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Abstract

In this study, the systematic analysis, design, and operation of district heating systems (DHS) are investigated. Particular emphasis
is placed on the characterization of the heat transfer processes occurring between the primary and secondary circuits in indirect
district heating configurations, with special attention given to the modeling of heat substations. The governing heat transfer equations
applicable to heat substations are derived, and both the direct (fundamental) and inverse problem formulations are established.
Based on the developed models, operational working points are defined in accordance with varying consumer-side heat demands.
The fundamental heat balance equations are derived, input and output variables are identified, and solutions for the output variables
are obtained, thereby determining the system's operating point under known boundary conditions. The analysis is limited to steady-

state operation and steady-state operating points. Furthermore, an optimization framework is proposed, applicable from both the

service provider's and the end-user's perspectives. The presented models are inherently adaptable to both viewpoints.
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1 Introduction

District heating is a significant sector of the energy indus-
try in countries with suitable climatic conditions, play-
ing a vital role across Europe. Millions of residential
units, public institutions, and industrial facilities benefit
from district heating systems (DHS) throughout the con-
tinent [1, 2]. With the increasing integration of renew-
able energy sources, district heating is gaining even more
importance [3, 4]. These systems are uniquely suited for
accommodating renewable sources, such as geothermal
energy and biomass, and for large-scale applications [5—7].
DHS enable the highest efficiency in energy production,
particularly through combined heat and power (CHP) gen-
eration. The environmental significance of district heating
is well-documented [8, 9]. However, it is a complex tech-
nology that requires a high level of engineering knowledge
and expertise for both design and operation. Currently,
district heating networks (DHNSs) are characterized by

high supply temperatures and centralized heat generation
plants [10]. The development of fourth-generation district
heating (4GDH) and smart heat networks that meet the
heating demands of buildings is crucial for transitioning to
sustainable energy systems [11, 12]. The design and oper-
ation of heating systems and district heating substations
significantly influence the required supply temperatures
and achievable return temperatures. Although design tem-
peratures in new buildings are relatively low, several stud-
ies have reported difficulties in achieving reduced return
temperatures even in modern constructions [13]. Recent
research has investigated the relationship between DHS
and the heating requirements of buildings, in particular
by optimizing the supply and return temperatures achiev-
able in the heat supply. Operators aim [14] to reduce these
temperatures, thus increasing the efficient use of renewable
energy sources. The efficiency of low-temperature DHS can

Cite this article as: Garbai, L., Santa, R., BoSnjakovi¢, M. "System-theory Approach to the Operation of Heat Exchangers in District Heating Systems",
Periodica Polytechnica Mechanical Engineering, 69(2), pp. 171-181, 2025. https://doi.org/10.3311/PPme.40593


https://doi.org/10.3311/PPme.40593
https://doi.org/10.3311/PPme.40593
mailto:santar@uniduna.hu

172 | Garbai et al.
Period. Polytech. Mech. Eng., 69(2), pp. 171-181, 2025

be increased by the use of automatic balancing, advanced
hot water services and digital capacity monitoring systems.
Mathematical models [15] of some components of district
heating substations, such as heat exchangers (HE), control
valves, three-way valves and frequency-controlled pumps,
can help to optimize them and increase their efficiency.
These models can be used to simulate real systems based
on real data, facilitating the efficient operation of real-
time district heating plants. The operation of conventional
hot water supply systems, especially those with storage
tanks and circulating loops, are receiving increasing atten-
tion for the efficiency and sustainability of district heat-
ing. The aim of Benakopoulos et al. [16] is to present the
potential for low temperature hot water supply, taking into
account energy balance calculations and tests in real build-
ings. The analysis of hot water production and simultaneity
factors is important as they have a significant impact on the
energy balance and return temperatures. For example [17],
lower building density can result in more favorable return
temperatures, while instantaneous systems can provide
8-9 °C lower return temperatures.

Achieving low flow and return temperatures is key to
the efficient operation of district heating services, which
requires consumer substations and secondary heating sys-
tems to operate optimally with flawless temperature con-
trol [18]. Over the decades, it has become widely recog-
nized among district heating operators that identifying
temperature faults in existing systems [19] and designing
consumer equipment [20] properly can help reduce return
temperatures. Temperature faults can occur in different
parts of the system but are generally more significant near
the consumer equipment [21, 22]. Temperature faults in
DHS and optimization options are discussed in detail [23].

In recent years, a number of studies and models have
been developed to optimize DHNs. Some predictive mod-
els [24] are able to predict the capacity of an urban DHS for
a given period and determine the optimal operating condi-
tions and system parameters that minimize costs and maxi-
mize energy efficiency while ensuring that all heat demand
is met. To improve the operation of low temperature DHS,
various optimization tools are available to help minimize
heat production and distribution costs. MODEST software,
for example, uses linear programming techniques to reduce
capital costs, while CPLEX and GAMS systems are used to
solve complex mathematical problems [25].

