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The paper analyses the transient behavior of a vertical plate evaporater for ammonia, this
picce of equipment belonging to a refrigeration machine or heat pump.

The evaporator consists of vertical wavy metal plates, tighten together by welding points.
The liquid ammonia is fed at the upper side of the plates and flows film-wise downwards under the
foree of gravity. The secandary heating fluid is a thermal oil and flows upwards { in counter-current
1o the refrigerant ) at full section.

The mathematical model of this heat exchanger takes into account the fact that dry boiling
may occur, so that the equations for normal elements, for the last wetted element and for the dry
elements have particular forms,

For the last wetted element, the heat passing from the heating fluid to the refrigerant film is
not computed by means of the thermal resistance between the oil and the upper surface of the film,
but by meens of the total vaporzed liguid quantity coming from the previous element. The vapor
mass flow rate leaving this element is equal to the liquid mass flow rate that leaves the previous
clement. A special procedure for computing the total wetted length of the evaporator is developed.

The program built for simulating the transient response of the evaporator allows to find out
the values of the outlet parameters according to the values of the inlel parameters and their type of
time vanation.

The inlet parameters are:

- the mass flow rate density of the secondary heating flusd
- the mass flow rate density of the refrigerant at the upper side of the evaporator
- the refrigerant temperature at the upper side of the evaporator
- the temperature of the secondary heating fluid at the lower side of the evaporator
- the refrigerant mass flow rate absorbed in the absorber
The outlet parameters are;
- the mass flow rate density and the temperature of the refrigerant as function of time and space
- the mass flow rate and the temperature of the secondary heating fluid as function of time and space
- the pressure in the evaporator as function of time

A few graphical representations for some outlet parameters at different time and space steps
for stepwise time variations of some inlet parameters are also provided. The start of the vaporizing
process is analvzed (oo and the results are plotted.

Comments on the physical meaning of the results of the simulation are provided for each

analyzed case.



2, Introduction

The analysed ammonia - water absorption refrigeration machine is presented in figure |
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Figure 1. The ammonia - water absorption refrigeration maching provided
with wavy - plate type hea- and mass exchangers

The vapor generator, the absorber, the condenser and the evaporater wse as secondan
heating agent a special type of therml oil

All the heat and mass exchangers within the above presented ammonia - water absorption
refiigeration machine are of the wany plate type. Some details of these wavy - plate tvpe eschangers
are presented in figure 2

Fignre 2. The construction of the wavy multi-plate 1tvpe beat- and mass exchangers

For modeling purpose. the system will be divided into sub-systems The variables ocourring
in this moedel can be separated in two categories: - potential varables {the temperatures),
- Mow variables {inass flow ratesh.



Mhe generater's and evaporator's temperatures and mass flow rates represent independent
variables since these ones do not abways work with the same temperatures and mass fow rates

The anlet variables represent the femperatures and mass flow rates of the four fuids that emer
the main four components of the thermal absorption machine, namely: the absorber, the vapor
weneratar, the condenser and the cvaparator

The outlet variables represent 1he outlet temperatures of the four fluid flows

The hear flows nnd the svstem power perlormances can be computed [rom (hese twelve inle
and outlet variables

The block schemes o the absorber and evaporator are presemed in feore 3

As for the evaporator it 1s thooght that the concentration is a parameter with wiven value and
therefir it is no comprised by the other inlet or outlel parameiers

The heat pump - or the reffigeration machine - has a high pressure zone and a low pressure
zong. It can be thought that the pressure in those zones {subsystems) depends on the vapor mass
flows that leave the film or are absorbed by the film as well as the vapor wemperature. The influence
af the solution variable flows upon the components volume can be neglecied

The wvapor fows depend - among other things - on the balance temperares and
concentrations ol the solution upper films

One can notice the validity of the same equations for the model construction of the
evaporator and condenser on the one hand. and for the absorber and generator on the other hand

Ag for the subsvstem from figure 4, the concemration, the temperature and the mass fow
rate should be considered as independent inlen variabies
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3. The equations for the model

The model selection can be done based on the analyses of processes taking place on the
plates. [t can be noticed that the phenomena oceur for two thin laminar flowing films- that's why the
maximum - gradient model was chosen for simulation, according 1o which the phenomena of hear,
mass and impulse transfer are described by equations with partial derivatives of hyperbolic type

The models with distributed parameters have proven to be more suitable for the evaporator
By resort to the conservation equations, the evaporator is divided into several elements and each
constituent element is o be treated as a group with concentrated parameters. This kind of
representation leads 1 a set of ordinary differential equations connected ag their trn,

Only heat transfer can be met between the thermal oil and the plate (on the one hand), and
between the wall and the refrigerant flm {on the other hand).

