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Abstract-Available experimental data and theory for heat and mass transport in turbulent liquid jets are 
critically reviewed. It is shown that mass transfer in turbulent jets is an entrance region problem and that 
experimental data must be analyzed accordingly. Finite ditference numerical solution of the entrance region 
problem shows that turbulent transport has a minor effect on mass transfer for the parameter range 
investigated. New experimental data for evaporation from turbulent jets are presented for a 4 mm dia. jet. 
Comparisons are made with data from various previous conden~tion studies. and an attempt made to 

explain the trends and apparent discrepancies. 

NOMENCLATURE 

concentration of solute gas; 

molecular dig&on ~~~cient ; 
jet diameter ; 

milss transfer coefficient [m s- ‘3 ; 
jet length ; 
turbulent macroscale; 

number of transfer units; 

pressure ; 
volume flow rate; 

radial coordinate; 

jet radius; 

Reynolds number, Vd/v or I/t/v; 
Schmidt number; 

Stanton number ; 
temperature ; 
thickness of a planar jet; 

bulk velocity; 

turbulence intensity. 

Greek symbols 

i; eddy diNusivity ; 
+. CN’ mass and heat transfer effectiveness, 

respectively ; 
V, kinematic viscosity; 

P% dynamic viscosity; 

Pi density; 

0, surface tension. 

Subscripts 

in. out, bulk values in inlet and outlet liquid, 

respectively; 

sat. saturation value. 

Overscore 

length average. 

lNTRODUffION 

TRXWWRT phenomena in turbulent round or planar 

liquid jets, issuing into a vapor or gas phase, have not 

received much attention in the technical literature. 

From a tluid mechanics point of view attention has 

been focused on such features as axial decay of 

turbulence and surface inst~tbilities: in the tatter 

context the use of polymer additives to dampen surface 

waves has been explored with a view to improving fire- 

fighting equipment. Momentum transport has been of 

little interest, since in usual situations the effects of gas 
phase drag on the liquid are negligible. 

Mass transport in tllrb~il~nt liquid jets has received 

some attention, particularly by Davies and coworkers 

in England [I -31. HowLTer. since turbulent jets have 

not been a preferred contacting mode in the liquid gas 

transfer operations of chemical engineering practice, 

there has been no systematic development of a data 

base spanning the relevant parameters. Recent de- 

velopment of the Claude open-cycle ocean thermal 

energy conversion concept has indicated the possible 

use of turbulent jet condensers [a]. Desorption of air 

from such jets adds to the noncondensable gas prob- 

lem in the condenser: knowledge of the liquid side 

mass transfer coefficient is required for calculating 

noncondensable gas eflects. 

Heat transport in turbulent liquid jets is ofconsidar- 

able technological interest. Turbulent jet direct con- 

tact condensers have been used since the earliest days 

of steam engines. Very recently the need to use dry 

cooling towers for power plants in some locations has 

led to the development of large planar turbulent jet 

direct contact condensers [5]. Also design of the 

turbulent jet condensers for the Claude open-cycle 

ocean thermal energy conversion concept mentioned 

above, requires adequate knowledge of the liquid side 

heat transfer coefficient. 

In this paper we present a critical review ofavailable 

experimental data and theory for heat and mass 

transport in turbulent liquid jets. and present some 

new experimental results obtained in our laboratory. 

In particular we will present the following: 

(i)A demonstration that theexperimental results for 

mass transfer of Davies and Ting [I] were incorrectly 

interpreted. both then and subsequently by Brumtield 
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and Theofanous [6]. By numerically solving the 
governing conservation equations, it will be shown 
that the problem is one of entrance region transport, 
rather than fully developed transport as was assumed. 
The implications for experimental study are discussed, 
and our unsuccessful experimental program described. 

(ii) h’ew experimental data for evaporation from 
turbulent jets are presented. and compared to data for 
condensation on turbulent jets from various sources. 
An attempt is made to explain the apparent discrepan- 
cies in the data. 

