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Abstract-Convective heat transfer of longitudinal laminar droplet Row in the thermal entrance region of 
tube bundles is analyzed for constant wall temperature and constant heat flux conditions, respectively. The 
tube bundle geometry is taken into consideration baaed on the free-surface model. The saturated droplets 
in the superheated vapor stream are considered as distributed heat sinks. Calculations are performed for 
the variations of droplet size, vapor velocity, dropie.t number density and the local Nusselt number in the 
streamwise direction until the single-phase fuiiy-developed condition is reached. The effects of different 

goveming parameters on the heat transfer results are studied. 

1. INtRODUCTlON 

SPRAY COOLING heat transfer has received con- 
siderable attention because of its wide applications, 
such as in the metallurgical industry, nuclear safety 
analysis and cooling design of su~~ornpu~~. In 
particular, spray cooling has been recognized as one 
of the important emergency core cooling systems for 
Boiling Water Reactors during the loss-of-coolant 
accident. In the emergency spray cooling process, 
water droplets are injected into the superheated vapor 
stream in the bundle to cool the hot core and prevent 
the fuel rods from melt down before the reflood 
quench front arrives. The presence of saturated drop- 
lets in the superheated vapor stream augments the 
vapor heat transfer from the hot rod surface. In 
addition, the droplets evaporate and generate satu- 
rated vapor, therefore accelerating the vapor stream. 

A general approach has been used to study droplet 
flow in tube bundles [l] by regarding the droplets as 
equivalent heat sinks distributed in the vapor stream. 
Sun et of. f l] studied the fully-develop laminar drop 
let Bow heat transfer by assuming a uniform vapor 
velocity profile and a zero axial temperature gradient 
of the vapor. The tube bundle was treated as a system 
of parallel subchannels, where each channel represents 
a unit cell. The subchannel was then characterized by 
a circular pipe with the same hydraulic diameter. Their 
analysis was extended for the parabolic velocity pro- 
file by Dix and Anderson 14. Wong and Hochreiter 
13) further analyzed the heat transfer results for three 
different geometries with the same hydraulic diam- 
eter-an infinite square array of cylindrical rods, an 
annulus and a circular pipe. They concluded that the 
results for the equivalent annulus and the rod bundles 
agree well, and the circular pipe is in general a poor 
approximation for rod bundle geometries. Although 
the heat transfer characteristics of the fully-developed 
droplet IIow are well understood, relatively little infor- 

mation is known for droplet Bow in the thermal 
entrance region of the bundles. 

The heat sink concept has been successfully adopted 
by Yao and Rane [4-6] for predicting the laminar 
droplet flow heat transfer in the thermal entrance 
region of a circular tube. The diminishing of droplet 
size, the increase of vapor velocity and the dilution of 
droplet number density along the tube were con- 
sidered in their studies. The effects of dimensionless 
parameters such as the liquid loading, heat sink and 
wall superheated on the droplet tlow heat transfer 
were also discussed. It was concluded that the classical 
laminar vapor flow heat transfer is a special case of 
the laminar droplet flow heat transfer phenomena. 

In analyzing single-phase, longitudinal laminar 
flow in tube bundles, Happel [q has developed a sim- 
ple ‘free-surface model’ for predicting the complicated 
hydrodynamic behavior in different bundle geo- 
metries. This model reduces the complex problem of 
the multicylinder assemblage by considering an equi- 
valent concentric cylindrical cell around a cylinder. 
The interaction of a ~~icular cylinder with its neigh- 
bors is represented by this cylindrical cell. The hypo- 
thetical fluid cell is assumed to have zero shear stress 
at its outer surface. The fluid-to-cylinder volume ratio 
in the entire assemblage is preserved in this cell. The 
free-surface model was further extended by Hwang 
and Yao [8] for predicting the convective heat transfer 
to crossflow in tube bundles. Generally speaking, a 
detailed finite difference solution within a channel 
formed by adjacent tubes in a bundle is more reliable 
but more difficult since azimuthal variations in vapor 
velocity and temperature are introduced. Conse- 
quently, tremendous computing time is required for 
such a three-dimensional approach. On the other 
hand, because of the close resemblance in geometric 
configurations and boundary conditions, the free-sur- 
face model (or equivalent annulus approach) appears 
to be a good appro~mation for tube bundle geometry 
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NOMENCLATURE 

