interest 7 = U(l) and 
D 4 1. Consequently one may neglect the pressure 
dependence in equation (7) and may assume that p: 
+ p$ in equation (8). Employing equation (6) and 
expanding the adiabatic rest state, the following are 
obtained from equations (1 H3) : 

00) 

(11) 

where B = /?gAT*/bF2 is an inertial parameter and 
quantities of OWA T*) and higher order terms in D have 
been neglected. We have assumed that the viscous 
dissipation function (@) is proportional to the square of 
the mean velocity (@ = +u2). This is exactly true for 
Poiseuille flow, where in the present notation 4 = 1. 

Equations (9)-( I 1) differ from the usual Boussinesq 
equations applied in loop calculations [3-S] by the 
presenceofthe thr~additional termsinvoI~ngDin the 
energy equation. The first two terms respectively 
represent hydrostatic and dynamic pressure work. The 
third term is due to viscous dissipation. We emphasize 
that all three terms are of the same order in D. In the 
limit D -+ 0, equation (11) approaches the familiar I- 
dim. energy equation used in refs. [S-S]. For finite 
values of D, all three terms must be retained to treat 
dissipation effects correctly. 

Typically,fi7;* + I for gases and pG* << 1 for liquids. 
The present analysis is restricted to liquids; hence, the 
terms containing the group /I&* can be neglected. The 
analysis is also restricted to closed loops or to open 
loops with no pressure difference between inlet and 
outlet. Applying the above assumptions and integrat- 
ing equation (10) around a loop, one obtains, 

u = u(t), (12) 

&A 1 

Bl+“=(g-j &.I ds, (13) 

DO 

Dr 
+ Du0c.i = D&2 +q. (14) 

Under steady state conditions equations (12) (14) 
become 

(15) 

(16) 

For the case of a closed foop, the temperature is 
continuous. Integration of the energy equation (16) 
around the loop yields 

Du 
i 

00 ds = D#(L/b)u’+ q ds. 
I 

(17) 

The last term on the R HS is zero since the heat added to 
the loop must equal the heat removed. The result is an 
integral equality between the dissipation term and the 
remaining pressure work term. That is, the two effects 
must balance at steady state. Note also that this 
equality isa kineticenergy equation. After dividing by u 
and comparing with the momentum equation (15), we 
see that b, = 1. That is, Q, is not an independent 
parameter as assumed by Zvirin [12]. Similar results 
can be obtained for an open loop. 

The foregoing result has some important con- 
sequences. Although it appears at first that equations 
(15)and(I6)representacoupledsetforuand0(s),infact, 
equation (15) can be recovered from equation (16). 
Thus, it is sufficient to obtain a solution of the energy 
equation (16). 

3. ILLUSTRATIVE SOLUTIONS 

Steady state Bows in free convection loops are 
considered in this section. Specific attention is given to 
viscous dissipation and pressure work effects which are 
expressed in terms of the dissipation parameter D. 
Seven different loop geometries are examined (Tables 1 
and 2). Resultsare presented in terms offlow rates(Figs. 
I-3)and tem~raturedistributions(Figs. 4and 5)in the 
loops. 

Two types of loops are examined. Loops 1, II and VI 
(Tables 1 and 2) are open loops which are each 
connected at the top to an isothermal reservoir. The 
inlet and outlet pressures areequal. Loops III, IV, V and 
VII are closed loops. All loops lie in a vertical ptane and 
consist of connected sequences of straight pipes. The 
pipe segments are of unit length (dimensional length b). 
Fluid circulates in a counterclockwise sense. 

The loops illustrated in Table 1 have constant flux 
heaters in the bottom leg or in the ascending leg. 
Positive vaiues of q* (dimensional) or q (nondimen- 
sional) denote heat addition. In the open loops, heat 
removal is accomplished by the reservoirs. The 
reservoirs are at the adiabatic fluid temperature, Ta*(b), 
appropriate for the top of the loop. In the closed loops, 
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Table 1. Fluid velocities in loops with constant flux heating and cooling 

I--I-- STEADY STATE VELOCITY SQUARED, u2 
LOOP 1 GEOMETRY iz----------, D _-. 

heat removal is accomplished at a rate -q* by a 
constant flux process. This is assumed for simplicity but 
is not, of course, generally practical. The remaining 

loop segments are adiabatic. 
The loops shown in Table 2 differ in that they have 

constant temperature heaters and coolers. Heat 
transfer to the circulating fluid is assumed to be given by 
q* = h(T,* - T,*) where h is a heat transfer coefficient, 
T,* is the tube wall temperature (assumed constant), and 
Tr* is the local mean fluid temperature. The heater wall 
temperature is T,*(O) + AT* and the cooler wall 
temperature (in loop VII) is T,*(b) -AT*. The first term 
in these expressions is the local adiabatic temperature 
and the second term is the imposed temperature 
difference relative to adiabatic. The dimensionless heat 
flux becomes 

q = k(l -0) in a heater 

4 = - k( 1 + Q) in a cooler 
(18) 

where k = 4Fhb/d&c$gAT* is a dimensionless heat 
transfer coefficient. 