In summary, the future of district heating is closely
linked to the increasing use of renewable energy sources,
the achievement of lower operating temperatures and the
drive to increase system efficiency.

In this paper, the systemic analysis, system-based
design, and operation of DHS are investigated. Particular
attention is given to the description of the heat transfer
process between the primary and secondary systems in
indirect district heating configurations, with an emphasis
placed on the modeling of heat substations. The heat trans-
fer equations occurring within the substations are derived,
and both the base and inverse tasks are formulated.
The investigations are conducted using input/output mod-
els with the objective of simulating the operation of heat
substations. Based on the presented models, operational
working points are defined and formulated to accommo-
date variations in consumer heat demand. The fundamen-
tal heat transfer balance equations are derived, the input
and output variables are specified, and the equations are
solved for the output variables, which, together with the
known input variables, determine the operating point.
Only stationary operation modes and stationary operating
points are considered. Temporal transitions between oper-
ating points and the characterization of transient phenom-
ena are not addressed in this study.

2 The energy balance of heating substations
The basic components of a DHS are illustrated in Fig. 1.

2.1 The structure and connection of heating substations
The system highlights the heat substation and demon-
strates its connections to both the primary and secondary
systems. The secondary system consists of a heating sys-
tem and a domestic hot water (DHW) subsystem. In the
heat substation, the components responsible for heat trans-
fer are the heating and DHW heat exchangers.

The efficiency and economic viability of heat exchangers
in DHS have been studied in [26, 27]. In systems that pro-
vide DHW, a hot water storage tank is also used. Circulation
in both the primary and secondary loops is maintained by
circulation pumps. Regulation and set-point adjustment are
managed through a computer-based process control system,
which is not specifically shown in Figs. 2 and 3. The oper-
ation of bypass valves has been analyzed [28] to minimize
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Fig. 1 Conceptual structure of a district heating system
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reduced temperature differences, and it was concluded that
there is no single solution suitable for all cases.

Heat substations can be configured either in series or
parallel based on the connection of the heating and DHW
heat exchangers. Fig. 2 illustrates a series connection,
while Fig. 3 shows a parallel connection.

2.2 The heat transfer equations of heat exchangers
The thermal sizing and performance analysis of heat
exchangers rely on accurate heat transfer and energy balance
equations. This section presents the fundamental formulas
for heating and DHW heat exchangers in series connec-
tion without bypass operation. Key parameters such as the
logarithmic mean temperature difference, mass flow ratio,
and effectiveness are highlighted for system evaluation:
* Heating heat exchanger balance equations — serial
connection without bypass operation:
The heat transferred through the heating heat exchang-
er is depicted with the primary side in a serial connec-
tion, without bypass operation, as shown in Fig. 2:

0 = kAAz,, M

where:

6t (" 1)
t—t, 2
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A _t2”

At, =

In
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If the nominal, rated, and maximum temperature
differences for the primary and secondary fluids are
known, the logarithmic mean temperature difference
At, can be determined, and using this, the size of the
heating heat exchanger can be calculated:

kA = g 3)
At,

The ratio of the circulating mass flows between the

primary and secondary systems:

"y _hoh

. ’ "’
m Lt

s

@

where the larger circulating mass flow occurs in the
secondary system.
Heat capacity rates is shown in Eq. (5):

W, =i, W, = rm,c. ®)

The larger heat capacity rate is in the secondary system.
The effectiveness of the heating heat exchanger in
the case of a counterflow heat exchanger:

o, (7,7,) = 10

ZI_ZQ,'.

©)

The analytical expression of the effectiveness in
Eq. (6) can be derived from the e-NTU (effective-
ness—number of transfer units) method, which takes
into account the thermal conductance (k4) and the
heat capacity rates of both the primary and second-
ary circuits. The detailed formula is:

P = m (7
A e‘[l‘wf]wﬁ

2

DHW heat exchanger mass balance equations — series
connection without bypass operation:

Calculation of heat transferred in the DHW heat
exchanger according to the notation in Fig. 2:

QDHW = kAAtk > ®)

where:

At = I —lpuw _(tl”_th) o
t, = - , L= )
In L —lopy

Z‘lv - th

If the nominal DHW demand is known, along
with the inlet and outlet fluid temperatures in the
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heat exchanger, the required size of the DHW heat
exchanger can be determined:

kA = Ql)ﬂ (10)
At,

The efficiency of the DHW heat exchanger in a coun-
terflow heat exchanger configuration:

tl* _tlﬂ
Porw HE = = . (I
L -1,

In Eq. (11), the determination of ¢, ... involves the
heat capacity rates of the fluids:

7[17 4 ](/(A)D!IWAIIE

l—e W3 puw HE m
Pouw e = - {17 W ]M . (12)
PRSP B
W, prw e

2.3 Determining the outlet characteristics on the
primary side of a heat exchanger, given the inlet
characteristics, in a series connection

This task is referred to as the fundamental task. Fig. 4
presents the system input/output model, where the heating
heat exchangers are represented as white boxes. The equa-
tions that establish the relationships between the input/
output variables are included within these white boxes.
Additionally, the temperature profiles are also displayed.

