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This paper indicates 21 possible tasks for the calculation of heat exchangers and
specifies in particular the procedure for determining heat exchanger operating
point. Features of heat exchanger energy micro-balance are contained in its mathe-
matical model, and features of its macro-balance hold in relations for heat flow
rate. Operating point of heat exchanger is defined by satisfying micro and macro
balances. The paper presents basic relations for determining operating points for
some types of tasks and algorithms of certain procedures. A special case in which
two, one or none non-trivial solutions appear within two of 21 tasks is analyzed and
discussed separately. Presented procedures are very suitable for the preparation of
own software for the calculation of operating parameters of any heat exchanger
and analysis of heat exchangers network.
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Introduction

Within traditional assumptions for the calculation of heat exchangers [1], a series of
task may occur depending on primary data which are known for a given heat exchanger.

Thus, for example, Bosnjakovic [2] classifies basic tasks of heat exchangers calcula-
tions into seven groups whereas, Novikov et al. [3] and Levin et al. [4] indicate that totally 21
problems can be grouped into six types of tasks. It is natural to keep the division of totally 21
tasks as it directly follows from possible combinations of two unknowns each in a set of seven
starting values relevant for determining the operating point. Gvozdenac et al. [ 5], Bacli¢ [6], and
Shah et al. [7] specified review of all known 21 possible problems. Also, they precisely define
traditional assumptions for the calculation of heat exchanger and procedurally indicate
specificities of calculations for certain tasks.

Although there are many papers which deal with calculations for various types of heat
exchangers, only few systematically analyze all possible types of problems which can occur in
practice. This paper provides systematic approach for resolving all 21 defined types of tasks.
Two of all these tasks are particularly analyzed. Those are tasks in which unknowns are fluid
stream heat capacity rate of one fluid stream and inlet temperature of the other fluid stream. In
these cases, two non-trivial solutions, one or none for given data can appear. This behavior of a
heat exchanger occurs only in case of those heat exchangers which have in their flow arrange-
ment counter or cross flow component, irrespective of the fact how complicated they are. In case
of pure parallel flow there are no two non-trivial solutions.

The software package based on procedures presented in this paper is given in [8].
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Problem definition

At the beginning of the analysis, it is natural to distinguish /ot and cold fluid streams
which are designated with (h) and (c), respectively.

The first law of thermodynamic is to be satisfied in any exchanger design procedure
both at macro and micro levels. The overall energy balance for any two-fluid heat exchanger is
in explicit form as [5, 6]:

mhcph(Th in Th out) = mccpc(Tc out Tc in) (1)

This equation certainly satisfies the macro energy balance under the assumptions
usual for the basic design theory of heat exchangers [1]. The main assumptions assume that
overall heat transfer coefficient (U) and isobaric specific heat of fluids (c,) are constant. Next
important assumptions are that heat losses are negligible and flow rates of fluids are constant.
However, it is often not very obvious that the e-NTU-w relation in general form:

¢ = f(NTU, o, flow arrangement) 2)

is the statement expressing the micro energy balance for the particular two-fluid heat exchanger
under the same assumptions. This particularity is due to the uniqueness of the solution of the
governing differential equations and boundary conditions for a particular flow arrangement.
These differential equations, describing the fluid-temperature fields in the heat exchanger core
are the statements of micro energy balances for an arbitrary differential control volume of that
particular core. The boundary conditions specify where the fluids at temperatures 7}, ;, and 7,
enter the core in a particular flow arrangement. The solution of such a mathematical model,
which introduces the overall heat transfer coefficient U and the total heat transfer surface A4,
gathered in the overall conductance U4, enables the evaluation of both fluid outlet temperatures
(T}, o and T, ) for the particular flow arrangement. Due to the simplifying classical assump-
tions underlying the theory, the mathematical model is linear and tractable by available methods
of calculus. This means that the effectiveness relationship of eq. (2) can be derived for any heat
exchanger no matter how complicated the flow arrangement is. This fact makes the e-NTU—w
method universal. This method will be used consequently in this paper. The intention of this pa-
per is not to polemize about other methods used [7].