M4SS TRASSPORT 

Davies and Ting [I] report average mass transfer 
coefficients for the absorption of CO2 and H, in 
laminar and turbulent water jets at 25°C. Jet diameters 
ranged from 0.102 to 0.162 cm. jet lengths from 4 to 
S cm, and Reynolds numbers from I500 to 20 000. The 
mass transfer cocfficicnts were calculated from mea- 
sured outlet bulk concentrations using the theory of a 
single stream mass exchanger. viz. 

(1) 

whcrc 

C‘Wl - cm QrclL 
I:$, = -- and N,,=----. 

(‘V&l - ctn 0 

Although a two-fold variation ofjet length was tested, 
it was concluded that. within the precision of the data, 
no cITcct of jut Icngth on K,. could be discerned. The 
results wcrc intcrpretcd using the Levich theory for 
damping of turbutcncs at a liquid-gas interface [7], 
which for fully dcvclopcd mass transfer gives 

If the characteristic turbulence velocity is taken as 
being constant along the jet, and equal to the friction 
velocity in the nozzle, u, = 0.2VRe-’ s from the 
Blasius formula, then 

K 

Since the data showed K, x Re’.34 z~O.‘~, it was 
claimed that the Levich model was valid. However, the 
constant C proved to be dependent on jet diameter d, 
and in later work, Davies and Hameed [Z] found upon 
testing kerosene that C was dependent on liquid 
properties as well. 

Subsequently Brumfield and Theofanous [6] poin- 
ted out that it is unreasonable to assume that the 
turbulence velocity r0 will remain constant along the 
entire length of the jet and that its decay due to viscous 
efli‘cts must be taken into account. Using data ob- 
tained for decay of turbulence downstream of a grid, 
and applying equation (2) on a local basis. they were 
able to obtain better agreement between the constants 
C for water and kerosene. However, the allowance for 
turbulence decay yields a marked variation of K,, 

along the jet which is in direct contradiction to the 
experimental data. 

The above described interpretations of the experim- 
ental data failed to note that the values of R, were 
surprisingly low. In addition no attempt was made to 
ascertain whether the assumption of fully developed 
mass transfer was valid. To illustrate these points the 
data for R,, have been replotted in Fig. I, in a form 
suggested by classical ~netration theory for Iaminar 
flow, for which 

Of 

s;Sci 2(L/# ’ = (2,‘lr’ ‘) Rr-’ 2. (5) 

Penetration theory is not exact since it does not allow 
for the relaxation of the initial velocity profile. For 
laminar Ilow the true values of I?, are estimated to 
deviate by less than 10% [8], white for turbulent flow 
the discrepancy will be even smaller. Figure I shows 
little evidence for turbulent transport. In fact the R,, 
values at Rr + IO4 are considerably lower than the 
laminar theory, which suggest substantial systematic 
error in the experiments. We further note that these 
low values of R,+ at low turbulent Reynolds numbers 
give rise to high apparent slopes of R,, vs Rc in the 
turbulent regime. Figure 1 shows slopes considerably 
larger than l/2, and, as mentioned above, Davies and 
Ting correlated the data as f?,. Y Rc’.~~. 

Further insight into the problem we obtained by 
solving the entrance region problem for a turbulent jet. 
Plug Ilow is assumed in a jet ofconstant diameter, and 
an eddy diffusivity model used to characterize turbu- 
lent transport. The appropriate form of the species 
conservation equation is 

which must be solved subject to the initial and 
boundary conditions 

x= 0: C = Gin. 

t = 0: &/Jr = 0, 

r= R: c = c,,,. 

Two attempts to specify an eddy diffusivity model have 
been reported in the literature, by Davies and Ting [I], 
and by Brumtield and Theofanous [6]. Davies and 
Ting assumed that viscous damping of turbulent 
along the jet could be ignored, but allowed for 
damping of turbulence near the liquid-gas interface, 
following a hypothesis of Levich [7]. Brumfield and 
Theofanous subsequently modified this approach by 
allowing for viscous damping of turbulence along the 
jet using data for the decay of homogeneous turbul- 
ence behind a grid. Since numerical calculations show 
that viscous damping cannot be ignored for the 
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Symbol Investigators Gas d (m) L/d 