According to Fig. 5, the following variables are consid-
ered known: i, t/, m,, t;, Ly Mgy e > Wl’ Wzs Wz,DHw,HEs
(kA),, and (kA4)yy, - The unknown variables at the oper-
ating point are: £, 2, #, tyuws Ous Ooww e-

In Section 2.4, the behavior of the output characteris-
tics will be determined based on the known input charac-
teristics for heating and DHW heat exchangers connected
in series, within the framework of the fundamental task:
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Fig. 4 White box model of a two heat exchanger heat substation on the

primary side with serial connection in forward flow mode
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primary side in a serial connection for the fundamental task

* Heating heat exchanger mass balance equations:
The Bosnjakovic ¢-factor of the heating heat
exchanger is calculated in Eq. (13):

{pﬂ)%
o dl—eN WM g
Py = . ]_ﬁ )y t'—t”' (13)
1_&6 Wy ) W, b

2

The exit temperature of the primary hot water from
the heating heat exchanger is calculated in Eq. (14):

t=t/—q,(H-1). (14)

The heat transferred from the heating heat exchanger
is calculated, with no bypass ¢ =¢," :

QH = mlc(tll _tl*)

_ (1 -1)- (1 -15) (15)
= (kH,HEAH,HE) r—7 5
In1—2
t—t
0, =(k4) | (5 ;”2 —thj. (16)

The secondary supply hot water temperature is cal-
culated in Eq. (17):
90,

ld = f” +—. (17)

2 2 VVZ
The (kA),,, must be such that it satisfies this condition!

* DHW heat exchanger balance equations:

The Bosnjakovic g-factor of the DHW heat exchanger
is calculated in Eq. (18). All necessary input data is
available for this calculation:



—(I— WLDHW,HE ](kA)l)HW_Hh

W, W,
l_e 2,DHW HE 1
DHW W _{1_ WI,DHW,HH ](kA)DHW‘HI{ ’
1 WZDIIW‘IIE Wl
l-————e¢
Wz,DHw,HE

(18)

The exit temperature of the primary hot water from
the DHW heat exchanger is calculated in Eq. (19):

" *

=1 —Pppw ue (11* _Zh>'

(19)

The heat transferred from the DHW heat exchanger

is calculated in Eq. (20):

QDHW,HE = n"tlc(tl* - tl”)'

(20)

The secondary forward DHW temperature is calcu-

lated in Eq. (21):

tonw =1, +—.QDHW’HE . 1)
VV2,DHW,HE
If the condition ¢, > ¢ is not met, the DHW

DHW.design

inlet temperature must be adjusted, for example, by

applying priority operation.

2.4 Given the input characteristics of the heat
exchangers, the output characteristics on the
primary side for a purely parallel-connected
heat substation are determined

Fig. 3 illustrates the parallel connection, and the task

is defined in Fig. 6, where the following parameters are

known: my, t, m,, tj, t, Mg e > KA s (KA iy s

/4

1H > I/VzH > VVZ,DHW,HE .
. . * ek
operating point are: ¢, ¢, ,

The unknown variables in

the

t, QH, Q'DHW,HE. This setup

suggests that a system of equations can be used to solve for

the unknowns, utilizing known inputs and calculated out-

puts based on heat exchanger relationships and operational

conditions in the system.
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In the following, we will determine the sequence of the
output characteristics based on the input characteristics
for the heating and DHW heat exchangers in the case of
parallel connection:

» Heating heat exchanger mass balance equations:

The Bosnjakovic ¢-factor of the DHW heat exchanger
is calculated. All necessary input data is available
for Eq. (22):

O (W3 Wy (KA) )

,(1,@]%

R A 22
- . [
1 (22—
I_VI./IH e( qu]Wlu ! 2
Wou

The exit temperature of the primary hot water from
the heating heat exchanger is calculated in Eq. (23):

h=t—, (1 -1]). (23)
The heat transferred is calculated in Eq. (24):

O = (=1 )W, @4
As is well known (Eq. (25)):

O, =W, (t/-13). (25)

Therefore, the forward secondary heating tempera-
ture is calculated in Eq. (26):

f=1+ Q” (20)

2H

DHW heat exchanger balance equations can be defined:

(pDHW (VI./]DHW >"" 2DHW > (kA)DHW,HE )