The second important feature of the e-NTU—w method is the thermodynamic signifi-
cance of the dimensionless groups appearing in the analysis. They are: (1) heat capacity rate ra-
tio, (2) number of transfer units, and (3) heat exchanger effectiveness.

The fluid heat capacity rate ratio is defined as:

o= @ (3)
WmaxA
In this equation, W,,;, means lower heat capacity of two streams (W, = min.(W,, W,).
Simply, the ratio of smaller and larger heat capacity rates for two fluid streams is in closed range
[0, 1] and represents the dimensionless group suitable for understanding overall fluid tempera-
ture changes. The condition @ = 0 indicates the tendency of the strong stream towards the iso-
thermal change, while @ = 1, the trend of each stream to undergo the same temperature change
from the exchanger’s inlet to outlet (balanced streams).

Similarly, thermodynamic reasoning can be associated with the second dimensionless
group, the number of heat transfer units:

NTU = ud

(4)

min.
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It is the ratio of overall conductance UA and smaller heat capacity rate (W,,;, ). The
range 0 < NTU < in practice has finite upper limit, but thermodynamically speaking, the higher
NTU (higher overall conductance and smaller ¥, ) the smaller local temperature differences
across the heat transfer surface area and consequently lower irreversibility. This means that
better heat exchanger flow arrangements must have higher monotonically increasing effective-
ness with NTU.

The effectiveness (¢) of any two-fluid heat exchanger is essentially dimensionless
measure of the heat quantity which is actually transferred between two streams normalized with
maximum possible fluid enthalpy change in the system. This hypothetical quantity of heat can
be seen as the enthalpy change of the weak stream (stream with lower heat capacity) undergoing
the maximum possible temperature change (7}, ;, — 7. ;,) Without any losses. The heat exchanger
effectiveness is then simply defined as:

_ Qact _ Wh(Thin _Thout) . I/Vc(Tcout _Tcin)

Qmax. Wmin.(Thin _Tcin) Wmin.(Thin _TCin)
and it is a unique measure of its thermal performance. Uniqueness in this context means that the
same effectiveness is obtained by writing Q,,, either in terms of hot fluid parameters or in terms
of cold fluid parameters.

The effectiveness is to be obtained from the solution of the mathematical model men-
tioned above and will, thus, depend on two dimensionless groups which are the heat exchanger
parameters N7U and @.

The operating point of an exchanger is the set of ¢, NTU, and @ values that identi-
cally satisfy both its macro and micro energy balance. The flow arrangement as an argument
of the e-NTU—w relation makes the heat exchanger operating point unique for the particular
flow arrangement. Different flow arrangement has different operating points even for the
same values of two arbitrarily chosen out of three corresponding parameters (¢, NTU, and @ ).
If this is not the case, the flow arrangements are said to be equivalent.

In practice, a designer is faced with the problem of seven physical entities (for a spe-
cific flow arrangement and for 0 <@ < 1) that have to satisfy just two equations, namely eqgs. (1)
and (2). These equations state an unambiguous relation of the type:

f(Th i Th out! T,

cin

©)

act

T oo UA, (mcy)y, (mc,),, flow arrangement) = 0 (6)

For an arbitrary, but specified flow arrangement, any five of seven variables must be
known for heat exchanger operating point determination. Depending on the combination of two
unknowns that have to be determined in order to satisfy eqs. (1) and (2), there are 21 = possible
problems for determining heat exchanger operating point. They are shown in tab. 1 classified in
six groups.

It can be stated that data on mass flow rates and fluid types are included in ;= (mc,);
(i=h, c) or so cold strongness of fluid streams. Units of these heat capacities are the same as for
UA [WK™']. Dimensionless heat exchanger groups: NTU and @ are combinations of these di-
mension values. As overall heat transfer coefficient (U) can be defined independently of the size
of heat transfer surface area (4), complex UA has not to be divided into constituents. But, com-
plexes W, have different nature. Known W, assumes that both mass flow rate (m,) and isobaric
specific heat of fluid (c,, ;) are known. If one of these two values is not known, this means that
heat capacity is not known. In this paper we are using only fluid heat capacity ().