VV Davies et al. [l] CO2 1 .62 44.25 

6 Davies et al. [ll "7 1.62 49 

I 
0 Davies et al. [l] "2 1.51 26 

= 07 4 Davies et al. [ll CO2 1.32 45 
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FIG. I. Experimental investigations of CO, and Ii, absorption into round turbulent water jets. Data from 
refs. [I. 17. 181. 

parameter range in question, only the latter model will 

be considered here. However. Brumtield and Theo- 

bnous failed to realize that an entrance region 

problem required solution, and assumed a fully de- 

veloped (in some sense) situation. Thus in what follows 

the essential hypotheses about turbulent transport of 

Brumfield and Thcofanous are incoporated into an 

analysis of entrance region mass transfer for the jet. 

The eddy diffusivity model is 

O<r<R, c = 01, (7) 

0 < R, $ r 5 R c = C(pc’/a)(R - r)2 (8) 

R, < 0 c = C(c/R)(R - r)2 (9) 

where 

R, = R - (~l~/Cp,r~)‘,~ (10) 

u is the turbulence intensity, /< is the mixing length in 

the core, R, denotes the radius at which damping of 

turbulence by surface tension commences, and C is 

(hopefully) a constant. 

The viscous damping of I: is given as follows: let I be 
the turbulence macroscale. and I = x/V. Then define 

T* = /,,,‘co where I, and c’,, arevalues at the nozzle exit, 

and let I+ - 107.. the duration of the initial decay 

period. For the initial decay period 0 c I < r* 

I: = rO[ I + (roll,) I] - ’ 2 (11) 

1 = I, [I + (r&J I]’ 2 (12) 

while for the final decay period. I 2 I* 

c = c*/*’ 2[/*2 + 27t\.(t-_1*)]-' J (13) 

I = r/+2 + 2rWlf - r*U’ 2 (141 

where a* and I* are values of u and I at f*. v. and I, are 

obtained from pipe flow results as ug = O.ZVRr-’ ’ 

and I, = 0.03cl. For the core mixing length I, = 21. but 

the mass transfer is quite insensitive to this choice. 

Levich [7] originally proposed equation (8) for the 

variation of I: near the interface, with the constant C o 

I. The approach taken here is to adjust C to fit 

experimental data for the mass transfer coefficient. 

Since only water jets at 25’C will be considered, the 

essential elements of the Levich hypothesis are the 

distance squared and turbulence intensity cubed de- 

pendencies in equation (8). 

Equation (6) was solved numerically using finite 

difference methods. Owing to the very thin con- 

centration boundary layer, care was taken to ensure 

sufficent node points near the interface. Presented here 

are the results for a sample case corresponding to 

parameter values taken from Davies and Ting [ 11. For 

this purpose their correlation using exponents based 

on the Levich model will be used, viz. 

’ 2 
K (14) 

for their “type T” nozzle. which was a long straight 

smooth walled tube. The parameter values are 

d = 0.151 x 10m2 m. Y = 0.87 x .lO-” m2 s-t, 

L = 0.08 m. 9 cDZ = 2.07 x 10e9 m2 s-‘, 

Rr = ISOOO. p = 996 kg m-‘, 

I/ = 864ms-‘, Q = 7.2 x 10e2 N m-t. 

Davies and Ting report a value of R, = 5.7 x 
I. .A . , - . ., 
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6 

II 
mass transfer coefficient 
from penetration theory 

RN;. 2. Calculated variations of K,. and R,. as a function of position along a turbulent waler jet. 

IO-* m s-’ from which IV,, = 0.01398 and I:~ = 

0.013X8. 

Variation of the constant C in equation (I() showed a 

value of 0.5 matched the experimental results. How- 

ever, since the value of R,. is barely greater than the 

laminar value, this should not be viewed as a reliable 

determination of C. Figure 2 shows the variation of K, 

along the jet, and Fig. 3 shows concentration and total 

difTusivity profiles across the jet at three axial 

locations. 

Figure 2 shows that h’,,varies markedly along thejet 

and does not attain an asymptotic fully developed 

constant value. i.e. the mass transfer problem is an 

entrance region problem. Figure 3 shows the as- 

sociated concentration profiles and it is seen that, as is 

characteristic of an entrance region problem, the 

concentration in the core remains essentially un- 

changed along the jet. Thus it is impossible to infer c,,, 

from a sample of core liquid, as was attempted by 

Leininger [9] in experiments to be discussed below. 