The loops shown in Tables 1 and 2 allow various 
heating and cooling arrangements to be studied and 
compared. The simple geometries lead to closed form 
analytical solutions of equations (15) and (16). 
Solutions are tabulated in Tables 1 and 2. The 

tabulations include the general solution (third column) 
and first order approximations in the limits of D Q 1 
(fourth column) and D + co (fifth column). The limit D 
-+ 00 must be regarded as purely illustrative since it is 
beyond the limit of applicability of the approximate 
governing equations. In Table 1, results aregiven for the 
square of the steady state loop velocity, u2. In Table 2, 
solutions are given in terms of u, which appears 
implicitly with k and D as parameters. In the columns 
labeled D -+ 0 in Tables 1 and 2, the coefficient of the 
term in parentheses is the steady state solution in the 
absence of stress work effects (i.e. D = 0). 

Table 2. Fluid velocities in loops with constant temperature heating and cooling 

~ LOOP 
I STEAOY STATE VELOCITY. u 

k(l-9) 
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FIG. 1. Ratio offluid velocity with dissipation to fluid velocity without dissipation for loops with constant flux 
heating and cooling. Loops I and II are open loops; the others are closed loops. 

001 01 1.0 10.0 
cl 

FIG. 2. Ratio of fluid velocity with dissipation to fluid velocity without dissipation for open loop VI. Constant 
temperature heating; k is a dimensionless internal heat transfer coefficient. 
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10.0 1000 

F1c.3. Ratiooffluidvelocitywithdissipation tofluidvelocitywithoutdissipationforclosedloopVII.Constant 
temperature heating and cooling; k is a dimensionless internal heat transfer coefficient. 
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In the limit ofno dissipation, D = 0, there are several 
points to be observed. For constant flux heating in 
Table 1, the largest velocities in a given type of loop 
occur with bottom heating and top cooling (loops I and 
III). Smaller velocities are obtained when heating or 
cooling is applied to a vertical leg (loops II, IV and V) ; 
results for loops IV and V are identical. 

For D = 0 and a given geometry of heat addition, 
values of uz in the closed and open loops are in the ratio 
3 : 4. This is the inverse ratio of the piping resistance in 
the two loops. The foregoing observations are generally 
similar to the trends for D = 0 and constant 
temperature heating in Table 2. 

The analytical solutions for intermediate values of D 
are graphed in Fig. 1 for constanr flux heating and in 
Figs. 2 and 3 for constant temperature heating. In these 
figures, the ordinate is the fluid velocity normalized by 
the velocity without dissipation (D = 0). Clearly a wide 

spectrum of behavior is apparent. To understand this 
behavior, it will be helpful to examine in detail the 
buoyancy generation processes within the loops. 
Buoyancy is. of course, infiuenced by viscous 
dissipation, pressure work, and the heating and cooling 
arrangement. Open loops are considered first, followed 

by closed loops. 
Representative temperature distributions are shown 

in Fig. 4 for an open loop (loop I) with constant flux 
heating. The abscissa is the distance coordinate 
measured counterclockwise from the upper left corner 
of the loop. The ordinate is the fluid temperature 
expressed as O(S)/~‘~~. The inlet temperature is the 
reservoir temperature 0 = 0. The temperature distri- 
butions may be interpreted with the aid of the fluid 
energy equation (16). For D = 0, the fluid temperature 
increases linearly across the heater while the vertical 

legs are isothermal. The buoyant drive is found by 

ZOC 

8 - 
ql/* 

1.0 1 , 

FIG. 4. Temperature distribution around loop I for various 
values of the dissipation parameter D. 

integrating the temperature difference between the 
vertical legs over the height of the loop [equation (IS)]. 

