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Th,e thermal perf orrnance characteristi,cs 'including the
euaporator and condenser hent transfer coffic'ients and the
rrtarinlunl h,eat transfer rate fo, an ammon'ia charged tuto-

Tthase cl,osed, the,rmo,syphon ha'ue been erper'im,entall'y de-
t,ernt'inel, for' 'uert'ical and 'incl,'ined orientat'ions. The ther'-
nll,t'yphon testd,'is 6.2 m long and has an'internal d'iam,-
eter of 31.9 mm and'is made of grade 30/r sta'inless steel.

Hot'water of up to 80" C and cooling water of between 10

and 20o C, 'incl'inat'ion angles of 30, 45, 60, 75 and 90" to

the h,orizontal, e'uaporator to t,otal length rat'ios of 0.06 to

0.JS an"d l,'i,q'u'id ch"arge f,l,l, rat'io,s (Le lL") of bet'u,eeTl 20 and
10U % utere cons'idered. The correl,at'ions of the erqterimen-
tal data for the heat trartsfer coeffic'ients are g'iuen in terTrls

o.f the 'wall, hu,t fl'u*, 'internal, pres,el.Lre2 Liq'u'id charge f,ll ra-
tio and a'ngle of in,cl,'irtat'iott". Th,e correl,at'ion fo, the super--

Jic ial, 'ueloc'ity at, uth'ich the heat transfer rate could not be

inc.reased further b'y 'increas'ing the temqterature di,.fference
bet'ueert the euaporator and the condenser u)as deterrn'ined
'in t,erms of internal temperature, I'iqu'id cltarge fr,ll rat'io
and't n cl'inat'ion an gle. The erp eri'mentally determ'ined't)al,-
'tles of the heat, tran,sfer c0effic'ients d'id not correspond uell
uti,t,h, er'ist'ing correl,at'ions. Ttt'i,s 'i,s attrib'u,ted to the l'im'i,ted
a'ua'ilab'il,'ity of amrn,orfia as uork'ing fl,u'id and 'incl'ined ther,
'nlo,s'yphon or"i,entat'ion,y 'in the dat,a sets llpon uthich the.se

e.r'i,.stitt g correlat'i,orts 'uere bu,sed, as utel,l, as tlt,e gen erall,u
t:orrt'pl,er rmttme of th,e 'uar'io'us heat, trart,sf er mectLarri,srn,.s

that occ'tLrin a thermos'yphon,.

Nomenclature

A al'ea. rn2

d diameter', rn
It heat transfer coefficient , \Y lm2K
It,.f g latent heat of vaporisation. J lk1
k thermal conductivity, W lrnK
L length, m
m mass flow rate, kg/t
P pressure, Pa
q heat transfer rate, W
q" heat transfer' flux , W l^'
I' correlation coefficierrt
T temperature, o C

V' velocitl'

l Departrnent of Mechanical Engineering, University of Stellen-
bosch, Private B.g X1, Matieland , 7602 South Af ica

Subscripts

b bottom
c cold, cooling or condenser'
e evaporator or exit
h hot or heating
i inside or inlet
(. liquid
o outside
s superficial
t top
'u vapour', velocity
lil wall

Greek symbols

0 inclination angle (to the horizontal)
p density, kg/-t
p, viscosity, kg/ms

Introduction

The tlvo-ptrase closed ttrerrnosyptron is a sirnple ),et ef-
fective treat transfer device.l It consists of a sealed pipe
containing both liquid and vapour phases of a relatively
srnall amount of a working fluid. lVhen the lower end of
the pipe relative to gravity is heated and the higher end
cooled, heat is transfen'ed between the two ends. The heat
tt'ansfet' t'ate between the two ends is considerably more
than rvould be the case for the same diarneter solid rod
of conducting material subjected to the sarne ternperature
difference.

Evaporation of the liquid takes place in the heated
portion of the pipe and this portion is hence also terrned
the evaporating section or evaporator or boiler. In the
cooled portion the vapour condenses and is termed the
condensing section or condenser. In the condenser the
working fluid changes phase from vapour to liquid and
more vapout' flows fi'om the evaporator to the condenser'.
The condensate formed in the higher portion of the pipe
then I'uns down the inside of the wall, under the influence
of glavity, to replenish the pool of boiling liquid in the
lower portion of the pipe.