According to the Reynolds eriterion for the working medium and oil it can be noticed that the
flowing regime is laminar, while the velocity profile is parabolic. Due 1o their welding points, the
upper surface of the plates is light wavy. The plate can be thought as a plan wall because the venical
deviation is small,

In the vapor generator and in the evaporator the same processes are met, but in opposite
directions, and the heat and mass flows should be considered in counter sense

The basic assumplions in consiructing the equations for the evaporalor are
L. Each plate of the evaporator is formed from a series of elements distributed on the plate height
The plates are considered as plane plates. For differem elements the parameters representing the
evaporators” behavior, as well as the thermodynamic and plysical properties can be different but
inside each element they do not change.

2, The tangent heat conduction in the cooling fluid and wall s neglected. The thermal resistance of
the metal wall is neglected too.

3. The ammonia is a Newionian Jiguid with laminar flowing only under the action of the graviry
forces and abrasion forees to the wall

4. The mass transfer is achieved by diffusion perpendicularly to the flow direction, while the heat
transfer by convection in the flow direction. The mass transfer by diffision and the heat transter by
convection in the flow direction are neglected - assumptions of the maximum - gradient maodel,

5. The met temperatures and pressures allow the ideal gas assumption for the vapors.

6. As the interface, thermodynamic balance between liquid and vapors s met. The valid relation for
this imerface regarding the temperalure, mass coneentration and vapor pressure is linear

7. For a liguid element film. in computing the heat transfer rates, a linear vanation of the temperature
is assumed between the liquid-vapor interface and the wall,

B, The released heat ffom the ligquid film towards the vapor phase by free convection or radiation is
neglected

49, The parameters for the simulation model can be considered as having one-dimension geomelry

The concentration, temperature and velocities profiles m the evaporator are presented in
figure 3

ln order to have an accurate representation of the dry boiling in the evaporator, two
additional systems of equations are 1o be built: one for the last wetted element and one for the dry
zone. That element that is still fod with liguid, and releases vapors only, was noted with the “mwer™
index. For this element the following considerations are available:

- The heat passing fram the oil towards the refrigerant film is not computed by means of the thermal
resistance between the oil and the upper surface of the film. but by means of the vaporized ligu:d
quantity coming from the previous element

- The vapor mass flow rate leaving this element s equal to the liquid mass flow rate that leaves the
previous element.
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From the heat balance for the first element the following equations can be abtained:

a (T, - Thdx = M,e, (T, - T,) + M, Ah (9)
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For the tirst element. the equations (4 ), { & }and { 7 ) are modified into:
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For the last wet element { figure & ) it is presumed that the Glm from the former lement is all
evaporated within this element. Thus, the equation { 1 ) changes o

One of the boundary conditions is: M., =100 (15}
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Figure 5. The concentration, temperature and velocity profiles in the evaporator

When the wetted length s chosen oo tong, the computed mass flow rate density s negmive
which is impossible from physical point of view. When the wetted length is chosen too small, the
mass flow rate density will be zero and the temperaure differentiai T, - T will bBe so large that 7.
will be under T°. which in vaporizing is impossible ( it makes no sense). During the dvnamic
fumctioning the werted length can change. This means thay for each 1ime step the real wened length
should be searched. According to this reason it was developed a special procedure mmplyving that the
miass fMow rate density 1ends 1o zero

Firstlv. & calculation that uses the same wetted length as for the previous time step is done
Hy means of the value from the frst and the second element behind the last wetted element the new
wetted length can be estimated. The mass flow rate density can not be used to do this due 1w s
supposition as being equal 10 zero

During the dynamic functioning cenain situations may occur when some of the model
equations are not valid. Strong subcooling of the dry zone (when the wall has a temperature below
the condensation one), represents a proper example. 1t is then when condensation takes place in 1hal
zone and therefor the last values of the mass flow rate density are not used because the wetted Tengih
stiays the same. The wiy to solve this problem is 1o choose a domain of the wetted length by means
of a correction factor greater than one, I “nwet™ is taken too large, the mass flow rate density for
the element behind the last wetted one becomes negative and thus the “nwet” decreases