Figure 2 also shows K,, from penetration theory, and 

as mentioned earlier, the laminar values are almost as 

high as the turbulent values, even though the Reynolds 

number for this jet is 15 000. One possibility is that the 

experimental data are in error. On the other hand Fig. 

3 shows that the apparent small eNcct of turbulence on 

mass transport can be plausibly explained. It can bc 

seen that the concentration boundary layer hardly 

penetrates into the region of the jet where turbulent 

transport is significant. As the concentration boun- 

dary layer grows in thickness, the turbulence simul- 

taneously decays. and consequently (c + v/)/g re- 

mains close to unity within the concentration boun- 

dary layer. A practical consequence of this observation 

is that up to relatively high Reynolds numbers. the 

mass transfer coefficient for the turbulent jet can be 

taken to be the same as for a laminar jet. for which the 

simple penetration result can be used. However, it 

would be useful to have reliable experimental data to 

confirm this assertion. 

In an attempt to reproduce the experimental data of 

Davies andTing [ 11, Leininger [9] built an experimen- 

tal rig to absorb oxygen into turbulent water jets. 

Details are given in ref. [9], and only a brief report will 

be given here. A long straight tube nozzle (similar to 

the “T-type” nozzle of Davies and Ting) was used. 

Saturated oxygen at 1 atm. pressure was absorbed 

in room temperature distilled water: inlet and outlet 

liquid phase 0, concentrations were measured using 

the standard Winkler titration procedure. Following 
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4~ = 0.e 

x/L = 0.4 

x/L = 0.2 

d = 1.51 mm 

v * 0.64 m/c \ \\. 
!P * 15,oflo ‘1 \ 

, , , , ,_Y 
_I_ 

\ 7’ \ ‘l 
I 

_ _ +4 

0.95 1 .o 
r/R 

0.e 

FK;. 3. Calculated eddy diNusivity end concentration protiles in B turbulent water jet. 

Davies and Ting, attempts were made lo collecl the jet 

with a collector ofdiamcter equal lo that of the nozzle. 

However. it was found that entrainment ofoxygcn into 

the outlet stream could not be avoided with such 

collectors. and gave rise to indeterminate systematic 

error in the outlet liquid 0, concentration 

measurement 

If the mass (ran&r process is indeed fully developed 

as assumed by previous workers. then a mcasurcment 

of the jet core 0, concentration would suffice. Thus 

experiments were conducted with a 2.16 mm dia. 

nozzle and a 0.6mm collector to eliminate entrain- 

ment. The jet length was varied from 3.3 to 6.4 cm and 

the Reynolds number from 7640 to 12 580. It was 
found that there was no significant difference in outlet 

and inlet bulk conccntrations.confirming that the fully 

dLTeloped assumption is invalid. Of course Fig. 3 
suggests that it is imperative to collect the complctc jet 

in order IO make a reliable determination of the outlet 

bulk concentration. One way IO isolate the effect of 

entrainment would be to use a mixture of two gases of 

widely dilTcrent solubilities, e.g. O1 and CO,: de- 

termination of the apparent mass transfer efiectiveness 

for each gas will allow the entrainment rate to be 

estimated and corrected for. 

HUT TWASSI’ORT 

In contrast to the mass transfer problem, there have 

been a number of experimental investigations of heat 

transport in turbulent liquid jets. Most of these studies 

have involved condensation of sleam on water jets, 

owing IO the application to direct contact condensers. 