liquid loading parameter, defined in 
equation (14) 
wall superheat parameter, defined in 
equations (26) and (27) 
specific heat of vapor 
dimensionless droplet diameter, d/do 

droplet diameter 
droplet diameter at thermal entrance 
(“V = 0) 
heat transfer coefficient for evaporating 
droplets 
latent heat of evaporation 
heat transfer coefficient of non- 
evaporating dropIet or solid sphere 
with diameter of d, 2k/d 

heat transfer coefficient of non- 
evaporating droplet or solid sphere 
with diameter of d,,, 2kldo 
thermal conductivity of vapor 
droplet number density (number of 
droplets per unit volume) 
droplet number density at thermat 
entrance 
local Nusselt number, defined by 
equations (30) and (3 1) 
Prandtl number of vapor, PC&k 

horizontal pitch of tube bundles 
vertical pitch of tube bundles 
dimensionless local heat flux at the wall, 
de&ted in equation (32) 
heat fiux at the wall 
dimensionless radial position, r/r0 
dimensionless radius of unit cell, r*/ro 

Reynolds number for vapor, 2 Voro/v 
radial position 
radius of tube 

r* 
S 

2” 

T, 
I; 
TW 
V 

vo 
VX 

v 
.v 
x 

=0 

radius of unit cell 
heat sink parameter, defined in equation 

(19) 
temperature of vapor 
bulk mean temperature of vapor 
saturated temperature 
wail temperature 
mean vapor velocity 
mean vapor velocity at thermal entrance 
mean vapor velocity as droplets evaporate 
completely 
vapor velocity 
axial position in thermal entrance region 
dimensionI~s axial position. 
(?r/ro)/( Re - Pr) 
flow quality at thermal entrance. 

Greek symbols 
vapor void fraction at .\: = 0 
ratio of the cell radius to the tube radius, 

r*iro 
constant 
porosity of tube bundles, defined in 
equation (lc) 
dimensionless vapor temperature, defined 
in equations (16) and (17) 
dimensionless vapor bulk mean 
temperature 
dimensionIess wall tem~rature 
parameter of tube bundles. defined in 
equation (3) 
dynamic viscosity of vapor 
kinematic viscosity of vapor 
liquid density 
vapor density. 

1 

when the pitch-to-tube diameter ratio is large 

13, 7, 81. 
tpt+ 

The present analysis adopts the free-surface model 
yoopo 0 tu 01 

[7] and Yao’s heat sink approach [4-6] to study the 2o@b 0 o,_--.,o* -+ 

convective heat transfer of longitudinal laminar drop- 0 i@? 0 

let ilow in the thermal entrance region of tube bundIes. 0000 o’---‘0 

0000 0 0 o+ 

2. MODEL AND FORMULATiON [al Intine (b) Staggered 

Figure 1 shows the typical staggered array and in- 
line array tube bundles with the droplet flow in the 

Fit. I. Typical layout of tube bundles. 

longitudinal direction, where P,, and P, are the hori- 
zontal and vertical pitch in the bundles, respectively. Fig. 2(a). The unit cell radius r* in the free-surface 
With the use of the free-surface modef, the hydro- model is related to bundle pitches Ph and P, as 
dynamics in tube bundles can be analyzed on a tube 
which has a radius r. surrounded by a cytindrical cell 
of fluid with a free surface at radius r*, as shown in 

(la) 
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FIG. 2. 
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Schematic of droplet flow heat transfer in the thermal entrance region of tube bundles. 