For current elements - excepting the first, the last wetled and the dry elements - the equations
are as followws:
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Figure 6. Scheme of the last wetted element in the evaporator

For the dry elements. the equations ( 23, (43 and (7 bwm to

F-i, =1 [i6)
M= (17
M, = 18}

4, The space and time boundary conditions

I order o solve the preseated partial derivatives eyuations both space and time boundar
conditions are necessary T he space and time boundary conditions shouid be available for the opened
Fand 17 rewarding the domain [x=0, 1= (L. 1] the fiollowine conditions are valid

domain As for Ty,
Tt h=T ()
EL01) =2 )

riol - Dl

(9

As ror 1, regardime the donin fx - Lot =t b 1 tive foliowenyg condition s valid
Teifeh ™ Taat 1) (200

As for the initial space values in the domain (s = (4, bt =ty ), continuos funetions can be
chosen for Tw.To .. 2 si I° The calculation starts from the related equations 10 the maodel’s steads
state working conditions. Beginning from this steady state. the caleulation for the dynamic regime is
then done This approach is proven to be a realistic one due 1o the trequent practical situations when
disturbances oceur during the steady state working conditions

The modeiing required equations for the steady stale regime are obtained by setang o zero

the time depending terms fom the differential Squations.



in the vvaperator simulption, the vapor phase has been divided ino the same number of
clements as the liquid film.

The marix of the model s constructed as a band matric. By changing rows or columns, a
minimal band width is constructed

When the elemens are coupled ogether in order to form a svstem, the owpul parsmerers of
tive mass How, the beat Tow and the vapor phase of one element will alfect the similar parameters of
another element. That is why the mass conservation must be accomphshed not only for one elemen:
but for the whole system. As for the system simulation, the lollowing assumption should e
considered
1. The entire condense leaving the condenser towards the evaporzior should evaporate there
Otherwise a part of the condensate will remain in the evaporator, causing there the inerease of the
liquid level (this liquid which can reach the plates that form the heat transfer surlace)
2. The evaporator and the absorber are coupled by the wapor phase The vapor pressure is
established by means of the evaporation lemperature i the evaporator. The absorbed vapor mass
Mo rate should equal the vapor mass flow rate from the evaporator in order w reach the steady
state working conditions
3. The parameters of the svstem, winch are computed and measured should be stable under steady
state working conditions

The vapor phase model used for the absorber and the evaporator is presemed in fizure 7
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Figure 7. e vapor phase model for the absoier and the evaporator

Ihe eguanions of e vapor phase madel used for the absarher and the evaporator are
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equations system for th

The system of equations presented lor modeling the evaporator will be solved numerically

The dynamic behavior of the distributed system is deseribed by means of certain quasi-linear
differential equations with partial derivatives of hyperbolic type. Related to their solving there is a
need of a space and time discretization. The spatial discretization is achieved based on a rectangular
erid.

The method used for solving the system of equations is the implicit one. The implicit method
computes the differential coefficients as function of the searched solution. Due to the fact that this
one 15 still unknown, a non - lincar system of equations should be solved. Therefor, the implicit
method requires more computing time. Yet, there is a great advantage consisting in the face thar the
method of computing is stable. As for the explicit method, there is always a limit of the step
dimension depending on the variables.

Another reasen lor choosing the implicit method is that the Glm from generator/absorber and
evaporatorfcondenser has a low time constant and therefor not only the previous values but even the
time constant show a dependence varying with the dimension of the time siep. The met tume
constants - after the input of the specific - seem to be about 0.3 s while the time step should be
much lower as for the explicit method. In the case of implicit method a larger step of time can be
used

The equations presented above are discretized and weitten as matris equations as follows:
j_" - ;\:.r."-l ‘31'

Bv changing the rows and columns in an adeguate way, the matrix for the model forms a
band matrix. To start the simulation the boundary values are considered valid in every plate element
in the static version. Thus initial values are given, although thev are far from the equilibrium
situation. The equations are solved, providing new values of state. This procedure is iteratively
repeated until the values for the last element do not differ less than a small number & berween two
steps. The iterating procedure implies the method of successive substitutions. Thus, the static
solution lor the evaporator is established, and the right initial values for dynamic simulation are
provided. These walues are written in a file which is red by the dymamic part of the program
Consequently. it is not necessary to compute initial values for different values of a step beginning
from the initial standard conditions,