Data for the liquid side heat transfer coefficient, h,, 

obtained with evaporating jets can be expected to be 

similar IO that for condensing jets only if a stable jet is 
maintained. and ifeffects of factors such as vapor shear 

are of minor importance. In practice, it is difficult to 

prLvcn[ an evaporating jet from shattering due to 

cavitation. Not only must the water be sufficiently 

deaerated. but also the nozzle and manifolding must be 

designed to prevent flow separations. Nevertheless it is 

attractive to dctcrmine the liquid side heat transfer 

coefficient in an evaporation experiment, since the 
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Table 1. Summary of experimental heat transfer investigations 

Investigators 

Dimensionsofjers Parameter range 
Nozzle d; t L L,‘d P 

We (mm) (mm) ( x 10-u Pa) 

Zinger [LO] (1953) 

Isachenko et al. [l I] Long 2.18 Z&400 40-80 lo-180 _ 89 1.6-1.7’ 

(1971) IUbe 

Sklover and Rodintin 
[12] (1970) 

Round 

short 

3. 20 20&1X0 W-950 8-400 23-65 0.15-0.98. 

Zakharov and Chemaya 

EW 
Barathan et a!. [ 161 

(1981) 

Present work 

Round 
short 

Punched 
plate 

Slot on 

a pipe 

Long 
Illbe 

3.0, 5.1 450 3-15 89-150 1.0’ 

3.2 750 8-24 235 3-11 0.@09-o.O4* 

4.0 loo-170 lo-23 24-33 -18 0.01t 

l Condensation mode. 
t Evaporation mode. 

noncondcn~~blc gas problem encountcrcd in con- 

densation ex~riments can be avoided. 

The evaluation of cxperiment~{l data for It,, is made 

difficult by the wide rang of conditions in the various 

studios. Various types of nozzles have been used. e.g. a 

long tube. a slotted pip, or hole punched in a metal 

plntc. Also a wide rang of jet velocity. diameter or 

thickness (for round and planar jets rcspsctivcly) and 

water tcmpcrature have been tested. Table I summar- 

izcs the pcrtinrnt details of ctich investigation. 

In our work evaporation from round turbulent jets 

is being investigatsd. The experimental rig consists 

of a test chamber and liquid loop, a heat addition 

system and a heat extraction system. The nozzle is a 

precision drawn glass tube of 4 mm I.D., and the 

collector diameter is 5 mm. The inlet and outlet bulk 

liquid temperatures arc measured by pairs of 30 gage 

chromcl-ulomcl thermocouples, as is the wet bulb 

tcmpcrnturo in the test chamber,. The pressure in the 

test chamber was measured with a mercury mano- 

meter: it is found that the wet bulb tcmpcrature 

accurately approximates the saturation temperature. 

as expected. The liquid flow rate is measured using 

Dwyer ball flow meters. The average liquid side heat 

transfer coefficient iscalculated from the single stream 

exchanger relations, viz. 

FIG. 4. Average Stanton number vs Reynolds number for evaporation from a turbulent water jet. 
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lo4 2 4 IO5 2 4 106 
Rc 

FIG 5. Comparison of the results of various experimental heat transfer investigations for both condensation 
and evaporation. 

( Tin - To,, 
j = 1 - e-“,. (15) 

I:=_ _ 

[‘in - ‘“1) 

T,,, = T,,,(P); N,, = 4s; L/d. 

The results are plotted in Fig. 4 as average Stanton 

number vs Reynolds number for three jet lengths. The 

maximum Reynolds numbers shown were limited by 

the onset of jet shattering due to cavitation. 

The choice of appropriate variables with which to 

plot and compare the data of the various investigators 

is not straightforward, since the dominant transport 

mechanism might depend on parameter values and 

nozzle type. In Fig. 5 the data are plotted in a form 

suggested by penetration theory for laminar flow: the 

main advantage of this plot is that Ii‘ x L-’ ’ 
dependence of penetration theory does approximately 

account for the length dependence in some of the data. 

Although there are large apparent discrepancies in the 

data, there are some trends which can be discerned. It 

is also possible to give some plausible reasons for the 

apparent discrepancies. Our observations are as 

follows : 
(i) At lower values of Re (3000-25000) the Re 

exponent is in the range -0.3 to -0.1, which is 

characteristic of turbulent flows, e.g. ducts or external 

boundary layers. The absolute values of 5 are 3-l 1 

times larger than predicted by laminar flow penet- 

ration theory which also suggests a major role played 

by turbulent transport. The Reynolds number ex- 

ponent does not agree with the +0.31 of the Levich 

theory. 