The porosity of a tube bundle e can also be related to 
the bundle pitches as 

(lb) 

The ratio of the cell radius to the tube radius, /3, can 
be related to the porosity E of the bundle as 

w 

By neglecting the circumferential variation, the fully 
developed vapor velocity distribution in the cylin- 
drical unit cell can be approximated as 

v’= gin(k)- a[(:]-l]}: (2) 

where V is the mean vapor velocity which will vary 
along the stream due to the vapor generation from 
droplets in the present study, and 

A= 
B’ In B I I 2(8’ -i{3/P- 1) (3) 

is a parameter of tube bundles in terms of bundle 
porosity e. It is interesting to note that the velocity 
profile in equation (2) depends only on bundle 
porosity E instead of the details of bundle geometry, 
because of the application of the free-surface model. 
It has been reported [7j that the free-surface is not 
applicable for a bundle porosity lower than 0.5, which 
corresponds to a pitch-to-tube diameter ratio of 1.25. 
For close-packing bundles, the interaction of the sur- 
rounding tubes on the hydrodynamic behavior of the 
flow becomes important and the circumferential vari- 
ation of vapor velocity cannot be neglected. Modi- 
fications of equation (2) will be needed as the tube 
spacing becomes smaller. These restrictions of the 
free-surface model are also applicable to the present 
analysis. 

In this paper, an analysis is performed for droplet 
flow in the thermal entrance region of tube bundles 
with the following assumptions. 

_(l) Fluid properties are constant and the vapor 
velocity profile is fully-developed. 

(2) Flow quality is high (z,, > 0.5) so that droplets 
travel at the same velocity as the vapor and the 
momentum of droplets has no influence on the vapor 
velocity profile. 

(3) Droplet size is uniform at any tube bundle cross- 
section. 

(4) Thermal radiation and droplet-wall contact 
heat transfer are neglected. 

(5) Circumferential variation of vapor temperature 
is neglected. 

It is known that the vapor velocity profiles are fully- 
developed at both the inlet of the thermal entrance 
region and its fully-developed condition of single- 
phase flow, where all the droplets evaporate 
completely. At the middle part of the thermal entrance 
region the vapor velocity may deviate from the fully- 
developed profile due to the strong evaporation of 
droplets near the hot wall. However, if the droplet 
number density is not very high, the fully-developed 
vapor flow may not be seriously a&ted by the non- 
uniform evaporation of droplets. As a first attempt to 
predict the heat transfer characteristics of laminar 
droplet flow in the thermal entrance region of tube 
bundles, a fully-developed velocity with mean vapor 
velocity varying along the bundle, due to the droplets’ 
evaporation, is considered in this study. Furthermore, 
it is beyond the scope of the present work to inves- 
tigate the detailed hydrodynamics of droplet flow in 
tube bundles. Hence, following refs. [1, 36], it was 
decided that detailed calculations using coupled mass, 
momentum and energy equations considering refined 
local velocity profiles will not be performed in the 
present study. 

The schematic of droplet flow heat transfer in the 
cylindrical unit cell is shown in Fig. 2(b). The droplets 
in the vapor flow are regarded as heat sinks. Heat is 
transferred from the superheated vapor to the satu- 
rated droplet, and the subsequently generated vapor 
is heated up to the vapor stream temperature. With 
these heat sink considerations and the assumptions 
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described above, the energy equation for the vapor where 
phase in a cylindrical unit ceil can be formulated as 

( > 

n,nd: PI 
aT k d dT A=6 - 0 

= (1 -z,p; (14) 
PyCpV$y=;g ‘x PV 

I i 

is the liquid loading parameter, n, is the droplet num- 

- nlrd’hd * I + yGJ (T-T,) (4) ber density and x0 the vapor void fraction evaluated at 
x = 0. A numerical solution of equation (4), together 

where the last term represents the heat sink con- 
with equations (10) and (13), gives the variations of 

tribution [61 with /I,, denoting the heat transfer 
mean vapor velocity and droplet number density 

coefficient from superheated vapor to a saturated 
along the tube length. 