As the tempet'atut'e difference between the heated and
cooled ends increases so too does the heat transfer rate and
the velocity of the upwardly flowing vapour. A further in-
crease in temperature difference ultimately leads to a max-
imum possible oI' limiting heat transfer condition. This
lirniting condition may be ascribed to one or a combination
of effects. floodinq whereby the upwardly flowing vapour'
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prevents an adequate flow of the downwardly flowing con-
densate back into the evaporator; geAsering whereby liquid
is propelled directly out of the evaporator and up irrto the
condensing section by the rapid flow of the vapour'; and
dryozl whereby liquid deficient areas occur on the evapo-
rating surface. The occul'I'ence of any of these effects does
not necessarily imply that the thermosyphon is operating
at this limiting condition. For instance2 flooding may be
observed to be occun'ing and yet the heat transfer rate
Inay still be increased further by increasing the tempera-
ture difference between the evaporator and corrdenser'.

The physical phenomena describing the thernral-
hydraulic behaviour taking place within the ther'-
mosyphon, especially if it is inclined, are relatively com-
plex. Figure 1 gives an indication of the various processas
taking place in an inclined thermosyphon. To date theo-
retical analysis has been lirnited to only vertically orien-
tated thermosyphons in which the condensate is assumed
to form a unifot'rn axi-syrnrnetrical annular film of varyi.rg
thickness on the inside wall of the pipe. There are nlany
correlations relating to the thermal performance charac:-

teristics of thernrosyphons.3 These correlations, however',
give widely differing results.4

Dropwise/film
condensation T.ota

Filmwise condensation
--------'--- 

\\r\

Section A-A - Condensate

Downwardly
flowing
condensate
rivulet

Evaporation of ,h, {uul"'
condensate film Condensation on

the surface of the
Liquid deficient region film

of ammonia.5 Very little published data relating to arn-
monia's heat tt'ansfet' characteristics are available and in
the case of an inclined ammonia-charged thermosyphon no
published data are available.

In this paper the irnportant thermal characteristics of
an ammonia charged two-phase closed thermosyphon are
experimentally detet'mined for both vertical and inclined
ot'ientations. The important thermal characteristics are
ttre evapol'atot'and condenset' heat transfer coefficients and
the rnaxirnum heat transfer rate.

, Experimental set-up and procedure

The thermosyphon tested consists of a 6.2 m long by 31.9
rnm inside diarneter stainless steel pipe. It is mounted
in a support structure that can be tilted at 30, 45, 60,
75, and 90" to the horizontal. The thermosyphon has
five 400 rnm and one 4200 mm r,vater heating and cool-
irrg jackets as shown in Figure 2. By coupling these water'
jackets in different combinations it is possible to operate
the therrnosyphon with different evaporator and c:ondenser'
lengths. During a test run the heating water from the hot
water supply tank, &s shown in Figure 3, was increased
fi'om the initial temperature up to a maximum of about
B0o C and the cooling r,vater was allowed to vary frorn be-
tween 10 and 20"C.

s
/ Thermosyphon

304 stainless steel

0 31.9 inside diameter

0 3 4.9 outside diameter

Sealing rings
15 wide rubber hose

Heating/cooling water j ackets
304 stainless steel

O 42.I inside diameter

Q 44.5 outside diameter

Figure 2 T hermosyphon heating and cooling
(dimensions in mrn)

Mass flow rates were determined by measuring the
time it takes for a measured mass of water to flow.
Temperaiure was rneasured using T-type stainless steel
sheathed thermocouple probes all rnanufactured from the
sanre batch of themocouple wire. Ternperatures were
recorded using a Schlumberger Technologies data acqui-
sition systern ("IVIP PC to S-net Adapter'") coupled to

boiling and quenching

tr, interface

Evaporation from rivulet
surface

Nucleate boiling in rivulet

Liquid pool-- "Constrained" nucleate pool boiling
Flow patterns include: bubble,
plug or churn-wave depending
on the heat transfer rate

Figure l Heat transfer mechanisms in an inclined

thermosyphon

Ammonia is an attractive working fluid for use in a

closed two-phase thermosyphon because of its zero ozolle
depletion and its zero global warming potentials. It has

good thermal properties and the refriget'ation industry has

had extensive experience with it. Its thermal and heat
transfer characteristics are significantly better than those
of CFCs and HCFCs and are comparable to those of rvatet'.