[n the model, the static version has three further equations for energy and mass conservation

checking.
The heat transferred from the liquid il towards the wall is:
Q.- _i'rlQ- : j' a (T, - T, )hdx (22)
II'I'I]n: hmtutransihrmd from the wall towards the cooling medium is:
Q = jduf - jfh'['l; =1, yhdx (23)
gThn: m1a.i mass of absorbed vapaors is:
ML, M, = [, < M, 29

i
In case of dynamic simulation these checks are not relevant because heat and mass storaze

during the transient behavior may oceur



6, Results of the simulation

In order to clarify the way the simulation program works. the mam clements that should be
taken inte account for the evaporator are illustrated further on,

Data required by the construction of equations describing the evaporator should be eniered
from the keyboard, These equation can also be written in vectonal form:

d
—— X AX+BU (271
dt

Y =CX+ DU (28)

In the above mentioned relations, X represems the state vector, U the inler vector and ¥
the outlet vector. A B. C and [ represent the matrixes revealing the connection between differen
vectors. According 1o this form, one can notice that the state vector is differentiated with respect 1o
time.

The state parameters are:
- The mass flow rate density of the refrigerant ['{ Kg/ms )
- The temperature of the heating fuid T, (K )
- The temperature of the heat exchanger wall T, { K )
- The temperature of the refrigeramt (K )
- The pressure within the evaporator and absorber p( N/ m® ) or the vapors’ enthalpy H, ( 1/ Ka |

The input parameters (including the boundary conditions, bur excepting the initial
conditions) are:
= The mass Oow rate density of the heating Muid T ( Kg/ms )
= The mass flow rate density for the refrigerant at the upper side of evaporater T, (0.0 { K )
- The temperature of the refrigerant ar the upper side of evaporator T, (01) { K
- The temperature of the heating uid at the lower side of evaporator Ty (L) ( K )
- The temperature of the wall at the lower side of evaporator T, (L) ( K )
= The mass flow rate of the refrigerant absorbed by the absorber my, ( kg /s)
- The evaporator’s heat loss due to the vapor transport 1o the absorber and the imperfiect thermal
alation of the svstem
The variation of an input parameter can be done according the following models:
- Step-wise function:
= Sinus function,
- Exponential function,;
- “Trend * function

The output paramelers are:

- The mass flow rate density and temperature of the refiigerant as function of time and space,
= The mass flow rate and temperature of the heading fluid as function of time and space;

- The pressure within the evaperator and absorber as function of time,

- The temperature of the vapors within the evaporator and absorber as function of time.

In order to obtain functions for each outlet parameter. a svstem of six independent equations
hias 10 be built according 1o those six parameters



Besides the state. input and output parameters one needs some additional imformation for the
computation. such as:
- physical properties of the substances p.n . ¢ . A
- rates of heat wransfer o
- temperature of saturation Ty
- latent heat of evaporation Ahy,
- rale showing how large the wetted zone of an element is ( for the dry zone 2=0; for the tirst up 1o

last but one wetted element £=1, for the last wetted element 0 < £ < | )
The computing program consists of three main parts:
Part 1 Data input regarding: - construction elements and Muids
- initial conditions in the process
- boundary conditions (the input parameters)
Part 11 EfTective computation
Part 111 Results' output into files

The initial conditions can be introduced in the svstem by two altermatives:

The first alternative starts from the steady state working regime. The values of the stan
parameiers are calculated by means of the boundary conditions met in the respective steady state
situation. In this case, the following data are be introduced:

- the refrigerant mass {low rate at the upper side of evaporator

- the temperature of the refrigerant at 1he upper side of evaporator
- the mass flow rate of the heating fluid

- the temperature of heating fluid at the upper side of evaporator
- the pressure within the evaporator

In the second alternative it is presumed that the evaporator starls for the first time. By means
of the heating fAuid, the evaporator is heated and afterwards the liquid refrigerant is pumped into the
evaporator. As for this case the required data refer to;

- the mass flow rate of the heating fluid
= the temperature of the heating Ouid at the lower side of evaporator
- the pressure within the evaporator

Then. it is presumed that the entire evaporator is brought up 1o the infet temperature of the
heating fluid.

Some of the simulation results are herein presented. Three cases of simulation are to be
discussed: I. Step-wise variation of refrigerant’s mass flow rate.