droplet, which is given [9, IO] by 
We now introduce the following dimensionless 

quantities : 

hd = (1 +(c,(:: ?-#/I,)) 
(5) 

R = r/r,, D =d/d,,, .I’= ; 
( Ii 

(Re*Pr) (15) 

where h, is the heat transfer coetlicient of an equi- 
valent non~va~rating droplet or solid sphere and y and 
is in the range of 0.7-1.0. In this study, y is selected 
as 1.0 for simplicity. For small size of droplet or T-T, _I- (16) 
sphere, h, can be approximated as 2k/d (5, 1 il. ‘- Tw-T, 

The initial and boundary conditions ofequation (4) f or t h e constant wail temperature condition, or 
are 

T=T, at x=0 (6) 
6 _ k(T- T,) 

(17) 

g = 0 at f f* 

wo 

=_ 
ar (7) for the constant wail heat flux condition, where 

and 
Re = 2p,V,ro/p and Pr = pC,}k: Substituting equa- 
tions (2) and (3) into equation (4) the resulting energy 

T= T, at r=ro (8) equation for vapor in dimensionless form is 

for the constant wail temperature condition, or 

-kg=q._ at r=ro 

!J in R-!(R2 -1) {,+a(&D’)$$ 

(9) 
I 

for the constant wail heat flux condition. Here, equa- 
tion (7) is the boundary condition on the free surface 
of the cylindrical unit ceil. where 

Note that droplet diameter in equation (4) is not 
constant due to evaporation along the stream. With 
the use of assumptions (2) and (3) and the energy 

S = n,lrd:h&/k = 6A *(Y)($)(2) 

balance on a droplet, this gives 
is the heat sink parameter. Equation (18) is 

xd’hg,(T, - TJ = -jp,h,xd2 V$j (W 

(19) 

to be 
solved with the initial and boundary conditions 

t?=O at X=0 (20) 
which is to be solved subject to the initial condition 

d-d,, at x=0. (11) 

In equation (10) T, is the local vapor bulk mean 
temperature, which is given by 

Tm = ;r(fj2- i)ri t* 
2 stein 

-$[($l]}rdr. (12) 

The droplet size can also be presented in terms of 
droplet number density by the mass balance on the 
droplets, which gives 

(21) 

and 

3 = l(T* = constant) at R = 1 (22) 

or 

f = l(% = constant) at R = 1. (23) 

The dimensionless droplet diameter D in equation 
(18) can be determined from equation (10) together 
with equation f5) 

d3 
Z=l+R 1- 7 

{ 01 
(13) 

dD 
W+W-D3))~= (24) 

0 
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which is to be solved with the initial condition 

D=l at X=0 (25) 

where C is the wall superheat parameter which is given 

by 

for the constant wall temperature condition, or 

c = =&Jo 
&g 

(26) 

for the constant heat flux condition. After 0 is solved 
from equation (18). the bulk mean temperature of 
vapor can be calculated from 

RdR. v,=(l+A)~V,z~ (29) 

cw 
Equations (18)-(25) with four parameters A, 5, C 

and E are the governing equations for drolet dow in 
the thermal entrance region of the tube bundles. These 
equations were solved numerically based on the finite 
difference method. Calculations for the variations of 
droplet size, vapor velocity and local Nusselt number 
were carried out in the streamwise direction until the 
thermal fully-developed condition is reached. The 
axial increment of X is set to 0.0001. The radial 
increment of R is selected as 0.0173, 0.03 and 0.044 
for tube bundles with a porosity of 0.65,0.91 and 0.95, 
respectively. Numerical results have been obtained for 
the liquid loading parameter A varying from 0.2 to 
1 .O, the heat sink parameter S varying from 0 to 200, 
and the wall superheat parameter C ranging from 0.1 
to 10.0 with the constant wall temperature or constant 
wall heat flux condition. The present results of Nusselt 
number for single-phase flow (i.e. S = 0) at the ther- 
mal fully-developed condition are found to be in 
satisfactory agreement with the solutions presented 
in refs. [l2-151. 