Although ammonia has been used for decades as a refrig-
erant of choice for selected large and small scale applica-
tions, ro formal database is available on the heat tt'ansfet'

t/r., 'A rivulet.\
\ - Evaporator-condenser

Deposited droplets
carned out of liquid
pool by the
emerglng vapour

Tno..
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Figure 3 Thermosyphon heating and cooling water systems
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Evaporator
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Figu re 4 lmportant independent variables for an inclined
thermosyphon
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Figure 5 Typical set of readings fora test run

a PC. The independent experimental variables L", L.,
L(,,,Tn"ui,Tcui, Q, TTL1., and h.- are shown in Figure 4.

The logged data (heating and cooling water inlet and
exit temperatures as well as the ammonia temperature at
the bottom and top of the thermosyphon) were recorded
every 30 seconds and a plot of a typical set of readings and
results is shown in the Figure 5. A test run continued until
the rnaximurn heat transfer rate occurred or the maximum
achievable temperature of the hot water heating system of
80'C had been t'eached. The rninimum cooling water tem-
pet'ature that the cooling system could supply was about
BoC. For each test I'un between four and six more or less

equally spaced points were selected to make up the data
set on which the heat transfer coefficients were calculated.
Itr all tltere were about 70 such test runs fi'orn which a
data set of some 280 points was extracted upon which
to base the heat transfet' coefficient correlations. There
were five inclination angles (30, 45, 60,75, and 90o), three
liquid charge lengths (396 , 784 and L 296 mrn) and five
evaporator leiigths (400, 800, 1 200, 1 600 and 2 000 mm).
There was no adiabatic length and the condenser lengths
al'e given by subtractirrg the evaporator lengths from the
overall length of 6.2 m giving condenser Iengths of 4.2, 4.6,
5.0, 5.4 and 5.8 rn. Depending on the heating and cooling
temperatures the itrtet'nal ammonia temperatures varied
from 15 to 45oC.

A total of 48 poirrts were available on which to base
the tnaximum heat transfer rate correlation. Although
there were 70 test rurls it was not possible, due to the
rnaximun] rvater heating and minimum cooling water lim-
itations of the heating/cooli.rg water equipment, to obtain
a clearly observable maximurn heat transfer rate for the
inclined ca^ses with heating water flowing through only a
single 400 mm water jacket.

The average heat flux and inside wall temperature
of the heated and cooled sections of the thermosyphon
were determined fi'om the measurements. This allowed
the evaporator and condenser heat transfer coefficients t<r

be determined by dividing the heat flux by the temper-
ature difference between the inside of the wall and the
temperature of the working fluid as follows:
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The heat transfer coefficient between the heating wa-
ter and the outside surface of the thermosyphon for a 400
mm long water jacket was experimentally determined as6

o.7:33:3
hr,rr,, - 4.553 Re Pr'0r'3626

h.u

and from the outside surface to the cooling water. as

0.8095
h.,u.,, - 2.029 ff pr.o 3774

Because of the relatively low thermal conductivity of
stainless steel (304) the ternperature difference across the
wall is relatively large and contributes significantly to the
overall resistance to heat transfer. The thermal conduc-
tivity of stainless steel is relatively sensitive to temper.a-
ture changes and hence its thermal conductivity was de-
ternrined as a function of temperature as

k,u - 9+0.02 (r*+273 15)

For a vertically orientated geornetry based on a data
set of 49 points an d r2 - 98 .2% it was determined as

h"-i - 0.0404 (qJ_n)0'e3t (rn)o.uru (rrlL.)-0 2e0 
(7)

For both these correlations the liquid charge length L2
was 400 mm giving liquid charge fill rat ros (L2l L") varying
from 20 to 100 To as the evaporator length was varied from
400 mm to 2000 mrn.

The variation of the predicted evaporator heat tr.ans-
fer coefficient using equations (6) and (T) fi.om the exper.-
imentally deterrnined values is shown in Figur.e 6 to be
r,vithin +30 %

40

20

0 l0 20 30 40 50

Exp erimental evaporator
heat 6.ansfer coelffiCient, h*,,

(kwm'zK)

Figu re 6 Predicted evaporator heat transfer coefticient using
equationr (6) and (7) compared with the experimentally

determined values

Condenser heat transfer coefficient

For the vet'tical case the experimental data were cor.related
(a9 data points an d, 12 : 72.6%) as

h'.rui _ 0.3706 (q'J-n)0'0861 (p,, ) 
-o'242e (L 

")t'rs2,
x (Lt I L.)- o '3474 

(8)

where h is in kw l^'K if d" 
'o in kw l^r , pt in bar , L. vt

m, and LtlL", in ml m
In this cot'relation the low value of the exponent of

qi!.*; of 0.0861 indicates that the wall heat flux does not
plav an important role in determining the condenser heat
transfet' coefficient. The liquid charge fill ratio however is
significant with a relatively large magnitude of 0.3474 for
the exponent of LtlL..