By defining all seven basic heat exchanger parameters according to the energy bal-
ance, it is possible to define the heat exchanger operating point (HEOP).
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Table 1. Twenty-one problems to determine the heat exchanger operating point

Group | Problem UA yCon MCoe T in Th out Tein s
no. no. | [WK'] | [WK'] | [WK'] | [°C] [°C] [°C] [°C]
1 27 279
2 279 272
2 I
¥E 3 27 299
e
% 2 4 299 229
o
5 279 277
1l
6 272 279
I 7 229 279
8 279 272
o £ 9 277 77?7
S5
£
g 10 272 279
E
1 299 27
12 279 279
13 279 229
14 299 279
15 279 272
v
o 16 299 277
£ 5
52 17 299 229
& A 18 299 222
19 299 272
VI
20 279 27
21 299 279

The sizing problems in groups I and II, and the rating problems in groups III and IV
can readily be recognized. However, the problems in groups V and VI may be termed as the re-
gime problems [5-7]. They are most difficult to solve because there is no possibility to identify
fluid streams according to their relative strongness and eqs. (1) and (2) must be treated and re-
solved simultaneously based upon a guess made for the ¥, ;, stream. Also, problems 14-17, 19,
and 21 always have one solution, but problems 18 and 20 have two or one non-trivial solutions
or none.

It should be noted that in all tasks (groups V and VI), except tasks 18 and 20, it is possi-
ble to determine heat flow rate without determination of two unknown variables. Practically,
this means that in all tasks, except in tasks (18) and (20), the heat flow rate is also given and the
problem of determining operating point is reduced to one unknown value. The tasks 18 and 20
are specific because two independent equations have to be resolved simultaneously and there-
fore, it is possible to obtain two, one, or none solutions.

In the case when w = 0, there are two special types of heat exchangers named condens-
ers and evaporators. The remaining are only five variables and known flow arrangement and to-
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tal number of tasks is, thus, equal to 10 =3. Five of them belong to condensers and five to evapo-
rators. Effectiveness of any flow arrangement of evaporators and condensers is:

g=1-e NU (7)
Basic relations covering all 21 tasks

In the index of variables given in tab. 1, there are letters ‘h’ and ‘¢’ standing for ‘hot’
and ‘cold’ fluid, respectively. However, for the calculation that follows, it is crucial to make a
distinction only between weaker and stronger fluid streams. The fluid stream in which the prod-
uct of mass flow and isobaric specific heat is smaller (weaker fluid) will be designated as min.,
and the other one with max. All basic relations that follow are written recognizing only fluids ac-
cording to which one is min. and which one is max.

If effectiveness, heat capacity rate ratio and two or three inlet-outlet temperatures are
known, unknown temperature can be calculated using one of the following equations:

+l(T
@

max. out

T = T

min. in min. out

-T

max. in )
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min. out
l-¢
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If any three of four input-output fluid temperatures (7 in in> Zmin.outs Zmax.in> @09 Tax out)
and heat capacity rate ratio (w) are known, heat exchanger effectiveness can be calculated using

one of the following equations:

e= ! (7 i, in = unknown) (12)
1 Tmin. out TmaxA in
+w
T, max.out T max. in
T =T . .
= l max. out max. in (Tmm wt = ] OWH) (13)
w ijnin _Tmax.in
£= ! (T yax. in = unknown) (14)
Tmin. in Tmax. out
o+ —
Tmin. in ijn. out
T .in _Tmin. ut
£= —Tr::,,lin - Tmaxin (7 pyax. out = unknown) (15)

In the case when three input-output fluid temperatures and heat exchanger effective-
ness are known, the heat capacity rate ratio can be found using one of the following equations:

T T
o=[ Lo |Tmon T main p_enoemy 6
& Tmin out Tmax. in
1 T, X. out =T X, i
Toinin — T,
& Tmin in Tmin. out '

Heat capacity rate ratio cannot be found without knowing 7, ., ... (for this group of
problems).
Heat exchanger heat flow rate (Q) can be determined using the following relations:

0= Uie |Tmin out ~ max.in| (Tminin = unknown) (19)
NTU(-¢) ' i ’
UAe
=—IT . . — . T . =unknown or T’ = unknown 20
Q NTU | min. in max. 1n ( min. out max. out ) ( )
UA
=20 7. T . =unknown 21
Q NTU | min. 1in min. out ( max. 1in ) ( )
0 = UAAT (22)

Values for mean fluid temperatures in the stream space of the exchanger are usually es-
timated on the basis of arithmetic means between inlet and outlet temperatures:

Tminin +ijnout

min. ar
2
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Tmax.in +T,

T — max. out (24)

max. ar
2

Mean fluid temperatures are important for determining thermo-physical properties of
fluids. They can be determined in a different way, for example, as mean integral temperatures
[6, 7].

Heat flow rate of heat exchanger can be calculated by using one of the following equa-

tions:

Q = Wmin. (Tmin. in Tmin. out ) (25)
Q = Wmax. (Tmax. out Tmax. in ) (26)
Q = ngin. (Tmin. in Tmax. in ) (27)

. &
Q I Wmin. ( min.out Tmax. in ) (28)

l-¢

. &

Q = VVmin (Tmm in Tmax. out ) (29)
1 -we
. &
- ¢ w (T,  -T 30

Q 1 _ (1 + C())S min. ( min. out max. out ) ( )

Procedures for resolving problem tasks per certain groups
Group I (sizing problems)

As heat capacities of both fluid streams are known, it is possible to designate fluid
streams as min. and max. (weak and strong) and calculate heat capacity rate ratio. The effective-
ness is calculated by using one of eqgs. (12)-(15). In the next step, the number of transfer units
(eq. 4) is determined and then unknown temperatures using one of eqs. (8)-(11).

The size of overall exchanger is given by the product (UA) which can now be easily
found (= NTU W_,;,, ). The heat flow rate is calculated from one of egs. (19)-(21) and (25)-(30).

Finally, it is necessary to define mean fluid temperatures and their specific heats. With
known specific heats, mass flow rates can be calculated.

In the case when fluid mass flow rates are given, specific heats have to be assumed,
fluid heat capacities calculated and whole calculation performed. On the end, the specific heats
are calculated and if there are significant deviations between assumed and calculated specific
heats, the calculation has to be repeated.

Group Il (sizing problems)

In this group of tasks, all four temperatures are known. By using the eq. (1), it is possi-
ble to calculate heat capacity rate ratio in such a way to satisfy the condition ® < 1. Accordingly,
it is possible to designate fluid stream which carries the mark min. and which carries the mark
max. and by so doing definitely designate fluid streams.

The effectiveness of heat exchanger can be calculated using eq. (15). Number of heat
transfer units is calculated using eq. (4). Isobaric specific heat of fluids is calculated for corre-
sponding referent temperatures.
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Unknown mass flow rates are determined according to:

w_.
_ . _ min.
Wmax. - cp max. M max. » Wml @ Wmax. s Mygin, = (3 1)
cp min.
W, W
— . _ " min. . _ max.
Wmin. - Cp min. " min. > Wmax. - s Mpax, = (32)
o Cp max.

Group Il (rating problems)

There is only one problem here. The calculation is completely identical with previous
one up to the moment when it is necessary to determine mass flow rate. Here, mass flow rates are
equal to:

w.

m = nin_ (33)
p min.

Mmoo = WmaxA (34)
p max.

Group 1V (rating problems)

Designation of fluid stream strongness can be simply done if specific heats of fluids
are known. If strongnesses are approximately equal and when specific heats are substantially
changed with temperature of fluids, it may happen that fluid streams will have to be re-desig-
nated after calculations have been completed. This mostly refers to tasks 8 and 13 when both in-
let and outlet temperatures of the same fluid are unknown.