For D > 0, viscous dissipation and pressure work 
both become important. Viscous dissipation causes the 
fluid temperature to increase linearly with s. This may 
be seen by integrating the first and third terms in 
equation (16) to obtain the component due to viscous 
dissipation : 0 = Dus. Thus, viscous heating always 
enhances the buoyant drive in an open loop and leads to 
an increase of the fluid velocity as seen in Fig. 1 for loops 

I and II. Other values of u(D)/u(D = 0) above unity in 
Figs. 1- 3 can be attributed to this effect, 

The pressure work term, on the other hand, depends 
on the magnitude of the temperature 0 and always leads 
to an exponential increase of fluid temperature in the 
descending leg [the term DuNtu in equation (16) is 

negative] and to an exponential decrease of 
temperature in the ascendingleg(DuQo, is positive). As a 
result of pressure work, descending fluid tends to get 
warmer and ascending fluid cooler. This reduces the 
buoyant drive and leads to curvature in the 
temperature profiles in Fig. 4 in the regions 0 < s d I 
and 2 d s < 3. Pressure work has no influence in the 
horizontal leg (or legs). The actual reduction of the 
buoyant drive varies from loop to loop, since the 
temperature U appearing in the pressure work term is a 
function of the heating and cooling arrangements in 
each loop. Nevertheless, the pressure work term tends 
to counter the buoyancy production by viscous 
dissipation (which increases with D). This leads to the 
decay and asymptotic behavior of u(D)p(D = 0) at 
large D in Figs. 1 and 3. The decay at large D in Fig. 2 is a 
result of both pressure work and reduced heat transfer, 
as we shall see next. 

For the case of an open loop with a constant 
temperature heater, as in loop VI in Table 2, viscous 
dissipation and pressure work effects also oppose one 
another. However, in this loop an additional factor 
arises which further reduces the buoyant drive. Viscous 
heating increases the fluid temperature at the inlet to 
the heater. Since the heater effectiveness depends on the 
fluid-to-wall temperature difference, the heat transfer is 
reduced. In turn, this reduces the buoyant drive and 
leadsto thedecayofthevelocityinFig.2.Thiscontrasts 
withtheasymptoticvaluesof(3/2)“2 and 3”2forl~opsI 
andIIinFig. 1 asD+x. 

The behavior of closed loops is considered next. 
Closed loop velocities are given in Fig. 1 for constant 
flux heating (loops III, IV, and V) and in Fig. 5 for 
constant temperature heating (loop VII). 

Representative temperature distributions for loop III 
are shown in Fig. 5. Without loss of generality, the loop 
temperatures at s = 0 have been scaled to 0 = 0. The 
temperature distributions from s = 0 to s = 3 are quite 
similar to the open loop results in Fig. 4. In contrast 
with the open loop, however, the temperature in the 
closed loop changes smoothly from s = 34 as a result 
of the external cooling. Scaled temperatures in the 
closed loop are generally slightly higher than in the 
open loop. This is a consequence of the lower fluid 
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FE. 5. Temperaturedistributionsaround loop III for various values of the dissipation parameter D 

velocities caused by the added frictional resistance of 

the upper segment. Stress work effects in a closed loop 
are similar to those in an open loop. That is, the effects of 
viscous heating are countered by the effects of pressure 
work. In a closed loop, viscous dissipation is greater by 
the heating produced in the upper leg. In addition, since 
the fluid circulates continuously,dissipation leads to an 
increase in the average temperature ofthe loop. In turn, 
higher local temperatures tend to increase the 
magnitude of the pressure work effect. 

Flow rates in the closed loops are due to buoyancy 
production by the heating arrangement, dissipation, 
and pressure work. Velocities in loop III in Fig. 1 are 
damped primarily by the temperature-enhanced 
pressure work effect. Moving the heater to the 
ascending leg, as in loop IV in Fig. 1, lowers the mean 
temperaturein thelegand thus theinfluenceofpressure 
work. Consequently, velocities in loop IVareenhanced 
over an intermediate range of D. Moving the cooler to 
the ascending leg, as in loop V, means that the leg 
temperature remains high only by virtue of the 
upstream heater. Pressure work effectively lowers the 
fiow velocity. As D --) 5, the velocities of ah three 
closed loops in Fig. I approach zero. 

Results for a closed loop with constant temperature 
heaters are shown in Fig. 3. Again, stress work effects 
may accelerate or decelerate the flow, and the effect 
depends on the heat transfer coefficient k. In all cases, 
the flow slows down for large values of D. 

4. DISCUSSION 

The previous section describes iaminar steady state 
flows in several free convection loops when stress work 
effects are important. The rest&s indicate that 
whenever viscous dissipation is included, pressure 
work must also be included. The stress work effects 
depend on the magnitude of the dissipation parameter 
D. 

The buoyant drive in a loop is influenced by viscous 
dissipation, pressure work, and the arrangement and 
type of heaters and coolers. In general, viscous 
dissipation tends to increase the buoyant drive. This is 
countered by pressure work, which always tends to 
reduce the buoyant drive. The two effects compete. 
When dissipation dominates the loop velocity can be 
increased. This occurs over limited parameter ranges. 
When pressure work dominates, as it usually does, the 
loop vefocity is retarded. The two stress work effects 
depend on the heating arrangements and can yield a 
wide variety of flow behaviors as D is increased. 