A sirnilar col'I'elation for the inclined case (L22 data
points 12 : 46.9%) was obtained as:

h""ui _ 29.78 (q!-n) - 0.0394r(pn)-0 27t7 (L.)-0'666r

* (Le lL.)-o o113r (sin il-0'382t (g)

T-i"

T"ui"

h""ui - o.4rB (q':,,,)o'nto (p)-0 455

where h is in kW l^'K if d" is in
LelL. in rn/m.

Tn-- +

T."u * +

Q",

Q"

(3)

(4)

(5)

where k is inWlntK rf Tru is in oC. The wall temper.atur.e
irr equation (5) was taken as the average temper.atur.e of
heating/cooling watet' and the internal ternperature of the
rvorking fluid.

Experimental results

The experimental data wel'e con'elated by assurning corl'e-
lating equations of the form

a - oo (*r)o' ("r)o' (r,r)"

By taking logs on both sides, the coefficients are read-
ily calculated making use of multi-linear regression. In this
way cort'elations wel'e obtained for the evaporator and con-
denser heat transfer coefficients and the maximum super-
ficial vapour velocity above which the heat transfer rate
could not be increased further.

Evaporator heat transfer coefficient

An evaporator heat transfer coefficient for inclination an-
gles of 30 to 75o (based on a data set of L25 points and
with 'v2 : 94.4%) was determined as7

(Ltl L.)o'305 sino'35r O

(6)
kW/ m2 , P; in bar, and
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In this correlation it is again seen that the heat flux is
not important in deterrnining the condensatiott heat trans-
fer coefficient Pt and L. and O al'e howevet' significant.
The effect of the amouut of liquid in the thet'mosyphon
as reflected bv Lt,lL" although significant in the case of
a vertical thennosyphon is however not at all significant
in the inclined orientation. This may not be surprisittg
because i) the propensity for condensate to be expelled
fi'orn the evaporator of a vet'tical thermosyphon is signifi-
cantly greater than for an inclined thermosyphon; ii) the
occul'I'ence of spasmodic flooding and geysel'ing episodes
does not lirnit the naximum heat transfer rate of a ther'-
rrrosyphon as the tenrperatut'e differerlce between the hot
arrd cold ends increases and at least initially the heat trans-
fer rate increases yet further before reactring a maxirnum:
arrcl iii) ttre more liquid itr ttre condenset' the ttricker the
average {ihn thickrress of liqrrid betrveen the vapour and
t he rvall atrd herrce ttre gt'eater the thertnal t'esistallce of
the liquid.

Ttre variation of the predicted c,orrclerrsel' heat l,r'arrsfer'

usirrg equations (tl) and (9) fi'orrr the experirnentally deter-
rnined values is shown in Figure 7 to be rvithin +I5%.

The square of ttre correlation cc,efficient as given b.1t

r"2 : 46.9% for equat,ion (9) is relatively lol Different cor-
relating equations were atternpted to correlate the data.
A better correlation (tZZ data points , 'r2 - 66.4%) rvas

obtained by including the theoretical value for an inclinecl
therrnosyphon as given by equation (8) and adjusting it
u'ith the angle and conderrser length as

LLr:.tur : 8.585 (lr.rur,eq(S))0'35uu (t.) -t''6e46 (sin il-0' 
1568

(10)

The predicted values as given by equationsi (9) and
(10) are compared rvith each other in Figure 8.