The calculation of heat capacity rate ratio and the number of heat transfer units is per-
formed in the same way as for previous groups of problems.

If @ and NTU are known, the heat exchanger effectiveness is determined from known
relations for selected heat exchanger.

Unknown temperatures are determined under egs. (8)-(11).

Group V and VI (regime problems)

When the group V is in question, from tab. 1, we can see that the heat flow rate can be
directly determined. This simplifies the problem and, as already explained, one unknown is de-
termined without using the other one.

For the group of tasks VI it is necessary to point out to two important facts. First, it is
not possible to designate weak and strong stream according to a certain criterion and secondly,
for these tasks it is characteristic to perform simultaneous resolving of egs. (1) and (2). In the eq.
(1), one of below relations is available:

e=f ( WL//A , 0, flow arrangementj (W ax. = unknown) (35)
UA
e=f , 0, flow arrangement | (W, =unknown) (36)

From eq. (2), the following relations can be obtained:
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GJS(NTU, CO) _ Tmax. out Tmax. in

- (Tmin. in — unknown) (37)
1_8(NTU360) Tmin. out _Tmax. in
T . . —-T.
S(NTU, CO) — ~ min. in min. out (Tmax = unknown) (38)
1_8(NTU360) Tmin. in _Tmax out '
Tmax out _Tmax in
ws(NTU,w) = : : (T in. o = unknown) (39)
min. in ~ ¥ max. in
Tmin in Tmin out
ENTU, @)= 75— (T o = unknown) (40)
min. in — 4 max. in

Depending on the concrete task, it is necessary to use above equation in which the right
side is known. If the right side of egs. (37-40) is marked as K = const., the characteristic equation
can be written in the following way:

@ =fle,w)-K (41)

Those values of @ for which the characteristic function is zero are solutions of the
task. For tasks 19 and 21, the characteristic function is monotonously ascending but for tasks
18 and 20, this function has minimum and two solutions may appear (fig. 1); one solutions
(when abscissa is tangented) and none solution when @ > 0 in the whole interval 0 < IV < o,
The example in fig. 1 refers to the counter flow heat exchanger where given data are: U4 =
=4.57TkW/K, W, =3.00kW/K, T} ;,=105.1°C, T,,;,=15.0°C,and T, ,,,= 54.4 °C (task 19). In
fig. 1, it is clear that the solution is W, =4.575 kW/K. The unknown outlet temperature of hot
fluid is 7}, ., = 45 °C (one of eq. 9). However, for the same exchanger but for the task 18, in
case of unknown inlet temperature of hot fluid (7},;, = 7) and known outlet temperature of the
same fluid 7} ;=45 °C, there are two real solutions for the heat capacity of cold fluid: W, =
=4.575 kW/K, the same as in the task 19 and W, =0.736 kW/K. In the first case, it is obtained
that the value of unknown temperature 7, ;, = 105.1 °C and in the second case, 54.7. Of course,
if this last temperature in the task 19 is taken as known, a completely new solution will be ob-
tained for this task.

Very similar analysis can be 0.60-
carried out for tasks 20 and 21 54

(fig. 1). 0.40 ,Tzo”é
In fig. 2, concrete example is P D
7 ’;13"’"""

exchanger) for four different 0.00 / /g// ,
values of W, (2.0; 3.0; 4.408, \\—-2// i g 7 8

and 6.0) when resolving the 020

problem 18. Other parameters _g 44
are given in the figure itself. The

abscissa provides all possible  —0.60
values for heat capacity rate ra- |
tio and the ordinate provides WIKW/K]

Yalues for. Cha}racterlstlc .func— Figure 1. Characteristic function @ versus heat capacity (W) for
tions. As in thls. task w. IS. n(_)t counter flow heat exchanger (tasks 18, 19, 20, and 21). Given data
known and W, is known, it is  for example 19 are: U4 = 4.57 KW/K; W}, = 3.00 kW/K;
necessary to investigate values — Tyin=105.1°C; Teip = 15.0 °C; T ou¢ = 54.4 °C