(ii) At higher values of Re (40000-85OooO) the Re 
exponent is positive, suggesting that the physical 

phenomena controlling heat transfer are different to 

those at low Re. Jet break up is probably playing a 

major role with the increased surface area leading to 

increased heat transfer rates (when based on a nominal 

surface area determined by the nozzle diameter or jet 

width). Zinger [IO] used a sight glass to make visual 

observations and reports that the jet was white and 

opaque, with apparent diameter increasing with dis- 

tance from the nozzle. 

(iii) 5 decreases with increasingjet length. Our data 

shows 5 zc L-O,‘, while lsachenko er ul. [11] 

correlated their data as 5 x Lwo,” for L/d c 100. 

The data of Sklover and Rodintin shown in Fig. 5 was 

correlated as c x L- O.‘) [ 121, however, in their later 

work with multiple jets and crossflow of steam [ 131, 

the data was correlated with an exponent of -0.5. 

(iv)There is some evidence for an increase in c with 

jet diameter or thickness. The data of Zakharov and 

Chernaya [14] in Fig. 5 shows a very marked eflect 

with z CC d’,*, which is in direct contrast to the - 3/2 

exponent given by the Levich theory. Sklover and 

Rodintin give exponents of 0.25 and 0.5 in their 1970 

and 1976 work, respectively [ll. 121. Thus the very 

high values of SC obtained by Zinger may be partly 

attributable to the comparatively large jet diameters 

used. 

(v) There is evidence that Sr values for round jets are 

lower than those for planar jets. Dement’yeva and 

Makarov [ 151 was the only study in which the elfect of 

geometry was explored and such a trend was observed, 

and of course would be expected from the behavior of 

other turbulent Rows. (Insufftcient information was 
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given in [15] to en&& the data to be plotted in Fig. 5.) 

Thus the low v&es of Sr obtained in the prexnt study 

might be partly attributable to geometry: the low 

v;llues of Sr oflsxhenko tsr cl/. might also be due to the 

round jet used. but also due to the small diameter, as 

noted in (iv) above. 

(vi) The slotted pipe distributor used by Bharrtthan 

et (II. [16] procfuced planar jets of very noun-uniform 

thickness and with an appreciable cross-flow velocity : 
also the jet surfrtce was observed to become very 

agitated a short distance from the nozzle. Thus the 

comparatively high values of % obtained could be due 

to abnormal turbulence. and an increased interface 

area. 

A nurubcr of attempts It;tvc hccn rtmifc to ;tnaIyiT 

heat transfer in turbulc~lt liiluiil jets [ I I, 141. I Iowcvcr, 

the eddy tlil&sivity moilcls usctl h;ivc bccu rather 

simple, and have not allowed for viscous d;imping of 

turhulctxx, as dcscribcd in the previous section (Mass 

Transport). Thus it is of littlr: value to PL’V~CW these 

;rnalyscs in &tail. 

(i) Mass transport in tilrbulcIit liquid jets is an 

entrance region probkm and must be analyzed 

accordingly. 

(ii) Available experimental data for gas absorption 

into turbulent jets does not support the Levich theory: 

indeed it appears that turhulcnco transport plays a 

minor rote at Reynolds numbers up to about 15 Ooo. 

(iii) Thcrr arc lxge ;tpparcnt discrcpancios in dat;x 

for heat transp~~rt in ttlrbtIlcn! jets. Some of these 

discrepancies can rnticmaily he attributed to such 

factors as nozle c~~nli~ltr~lti~~n. Reynolds number 

rang and geometry. 

(iv) At lower values of Reynolds number 
~30~~ 250(10) for which t~irb~lfcnt tr~l~sp~)rt is prob- 

ably dominating the heat transfer process, the de- 

pendence of Stanton number on Reynolds number and 

jet diameter or thickness dues not support the Lrvich 

theory. 
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TRANSPORT DE CHALEUR ET DE MASSE DANS DES JETS LIQUIDES TURBULENTS 

R&uti--Des dorm& expt%imentales et la theorie du transport de chaleur et de masse dans des jets 

liquides turbuknrs sont critiqukcs. On montre yue k transfert massique dans les jets turbuients est un 

probltme de r&gion d’entrie et que ies donnks experimentales doivent Ptre analysees sous ce point de vue. 