3. RESULTS AND DISCUSSION 

As discussed in the preceding section, there exists 
three dimensionless droplet flow parameters A, S and 
C, as well as one dimensionless tube bundle porosity 
E in the present analysis. The liquid loading parameter 
A characterizes the amount of liquid droplets in the 
vapor. The heat sink parameter S characterizes the 
degree of liquid droplet dispersion in the vapor flow. 
The wall superheat parameter C characterizes the 
degree of wall superheat and the bundle porosity E 
characterizes the vapor tlow field in the bundle. It 
can be seen further from equation (19) that for a 
given liquid loading A, the value of .S is inversely 
proportional to the surface area of a droplet. There- 

fore, a large value of S means a strong heat sink effect, 
a small droplet size and a large droplet number density 
at the thermal entrance. It also implies fast droplet 
evaporation and gives a high heat transfer rate from 
the wall. 

Figure 3 represents the variation of vapor velocity 
with the axial location. The vapor velocity increases 
along the tube because of the evaporation of droplets. 
The stronger the heat sink effect the faster the droplets 
evaporate, and therefore the vapor velocity increases 
faster along the tube. Eventually, all the droplets are 
evaporated and the flow becomes single-phase vapor 
flow. The final vapor velocity V, depends on the 
initial liquid loading parameter A as indicated in equa- 
tion (13) and Fig. 3. Furthermore, using the homo- 
geneous flow model [16], the final vapor velocity can 
be expressed as 

where the initial liquid loading parameter A is 
approximated by (I -zo)/ro with z. denoting the flow 
quality at the thermal entrance. 

Figures 4(a) and (b) depict the variation of local 
Nusaelt number of droplet flow with the axial location 
for tube bundles with a porosity of 0.65 at the constant 
wall temperature and constant heat flux conditions, 
respectively. The heat sink parameters are set to 60 
and 200 with the liquid loading parameter varying 
from 0.2, 0.6 to 1.0. The local Nusselt number of 
droplet flow is defined as 

Nu, = 2wo 2 ae 

k(T,-T,,,) =8,-l’dR,+, (30) 

for the constant wall temperature condition, or 

Nu, = 2wo 2 
=- 

k(Tw-Tm) f&v-& 
(31) 

V 

-0 -’ 

0.1 

w = con8trnt 

c 

I c : 0.65 

0.01 I I 4 

0.01. 0.1 
X 

1.0 

Fto. 3. The variation of mean vapor velocity with axial 
location for the constant wall temperature condition. 
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FIG. 4. The variation of local Nusselt number with axial location at (a) constant wall temprature and (b) 
constant heat flux. 

for the constant heat Aux condition. Figures 4(a) and 
(b) show that the local Nusselt number increases with 
the values of S and A, which demonstrates the sig- 
nificant heat transfer effect of droplets in the vapor 
flow. For the limiting case of S = 0 (which means 
single-phase vapor flow) the present results of the 
Nusselt number for thermal fuily-developed flow are 
in good agreement with those presented in refs. [12- 
151. 

It is noted that equation (19) indicates that for a 
given value of S, a large value of A implies the droplet 
size is large at the thermal entrance; therefore, as 
indicated in Fig. 4, such a droplet flow travels far 
before all the droplets are evaporated completely. On 
the other hand, for a given value of A, a large value 
of S means that the droplet size is small at the thennaf 
entrance and cons~uently the droplets evaporate 
early. Figure 4 shows that for a small value of S, say 
S = 60, the effect of liquid loading A on heat transfer 

is not significant at the beginning of the thermal 
entrance region. This could be attributed to the Iow 
heat sink effect, that the droplets evaporate slowly at 
the beginning of the thermal entrance, and that the 
size of droplets, in terms of the liquid loading A, is 
not influential to heat transfer from the wall. As the 
droplet size gets smaller along the tube, the surface- 
to-volume ratio of a droplet increases sharply. Conse- 
quently, the liquid loading effect on the local Nusselt 
number becomes profound. 