[

presented (counter flow heat 020 \
[
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1.50 T | T
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1.25 1—Task 18: Counter flow

' UA = 4.57 KW/K
| W, =2;3; 4.408; 6 kKW/K
10T =2 W, = 6 KW/K /
075 1 Th’out: 45 °C | /Ir
T -150°C |_—T  4.408 KW/K / /
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Figure 2. Dependence of changes in values of the characteristic function for counter
flow heat exchanger vs. the capacity rate ratio (o) for task 18 (W, is presented as

parameter)

of characteristic function in the interval 0 < I, < «. In this interval, it is also inevitable to re-des-
ignate streams due to the use of necessary equations in which clear distinction is made between

Wi and W, .. . For the left part of fig. 2, W,
Wmin4 = Wh and Wmax.

mi

= W, and W,

max.

= W, is valid. It is clear from the figure that for the case W}, =2 and 3 kW/K

= W, is valid and for the right part,

there are two solutions, for the case W}, =4.408 kW/K one and for the case ¥, = 6.0 kW/K none.

Table 2. Task 18 (counter flow)

Input data

UA (kWK™ 4.57 457 | 457 | 457 | 457
Wh (kWK™ 2.00 2.00 3.00 3.00 | 4.408
Th out [°C] 45.0 45.0 | 450 | 450 | 450
Tein [°C] 15.0 15.0 15.0 150 | 15.0
T out [°C] 54.4 54.4 54.4 544 | 544
Calculated values

/8 (kWK™ 0.48 9.92 0.74 | 457 1.68
1) [-] 0.239 | 0.202 | 0.246 | 0.656 | 0.380
NTU [-] 9.557 | 2.285 | 6.200 | 1.523 | 2.728
£ [-] 0.999 | 0.867 | 0.993 | 0.667 | 0.877
Thin [°C] 54.4 240.5 | 547 105.0 | 60.0
0 [kW] 18.8 391.0 | 29.0 180.1 | 66.0

The calculation results for
this example are presented in
tab. 2.

For task 20, the calculation
procedure is similar and it is
not necessary to be especially
analyzed.

If the calculation for the
task 18 is carried out for paral-
lel flow heat exchanger of the
same size and similar input
data only one solution is ob-
tained (fig. 3). Here, only hot
fluid outlet temperature is
higher than in the previous
case. This is physical limita-
tion of parallel flow heat

exchanger or 7}, ;ue > T our-
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1.50 7 | | ‘ ‘
(11) [2_5] | Task 18: Counter flow
: UA = 4.57 KW/K -
W, = 2; 3; 5, 6 KW/K W, = 6 kWK \\
1.00 7= 7, =2 3.5 KWK N N
Thouw=57°C 3 kW/K\ N
075 17 W=7 2 KW/K /
Toin=15.0°C
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Figure 3. Dependence of changes in values of the characteristic function for parallel
flow heat exchanger vs. the capacity rate ratio o for task 18 (W}, is presented as
parameter)

The calculation results for this example are presented in tab. 3.

Table 3. Task 18 (parallel flow)

Input data

UA [kWK™'] | 4.57 4.57 4.57 4.57
Wh [kWK™'] | 2.00 3.00 3.50 6.00
Th out [°C] 57.0 57.0 57.0 57.0
Tein [°C] 15.0 15.0 15.0 15.0
T out [°C] 54.4 54.4 54.4 54.4
Calculated values

W, (kWK™ | 3.23 2.49 2.33 1.99
1) -] 0.620 0.832 0.665 0.332
NTU [-] 2.285 1.832 1.962 2.298
£ -] 0.602 0.527 0.578 0.716
Thin [°C] 120.5 89.8 83.2 70.1
(0] [kW] 127.1 98.3 91.8 78.4

The calculation for task 18 will be presented in the case of cross flow (both fluids un-
mixed). In this case, as well as in the case of counter flow heat exchanger, it is possible to obtain
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two solutions, one or none. The results of this calculation and relevant input data and calculation
results are presented in fig. 4 and in tab. 4.