Une solution numirique, par difkence fmie, du probkme &entree montre que le transport par turbulence a 

un etTet minime sur le transfert massique dans le domaine CtudiC. De nou\elles donrkes experimentales pour 
kaporation ri partir de jets turbulents sent prisentks pour un jet de 4 mm de diamktre. Des comparaisons 

sent faites avec desdonnkcs antkrieures sur la condensation et on essaie d’eapliquer les poinfscommunset les 
diRrences apparentes. 

W&RME- UND STOF~RANSPORT IN TUR3ULENTEN FL~SSIGK~ITSSTRAHLEN 

Zusammenfassung-Die vorhandenen experimentellen Daten und die Theorie des Wsrme- und Stofftrans- 
ports in turbulenten Fliissipkeitsstrahlen wurden kritisch iiberpriift. Es wurde gezeipt. daflder Stortransport 
in turbulenten Freistrahlen ein Eintrittsbereichs-Problem ist und dnl3 die experimentellen Duten demgemti0 

analysiert werden miissen. Die numerische Liisung mit der Mcthode der timten Elemente fiir das 
~intritts~reichs-Problem zeipt. dal3 der turbu~ente Transport nur einen NebencNekt aufden St~~fftr~Insp~~rt 
im untersuchten Parameterbereich ausiibt. Neue Versuchsdaten werden fiir die Verd~Irnpf~~n~ an turbulenten 
Freistrahlen fiir einen Strnhl van 4 mm Durchmesser mitgeteilt. Verglcichc werdcn mlt Wertcn aus 
verschiedenen vorlusgep;mpnen Kondensationsstudien angcstellt. und es wtrd versucht. dre Tcndenzen und 

~~~enkund~~en Widcrspr~iche zu erkliiren. 

TEnJlO- M MACCOnEPEHOC H TYP”liYJiEHTHhiX CTI’YHX ‘)Kl4~IKOC-JIl 

AHH~T~~IIS - .&If Kp~r~qecK~~ dilop ~KcIIepH.~eIlTa:It.tit.lx w reopel#~fecKrix peiyn!, raToH 110 rctfi%f- 
It .waccouepeIi~K’y II TypT,yneIr rIIhtx crpyrx xmnKocrl(. lIoK;I~taIto. vro h+acco~iepctfoc a ryp6yireit ritf.lx 
CTpyrx 1l~.?CTPRSfIe r Co6& %l&lYy O II~I’l~LJII~IiOM y%lCrKe. 1 f WIroMy O(ip#hl K3 ‘IKcllepIlhtcll rilJIl~lll.lX 

,laIitibtx nonrclla npctlI3II0~t;lnttca II Coo rae rc raiiu c rtapah+c rpirramici). 11p1~1r11 roic a 3ajt:ti’ic o Iiivl;~~lt.IIo~ 

y’laC+Ke. YNcneIIlloe pe11rc11itc MeroItoM Korie~ctlI*rx px1i1wrcir piICEM:f rpuaaes4ort ‘la;faYiI 1t11K:I’W~IR;Ier. 
sro ~yfiyneil rlIbiii rlepetloc oK;~IhlaiIer llcC,o~il.i1ioe 13;1111itiifc IliI ilepclroc ~acc1.1 a N~C:~~~IOH~IIII~M 

AI1aIIaIOIlC Ila~aMer~Wl. ~~~JlcTaaJIeIII~ IlOlll.Ie ‘IKcI1c~I1McII I ;IJ1I,IlI~Ie i1;lllIlI.lC 110 HclI~I~IllIIO Typc,y- 
nCllTIII~IX CTpyh rlIIa.WerpoM 4 MM. ~~~OSe~leIlO c~iIllIlcllIlc C ,R3yjlhlal4MIl pallcc IlrlllOlllle!lIll~lx 
I4ccnenoaaltltk KoIIIICIlcamlH H cIae3laIla 1toIIl.l rKa 06t.rcnHr.l. IIafiIIIOItiICMI~IC ‘IaKoI*oMe~uocrll u pat- 