Certain special cases may be noted. Viscous 
dissipation in an open loop always enhances the 
buoyant drive. In constant temperature heaters, it can 
interfere with the heat transfer and slow down the Bow. 
In closed loops, dissipation tends to increase the mean 
temperature of the loop. The pressure work effect 
depends on the local fluid temperature. Thus, this 
process is strongly influenced by dissipation and by the 
location of heaters and coolers. Flow rates can change 
dramatically when heaters and coolers are moved. The 
tem~raturedependence of the pressure work is often 
the dominant influence on the resulting Rows. 

Stress work elfects are important in free convection 
loops only under very exceptional circumstances. 
Values of the dissipation parameter D = ,8gb/c, for 
liquids under typical ambient conditions and normal 
gravity, and with a vertical length scale ofb = 1 m, are : 
water, 0.4 x 10- 6; glycerin, 2 x lo- 6; mercury, 13 
x 10-6; and carbon dioxide, 75 x fOe6. From our 
results, D must be greater than 10M2 to cause a I”/, 
change in loop velocities. Such values are achieved only 
in strong gravity fields or for length scales of 
geophysical dimensions. 

The present work highlights some interesting facts, 
The energy equation (16) really contains two balances. 
When integrated around a free convection loop, one 
balancesays that thesensible heat added must equal the 
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sensible heat removed. For a closed loop the 
impiicat~ons are obvious. From equation (17) there 
results 

,- 

+ 
y ds = 0. 

L 

For an open loop. the heat discharged must equal the 
heat added. Thus. in Fig. 4, the loop discharge 
tempe~ture decreases as u increases since the product 
u0 at exit is a constant. The second balance obtained 
from integrating equation (16) around a loop is 

r 
Du 

+ 
Or!, ds = D(L,&)u’. (19) 

This states that the pressure work done on the fluid 
must exactly balance the heat produced by viscous 
dissipation. Failure to include the pressure work term 
can lead to an erroneous buoyancy production and to a 
net production of energy when viscous dissipation is 
added to a natural convection ilow [6, 7. 123. 
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EFFE:TS DE LA DISSIPATION VISQUEUSE ET Dli TRAVAIL DE PRESSION DANS LL’S 
BOUCLES A CONVECTION NATIJRELLE 

RbumG On examine theoriquement les effets de la dissipation visqucuse ct du travail de presston darts les 
ho&es de convection naturelle laminaire. On etablit ies equalions de base. Alors que les lravaux anterieurs 
n’ont consider& que les effets de la dissipation, ie texte present montre que Its effets de la dissipation et du 
travail de pression sont d’ordre de grandeur comparable et doivent Otre consider& ensemble. Des solutions 
analytiques sent prtsenttes pour quelques boucles ouvertes ou fermees. On examine des conditions de 
chauffage a flux constants et a temperature constante. La dissipation visqueusc et le travail de prrssion ant des 
eliets d’influences oppostes sur l’ecoulement dans la boucle. Le dernier peut favoriser I’&coulcment pour 

certaines orientations de chaulTage, mais le premier est usuellement dominant et il retarde I’ecoulement. 

EfNl’I.I:SS DER VISKGSFN DISSIPATION CND DER DR~JCKARB~IT IN KR~ISl..~~~~EN 
MIT FREIER KONVEKTION 

Znsammenfassung -Es wurde der EinRuB der viskosen Dissipation und der Druckarbeit in Kretsbiufen mit 
laminarcr Stromung und freier Konvektion theoretisch untersucht. Die zugehorigen crfordcrlichen 
Eestimmungsgleichungen werden hergeleitet. Im Gegensatz zu friiheren Arbeiten. welchc nur 
Dissinationseffekte beriicksichtigten, zeigt die vorlieaende Arbeit, dal.3 der Einllul? der Dissipation und dcr 
Druckarbeit von gleicher GriiDe~ordnu~g sind und &mmen betrachtet werden mussen. Fur cinige otTene 
und geschlossene Kreislaufe werden analytische Losungen angegeben. Dabei werden sowohl die Bedingungen 
der Beheizung bei konstanter W~rmestromdichte als such bei konstanter Temperatur untersuch!. Es slellt 
sich heraus,daBdie viskose Dissipation und die Druckarbeit Einfliisse von entgegengesetzter Tendenz aufdie 
Strtimungim Krcislaufhaben. Die viskose Dissipation kann die Stromung bei bestimmten Anordnungen der 

Beheizung beschleunigen, wogegen die Druckarheit gewohnlich uberwiegt und die Stromung verziigert. 