A comparison of Figs. 4(a) and (b) indicates a 
similar trend of variation for the local Nusselt number 
with axial location for the constant wall temperature 
condition and the constant wall heat flux condition. 
However, the Nusselt number of the constant heat 
flux case is higher than that of the constant tem- 
perature case with the same inlet condition. 

The variation of the dimensionless mean vapor tem- 
perature em is shown in Fig. 5(a) for the constant wall 
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temperature case, and in Fig. 5(b) for the constant 
heat flux case. For a given liquid loading A, a small 
value of heat sink parameter S means a small number 
of large droplets and less cooling of the vapor, which 
results in high mean vapor temperature along the 
tube, as indicated in Fig. 5. Eventually, all the droplets 
evaporate completely far downstream in all the cases. 
For the constant wall temperature condition, the 
mean vapor temperature approaches the wall tem- 
perature asymptotically. However, in the constant 
heat flux condition the mean vapor temperature 
increases linearly along the tube after the droplets 
have evaporated completely. 

It is of interest to examine the variation of wall 
temperature along the tube for the constant heat tlux 
condition. Figure 6 indicates that the larger the value 
of S, the higher the heat transfer rate and the slower 
the wall temperature increases. After all the droplets 
evaporate completely, the wall temperature increases 
linearly with the axial location as is well known in 
single-phase flow. 

The variation of dimensionless droplet diameter D 
in the thermal entrance region is shown in Fig. 7 
for the constant heat flux condition. Generally, the 

reduced rate of droplet size is faster as the droplet 
becomes smaller (say D < 0.8). As observed before, 
for a given liquid loading parameter A, the smaller 
the S the larger the droplet size, and the droplets travel 
a longer distance before they evaporate completely. 

The effect of the wall superheat parameter Con the 
local Nusseh number Nu, is shown in Fig. 8. The 
solid curves are for constant wall temperature and the 
dashed curves are for constant heat flux. It can be 
seen that the higher the wall superheat, the faster 
the droplets evaporate and the lower the local heat 
transfer along the tube. Hence the effect of the wall 
superheat parameter C is similar to that of the liquid 
loading parameter A but in the reverse trend. 

Finally, the effect of tube bundle porosity E on the 
heat transfer results is examined for the bundles with 
porosities of 0.91 and 0.95. Generally, the same trend 
of variations as that of s = 0.65 is observed. However, 
the local Nusselt number for the bundle with the 
smallest tube spacing is higher than the other two at 
the same inlet condition. For a bundle with a large 
value of tube bundle pitch (i.e. a high value of e), the 
vapor velocity gradient near the tube wall is small, 
which results in a low heat transfer rate. For a given 

1.0 

0.8 

(a) 0.0002 

0.8 

0.8 

W 0.0002 0.00 1 0.01 0.1 1.0 

X 

FIG. 5. The variation of mean vapor temperature with axial location at (a) constant wall temperature and 
(b) constant heat flux. 
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FIG. 6. The 

0,~ constant 

c = 0.65 

0 
0.0002 0.00 1 0.01 0.1 1.0 

X 

variation of wall temperature with axial location for the constant heat flux condition. 

set of parameters A, S and C, the droplet size do and 
the droplet number density n, at the thermal entrance 
are fixed. However, a high value of E implies a large 
number of droplets, a small vapor velocity gradient 
near the wall and a low heat transfer rate. Thus, the 
droplets tend to travel far downstream before they 
evaporate completely. Another way to examine the 
effect of tube bundle porosity E is to compare the local 
heat flux at the wall for various bundle geometries 
with the constant wall temperature condition. A non- 
dimensional local heat flux can be defined as 

Figure 9 shows the variation of dimensionless local 
heat flux with the axial location for tube bundles with 
porosities of 0.65, 0.91 and 0.95 with a given set of 
governing parameters. The local heat flux for a higher 
heat sink parameter S, say S = 100, for a bundle with 
a porosity of 0.65 is also presented in Fig. 9 for com- 

parison. As expected, at the same inlet condition the 
smaller the E the higher the heat flux. It should be 
noted that, due to the application of the free-surface 
model, the details of bundle geometry (e.g. staggered 
or in-line array) have no effect on heat transfer results. 
Instead, tube bundle porosity E has a significant effect 
on heat transfer results. 