2. Step-wise variation of heating fluid’s inlet temperature.
3. Beginning of the evaporation process

The input data for the simulation are:
a. Equipment dimensions for the low pressure zone:

Evaporater  Length [ 167 m Absorber Length . 167 m
Width 0290 m Width 0200 m
Height 0.992 m Height 0.992 m
Working height (LB00 m Working height 0800 m

Connection pipe between  Length 1.5m

vaporator and absorber Diameter 01615 m

Mumber of identical heat exchangers within the evaporgtor 3

Refrigerant File NH3

Thermal agent File GHL

Heat exchanger’s material File MATSC

Ir. The initial conditions will be mentioned for each analvzed case.




The results of the simulation for the three above mentioned dynamic stwations will by
presented in the next paragraphs

6.0, Step-wise variation of refrigerant’s mass Mow ale
The values of the input parameters are

- aEEnonia mass flow rate Mygge = 05 kg /5
- thermal oil mass low rate Mo, =01 kg ls
= ammoma’s temperature at evaporator's mlet Tus =608 K

= thermal oil s temperalure al evaporator s inlet Ton, 278 K

- evaporalion pressure pu = 330400 Pa

AT =10, the ammonia mass Tow rate increases suddenly by 10 %, op o (035 Ky's,

The oiher boundary conditions reman identical. and so does the vapor How rate 1o the
absorber too,

The time intervals for the simulation are of 1 second each. The total thne for the simulation 15
20 seconds, and 1t is longer than the time requested by the refrigerant flow to pass through the whole
eviporator, so that after 20 seconds the disirbance will be experienced along the whole height of
the evaporator. The evaporator is divided into 20 elements

The time vartaton of the mass flow density for the refngerant along the entire hewght of the
evaporator and al dilferent moments is presented in fgure 8. The deseribing curve tor this variation
can be divided into 3 zones. The mass tlow rate density tor the first zone, that involves the lirs
element, increases because the liquid enters the evaporator at a sub-cooled state (T-267.1 K. and
the vapors condense at the hguid's film surface unnl the remperaore becomes equal to the sawration
one. When the exchanged heat towards a liquid film element overpasses the necessary of sensitive
heating, the extra-heat 15 provided as latent heat o the refrigerant and therefor the mass flow rate
densiy decreases. The second zone of the curve decreases rom element I down 1o element ®
Elemen 4 is the last wetted  elemem
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Fignre 8 Time variation of the refrigerants” mass low rate density within the evaporator
Case | Step-wise increase of anumonia mass ow rate by 10 %0



According 1o figure 8, more refrigeram vaporizes al the lower side of the evaporator than at
the upper side. This can be explained by the greater temperature difference belween the refiigerant
and the heating fluid. The temperature of the refrigerant s constant, while the temperature of the
heating Muid increases from the upper to the lower side The variation of the heat transfer coefTicien
on the refrigerant film side can not be emphasized because an average heat transfer coefficient was
considered for this model,

The third zone refers 1w the dry zone of the evaporator because the mass flow rate density of
the refriverant is zero - due 1o its total evaparation

The corresponding curves for the time moments of 0, | and 3 seconds have the same looks
After the disturbance has occurred and the time increases, the wetted length and the mass flow rate
density will increase along the entire height of the evaporator

Figure @ presens the time varation of the heating fluid’s temperature along the evaporator's
height, as a result of a step-wise variation of the ammonia mass flow rate. The describing curves can
be divided imo two zones. Starting from the first element, the heat transfer between the heating fluid
and the refrigerant is large due to the fact than the refrigerant enters the evaporator at a sub-cooled
state and the temperature difference between these fluids is larze. For an increasing ammonia mass
Aow rate, the temperature of the secondary fluid has the tendency 1o decrease along the firs1 four
elements of the evaporator, where the ammonia phase transfer takes place. The mass flow rate of the
thermal oil is constant. Af a given moment 7, the representztion of the heating fluid’s temperature
shonws its variation up to the 4* element. afterwards it remains stable - this forms the 2™ zane The
A" element represents the last wetted element within the evaporator

The heat transfer belween the heating Ouid and the ammonia Glm is proportional 1o the

temperature gradien On the ather hand, the heat transfer coefficients between the metal plate