Experimental condenser
heat transfer coefficient, h*'

(kWmT<)

Figu re 7 Predicted condenser heat transfer coefficient using
equations (8) and (9) compared with the experimentally

determined values

Exp

o

Eq (e)

o

Eq (10)

Exp erimental condenser
heat transfer coefficient, h,*,

(kWm2K)

Figure 8 Cornparison of the two predicted condenser
transfer coefFicients for the inclined orientation using

eq u':l?i 
f I i:iJ ::liiltJt il:'j' n"
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Figure 9 Predicted maximum
equation (L2) .ompared with the

va I ues

heat tra nsfer rate using
experi menta lly determi ned

vru,,n.o* : 136. 2 (Tn)-0'718 @-o'42s Qtl L")-0'108 (1r)

whet'e Vrr,rnu* is in m/s if T; is in " C and d in " . Vru,rnu*
increases significantly as @ decreases, for instance at T;:
30"C, Vrr.max - I.6 mf s for the vertically orientated ttrer-
rnos)rphon, whereas for 0
gt'eatet' at 2.75 rn/s. The rnaximurn heat transfer rate is
then readily calculated using

4^.* : (" a? I 4) p,h r gv,o,,,,u* (12)

The variation of the predicted heat transfer rate using
equation (12) frorn the experirnentally deterrnined values
is showrr in Figure 9 to be within 15%
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Discussion

Evaporator heat transfer coefficient

The evaporator heat transfet' coefficients as given by the
equations (6) and (7) al'e plotted in Figure 10 for mol'e oI'

less average values of the internal pl'essul'e, liquid cltat'ge

fill ratio and liquid length of P; - IL.67 bar (30'C), LnlL"
- 0.458 and Lt:400 mm . The evapol'ator heat tt'ansfer

coefficient is plotted as a function of the evaporatot' heat

flux up to the rnaxirnurn evapol'atot' treat flux. It is seell

ttrat although the maxirnum. heat transfer t'ate increases

as the angle of inclinatiorr to the horizontal dect'eases rvith
a peak at about 60" that the heat tt'ansfet' coefficient ac-

tually dect'eases.

arnrnonia in a vertical pool is available.8'e The expet'itnett-
tally deterrnined values for LtlL"
were 52+3% higher. This is expected because existing
equations for pool boiling assume a relatively large pool
in which ttre heated sut'face is placed. In a thermosyphon
horvever the boiling takes place in a relatively long and
rrarrow pipe which in this case ts L2ldn - 400132 - I2.5.

Other cot'relations have been proposed for the evap-

clrator heat transfer coefficient for vertically ot'ientated
therrnosyphonr.3' 10' l I The data sets used to determine
these correlations do not appear to contain at'rimottia as

working fluid. It rnay be for this reason that heat tt'ansfet'
coefficients using EI-Genk and Saber's correlations yielded
values of 230+40 % higher than the present experimental
values. Values using cot'r'elations by Irnut'a and Negishi
and Shiraishi were all on average some 57% Ior,vet' that ttre
present experitneutal values.

Condenser heat transfer coefficient

The condenser heat transfer coefficients as given by the
ecluations (8) atrd (9) al'e plotted in Figure 1 I also for
rnore or less average r,alues of the iutet'nal pt'essul'e, liquid
clrarge fill ratio and liquid length of P; - LI.67 bar (30"C),
Lt I L" : 0.458 and Lt : 400 mln . The condenser heat
transfer c<lefficient is plotted as a function of the condettsel'

heat flux up to the rnaximurn heat transfet' t'ate. It is seen

that, in cotrtt'ast to the evapol'atot', the cottdenset' heat
trarrsfer coefficient increases as the angle of inclinatiorr to
the horizontal dect'eases.

Assuming that the condensate flows as a laminar fihn
on the inside wall of tJre condenset' ttre condensation heat
transfer coefficient can be theoretically detet'tnined. The
condensaticln heat transfer coefficient may be defined as

ttre rvall heat flux divided by ttre avel'age ternpet'ature dif-
feretrce as

50

60

20

0
-f-

90"

-+-
75"

+
600

+
450

-+
300

(L I A,u.t) .l' T,u,,trl A - T;

r,r,here tl" is the kreat flux and (l l A,rr.) .[ Tru,.;dA is ttre
average inside wall temperatut'e of the condensel'. [Jsing

this definition of the average heat tt'ansfer coefficient all
equation for a vet'tical orientation can be derived as

30

l0

0 100 200 300 400 500

Evaporator wall heat ftrx (kWm2)

Figure l0 Predicted evaporator heat transfer coefFicient as a

function of the evaporator wall heat flux for difterent

inclination a ngles Q f or Pt : IL.67 ba r (30" C),

Le :400 mm and Lel L" :0-458

+
60"

-+
45"

*
30"

15 20 25 30 35

Condenser wall heat flux (kWm)