A comparison of the present results with exper- 
imental data was not possible due to the unavailability 
of such data. Further effort is needed to establish 
correlations of the four controlling parameters, A, S, 
C and E, for predicting the heat transfer behavior of 
droplet flow in the thermal entrance region of tube 
bundles. 

4. CONCLUSIONS 

The laminar droplet flow heat transfer in the ther- 
mal entrance region of tube bundles has been inves- 
tigated using the free-surface model and the heat sink 

1.0 

FIG. 7. The variation of droplet diameter with axial location for the constant heat flux condition. 
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FIG. 8. The variation of local Nusselt number with wall superheat parameter C. 

T w = constant 

A ~1.0, C =o.s 

FIG. 9. The variation of local heat flux with axial location for various bundles using the constant wall 
temperature condition. 

concept. The droplet size variation, vapor acceleration 
and dilution of droplet number density along the tubes 
have been considered. The e!Tects of four governing 
parameters, namely the liquid loading parameter A, 
the heat sink parameter S, the wall superheat pa- 
rameter C and the bundk porosity e, on the heat 
transfer behavior of droplet flow are revealed. 
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CONVECTION THERMIQUE POUR UN ECOULEMENT LAMINAIRE DE 
GOUTTELETTES DANS DES GRAPPES DE TUBES 

R&n&-On analyse le transfer? tbermique pour un Ccoukment laminaire et longitudinal de gouttelettes 
dans la r&gion d’entr& dune grappe de tubes avec des conditions de temperature pariftale uniforme ou 
de flux pari6tal uniforme. La g&m&rie de la grappe est prise en consideration dans un modile de surface 
libre. Les gouttekttes sat&es, dam la vapeur surchauffic, sont consider&s comme des puits de chaleur 
distribu& On fait des cakuls pour ditf&rentes taiiles de gouttes, vitesses de vapeur, populations de gouttes 
et on obtient le nombre de Nusselt local le long de i%coulement jusqu’a la condition d’lcoulement Ctabli 
en monophasique. On &die les effets sur le transfert thermique des differents parametres qui interviennent. 

KONVEKTIVER WARMEUBERGANG BEI LAMINARER STRGMUNG IN 
ROHRBUNDELN 

Zummmenfamung-Es wird der konvektive WHrmetibergang in einer langsgerichteten laminaren tropfen- 
beladenen StrGmung im thermischen Einlaufgebiet eines Rohrbtindels untersucht, und zwar Tur kon- 
stante Wandtemperatur und konstante Wgrmestromdichte. Die Geometrie des Rohrbiindels wird mit Hilfe 
eines Mode& der f&n Oberfhiche beriicksichtigt. Die ges&ttigten Tropfen in der iiberhitzten Dampf- 
str6mung werden als verteilte Wiirmesenken betrachtet. Die Veriinderungen der Tropfengr@. der Dampf- 
geschwindigkeit, der Tropfendiihte und der iirtliihen Nusselt-Zahl werden berechnet bis hin zum 
Zustand der einphasigen, voUst5ndig entwickelten Stromung. AbschlieBend wird der Einflug der unter- 

schiedlichen Parameter auf den Wiirmeiibergang untersucht. 

KOHBEKI-HBHbI~ TEHJIOItEF’EHClC ITPH JIAMHHAPHOM 
mnIKAxTPYB 

KAfIEJIbHOM TEYEHWH B 