[

N
and the ammaonia liquid film are much bigeer that those berween the metal plate and the vapor phase
Thus, the heat transferred to the refrigerant is much bigeer during the first four elemems, and the

remperature of 1he refrigerant decreases in time a1 the upper side of evaporator
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Figure 9. Time varation of the heating Duids” temperature within the evaporalor
Case |. Step-wise increase of wmimonia mass tow rate by 10 %



Figure 10 presents the time variation of the evaporation pressure, as a result ol the step-wisz
merease of the ammonia mass Bow rate and under the assumption that the ammonia Now rate leaving
to the absorber is zero. The pressure is computed by means of the ideal gas law. Sinee the ammoma
enters the evaporator at a sub-cooled state, during the Grst second vapors” condensation takes place
and the pressure decreases simultaneously. Starting from sceond 2, the mass flow rate wmerense leads
1o the pressure increase, as a resull of the animonia increased mass Mow rate evaporating from the
cvaporator
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Figure 10, Time varistion of the evaporation jressure
Case 1 Step-wise increase of ammonis mass thow rate by 10"y

6.2, Srep-wise varintion of the heating Quid’s temperature

This simulation uses the same imtal mpul parameters as those for the paragraph o 1 The
mler temperature of the heating Quid has 2 sudden deerease by 5 K The emire time for the
simubation 15 of 20 seconds and the steady state situation is the same

Figure |1 presemts the variation of the refrigerant’™s mass flow rate density s function of
time, along the evaporator’s height. The 5 K decrease of the heating Tuid’s temperature has an
msigmficant impact upon the evaporator’ s wetted length, so that the number of the wetted elements
is lhe same
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Figure 1 1. Time variation of the refrigerants” mass flow rate density within the evaporator
Case 2. Step-wise decrease of the heating Duid’s temperature by 5 K

6,3, Beginning of the evaporation process

By pumpine the heating agent into the evaporator. this one is heated up to 278 K A
refrigerant flow at 266.8 K is then introduced into the evaporator. Figure 12 presents the variation of
the refiigeram’s mass ow rate density, as function of time. The entire time for the simulation 15 20
seconds

It s presumed that the evaporator is already filled with vapors even before the liguid
amimonia is introduced. Thus, the vapor's condensation takes place on the liquid surface and the mass
flow rate density increases. Tt can also be noticed that as time passes. the wetted length mereases. as
@ result of the lowing process that takes place along the entire evaporator’s heigl
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Figure 12. Time variation of the refrigerants” mass flow rate density within the evaporator.
Case 3 Beginning of the evaporation process
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rding the results of the simulation

Speaking from a qualitative point of view, the presented model leads to physical coherem
results for the dynamic vanation of the mass flow rate density, temperature and pressure.

The validation of the dynamic model for this type of ammonia evaporator will be studied by
one of the Ph.D. students of our department, who will carry on the research regarding an smmonia-
water absorption heat pump,
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9. Nomenclature

Latin letters

Width of the plate
Specific molar heat
Specific heat

Constant in the formula for the saturation temperature

Mass of the differential element

Constant in the formula for the saturation temperature

Maolar enthalpy

Specific enthalpy

Height of the plate

Molar vapor mass

Mass fow rate

Pressure

Heat flow

Specific heat flow

Umiversal gas constant

Enthalpy of evaporation

Absolute temperature

Temperature on the Celsius scale
Time

Welocity along the x axis

Yolume

Welocity along the v axis

Coordinate along the height of the plate
Coordinate perpendicular on the plate

Greek letters

Convective heat transfer coefficient
Werting density

Film thickness

Diference

Etficiency

Feflux ratio

m
L T
K.L"Kg K
Ky

KJ/ Kmol
KI/ K

m

Ka/ Kmol
Ku s

bar

W

kJ Ky
Kl Kmol K
RJ /R

K

»

5

m' s

m'

m/ls

m

m

KW/ m K
ke/ms
m



A Thermal conductivity W' 'mK
u Dwnamic viscosity Pa s
v Kinematic viscosity m s
i) Density Kg/m
= Anmonia mass concentration Ku/ Kg
[ Coetlicient showing how large the wetted zone of an element is
Subscripts
cond  Condensation ail Charaeteristic for the heating oil
c Cooled medium o Evaporation
I Heating fluid out  Outlet
in Imlet P Al constant pressure
k Sub-cooled temperature at the ] Sawraion
entrance m the Grat element v Vapors
m Refrigerant Muid medium W Wall
Superscripis
. Interthce
# Equilibrium
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