Figure 1l Predicted condenser heat transfer coefFicient as a

function of the condenser wall heat flux for different

in clination a ngles Q f or Pt - L1,.67 ba r (30' C),

Lt:400 mrn and LtlL":0-458

The expet'imentally detertnined evapol'ator heat

transfet' coefficients for Q - 90o \\rel'e compared to a nulll-

ber. of available con'elations. A cort'elation for boiling of

h,,,u.i - 2.64 
( kiP?lt't o l-\ t"

\ * Li,:')

7

J6
+tE
d\,
a)

uEo 4

e t{ 3a)oE

EqE 2

\., F- 1

b
H0
0)5

0
+
90"

+
75"

it"
(13)

(14)

10
This equation shows that the thermal conductivity of

the liquid phase of the working fluid , kt plays the dom-

inant role in the condensation heat transfer coefficient.

This is follor,ved by the density of the liquid. The latent
heat of ','aporisation, Iiquid viscosity, condenset' Iength and

tfie condenser wall treat flux each have an equal but lesset'

influence on the condensation heat tt'ansfet' coefficient.

For a relativell' long inclined pipe (neglecting the ef-

fect of the extra condensate that drains fi'om the wall and

runs as a rivulet in the bottom of ttre tube) the condensa-
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tion heat tt'ansfet' coefficietrt is derived as:

The equation for the vertical ca,se gives reasonable
results but the equation for ttre inclined case terrds to give
values that are too high as shown in Figure 12.

A nurnber of experimentally detet'mined cort'elations
are available in ttre literature. The cot't'elations are lirn-
ited in the sense that thel' are invariably for vertical ori-
entations and none include amuronia as working fluid in
their data sets. Three such correlations attributable to Hi-
raslrima et al.,t2 Uehar'&,l3 and Grossl3 al'e compared to
the experirnentally deternrirred t'esults showrr in Figure 13.

Exp

+

Eq (14)

o
Eq (8)

a

Eq (10)

x
Eq (15)

2345678
Experimental

condenser heat transfer coefficient, h*
(kWmk)

Figure L2 Predicted condenser heat transfer coefFicient

using filrn theory and the correlated predictions compared

with the experimentally determined values

Hirashima's con'elation (which was originally deter'-

mined using water as the working fluid) gives a constant
value of 4 kW/m2K when applied to ammonia and operat-
ing conditions similar to those upon which the experimen-
tal results were obtained. The Uehara and Gross corre-
lations give heat transfer coefficients that are consistently
higkrer than the experirnental values.

Overall heat transfer resistance

The rnaximum treat transfer rate increases as the ther'-
rnosyphon is tilted from a vertic,al orientation On the other
hand the actual heat transferred is relatively insensitive to
the inclination angle. This is because the evapol'ator heat
transfer coefficient decreases whilst the condensation heat
transfer coefficient increases, as shown in Figures 10 and
11.

Conclusions

The experimentally obtained evaporator and condenser'

heat transfer coefficients and the maximum heat tt'ans-
fer rate were suitably correlated by equations (6) to (12)
The predicted values using these correlations corresponded
reasonably well to the experirnentally determined values as

shor,vn in Figures 6,7, and 8. The evapol'ator heat tt'ans-
fer coefficient scatter was 3O%, the conderrser heat transfer
coefficient scatter was +I5% and for the rnaxirnum treat
transfer rate it was also within L5%.

The experirnentally detet'mined treat transfer coeffi-
cients did not corl'espond well with existing cot'relatiorrs
glearred from the available published literature. This is
attributed to ttre limited availability of data pertaining to
ammonia and inclined orientations in the data-sets uporl
rvhich the existing correlations are based. Another rea-
son for this could be due to the complex and uncertain
nature of the heat transfer mechanisms taking place in a
thet'tnosyphon. The thermosyphon tested is relatively long
and it is possible that a number of mechanisms, as strown
in Figut'e l, ffi&y be taking place sirnultaneously in different
portions of the evaporator. Yet another reason could be
that the occul'r'ence of flooding (especially in inclined ori-
etrtations of a thet'tnosyphon) does rrot necessarily consti-
tute a state of nraxitnurn heat transfer. The heat transfer'
coefficietrts for opet'ation under' flooded conditions cannot
be expected to be the same as under conditions where the
liquid is flowing under relatively laminar flowing fihns, ei-
ther as fihns on ttre walls of the tube or as a rivulet along
the bottorn of the tube.
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