Such a behavior of different flow arrangements of heat exchanger can be explained in
nature over micro energy balance, the resulting governing differential equations for different

1.50
@] | Task 18: Counter flow
1.25 UA = 4.57 KW/K
W, = 2; 3; 3.546; 6 kW/K
1.00 T T, =2
Thou=45°C W, = 6 KW/K / /
075 T— W, =
Top=15.0°C — | / /
050 77 Tou = 54.4°C 3.546 KW/K
e /
0.25 -
\ 3 KW/K
] ,/
0.00 > o /
-0.25
~—— 2 KW/K
-0.50
-0.75
0o 02 04 0B o8 1o g8 os  op 02 00
-1.00
o [-]
Oﬁw:%SI ogi:%g1
”/h w WC
« pie -

Figure 4. Dependence of changes in values of the characteristic function for cross flow
heat exchanger vs. the capacity rate ratio for task 18 (W, is presented as parameter)

Table 4. Task 18 (cross flow — both fluids unmixed)

Input data

UA (kWK™ | 457 | 457 4.57 457 | 457
Wi [kWK™'] | 2.00 | 2.00 3.00 | 3.00 | 3.546
Th out [°C] 45.0 | 45.0 45.0 45.0 | 45.0
Tein [°C] 15.0 15.0 15.0 150 | 15.0
Te out [°C] 544 | 544 54.4 544 | 544
Calculated values

W, [kWK™'] | 049 | 6.96 0.83 2.78 1.42
® [-] 0.245 | 0.287 | 0.278 | 0.926 | 0.400
NTU [-] 9315 | 2.285 | 5.486 | 1.645 | 3.222
£ [-] 0.993 | 0.821 0.962 | 0.593 | 0.861
Thin [°C] 54.7 182.1 | 559 81.5 | 60.8
0 [kW] 193 | 2743 | 328 109.4 | 559
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flow arrangements and different boundary conditions. Typical case of counter flow arrangement
is when boundary conditions of one fluid are given for one end of the heat exchanger and the
other for the other end. It is similar for cross flow, but not for parallel flow. For it, boundary con-
ditions are given from the same end of the heat exchanger.

The same applies to complex multi-pass flow arrangements where fluids flow in coun-
ter or cross directions. In that flow arrangements two, one or none solutions can be expected for
tasks 18 and 20.

Conclusions

The calculation of heat exchangers for all possible 21 cases is presented in a systematic
way. In so doing, usual assumptions for the analysis of heat exchangers are used [1]. The pre-
sented calculation procedures are very simple and suitable for the preparation of own software
which can also be used in complex calculations for the network of heat exchangers. Two of the
21 tasks are particularly interesting and analyzed in details as they can produce two, one or none
solutions. These are the tasks 18 and 20 in tab. 1.

The calculations are performed for heat capacity of both fluids and mass flow rate of
fluids is not specially considered. As mass flow rates are usually known (or found in calcula-
tions), it is necessary to assume mean fluid temperatures and determine mean specific heats and
calculate heat capacities. Upon the completion of calculations, final values of specific heat of
the fluids are determined and mass flow rates calculated for concrete fluids and, if necessary, the
calculation is repeated depending on deviations between assumed and calculated values.

Nomenclature

— total heat transfer surface area, [m?] U — overall heat transfer coefficient,
e — specific heat of fluids at constant [Wm2°C™]

pressure, [Jkg '°C ] UA — overall heat transfer conductance, [W°C ]

m — mass flow rate, [kgs’l] w — fluid stream heat capacity rate, [WeC™!
NTU — number of heat transfer units, [—] Greek lett
T — temperature, [°C] reer tetter
Ty — mean fluid stream temperature, [°C] £ — heat exchanger effectiveness, []
AT - Egtél]perature difference between streams, ® — heat capacity rate ratio, [-]
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