,[1,MJM

_ l—-e Wpaw m (27)
- ; LA YT
1-— Me [1 WZDHW,HE] W,
VVZ,DHW,HE
whereas:
ZDHW _tH
Ponw =,
#—t,
- . (28)
- Oouw Wmnw( -1 )
Wapiw (tl, Iy ) VV2DHW ( —1ty )
therefore:
n=t = oy (1 =1, ) 2R 29)
I/VIDHW
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The heat transferred is calculated in Eq. (30):

QDHW = PouwWapuw (tl’ Iy ) 30)
The temperature of the produced DHW is calculated
in Eq. 31):
QDHW
fow =1, + 2V 31
o " WZDHW ( )

The temperature of the returning primary hot water
after mixing is calculated in Eq. (32):

tf=—DIW " g (32)
W, W,

Finally, the secondary forward DHW temperature is
calculated. If it does not meet the required tempera-

ture value, a new operating point must be set.

2.5 Determining the necessary input characteristics

for series-connected heat substations on the

primary side, when applying bypass control,

based on the performance requirements

imposed on the heat exchangers

This task is referred to as an inverse problem. According
to Fig. 7, the known parameters are: 1, n1,, W,, W,, tl,
WZ,DHW,HE, s Lopws Q.DHW’HE, Q,,. At the operating point,
the following output parameters are to be determined:
mlh” VVI,H’ mDHW,bypass’ tlﬂ’ tl*’ t]"

The process of calculating the exit characteristics is
determined based on the known input characteristics
for the heating and DHW heat exchangers in the case of
a series connection in an inverse task:

* DHW heat exchanger balance equations:

The capacity of the DHW heat exchanger is known:

QDHW,HE = VVI (t;k _11”)' (33)

mn, — .
F———> myy
n, ————>

W — ——> Wy

W, — Determining the necessary

input characteristics on the > "ipaw, bypass

t;, ——> primary side for series-
W connected heat substations with
_— )
2,DHW HE bypass control, e

based on the performance
requirements imposed on the

tohgw ————> heat exchangers. >t

thh —

QDHW,HE _—

o ——> .

Fig. 7 Relationship of input and output characteristics in a series
connection with bypass operation mode

The exit temperature of the primary hot water is cal-
culated in Eq. (34):

tl” = tl* ~ Pouw (tl* -1, )7 (34
which:
Ponw = Pouw (VVI > VVZ,DHW,HE ’(kA)DHW!HE )a (35)

can be calculated based on the known data.
The entering temperature to the DHW heat exchanger
can be calculated from the two equations:

(o, Do (36)
Oouw X,

Exit temperature of the primary hot water from the
DHW heat exchanger is calculated in Eq. (37):

tl,,: tl* _ QDHYV,HE ) (37)
m

Heating heat exchanger mass balance equations:

The values calculated according to Eqgs. (34) and (37)

should be the same. Temperature of the hot water leav-

ing the heating exchanger is calculated in Eq. (38):

w_ O
t =t =+ 38
FEh (38)
If the ¢ calculated from Eq. (38) is smaller than
t, calculated from Eq. (36), bypass control must be
applied. In the bypass control, the determination of

the mass flow rates is the objective, meaning that
Egs. (39) and (40) must be satisfied:

m] = ml,DHW,bypass + ml,H > (39
and:
VI‘/] = I/.VI,DHW,bypass + VV],H' (40)

During the bypass operation period, the value of ¢
is assumed to be constant. Bypass control must be
implemented in such a way that the mass flow distri-
bution ensures that the # hot water exiting the heat-
ing heat exchanger, when mixed with the hot water
coming through the bypass branch, results in the hot
water required by the DHW heat exchanger at a tem-
perature t; . Equations (41) to (43) can be written:

Wit +W, H=wt, @1

,DHW ,bypass

VV],H + VV],DHW,bypass = I/Vl > 42)



{17@]7“?““
1—6 Wan ) Wi tl/ _tl**

. i 17@](104),_/ - tlr _tzr/ =Py (43)
1_ I/VI,H e Wz,ll Wl,n

2,H

In Egs. (41) to (43), the following characteristics are
unknowns:

. . .

W W, t

1,DHW ,bypass > “1 *

It is assumed that the values of W,, t; and ¢ are
known. The result of the bypass operation will be
a change in the heat transferred by the heating heat
exchanger, which will decrease. The task involves
solving the system of nonlinear Egs. (41) to (43),
which are mathematically defined.

2.5.1 The solution process in the case of a serial bypass
configuration

In systems where a serial bypass configuration is applied,
the distribution of flow and thermal energy becomes more
complex due to the interaction between the primary heat-
ing circuit and the DHW loop. To determine the thermal
balance and operating point of the heating heat exchanger,
a step-by-step substitution and simplification of the gov-
erning equations is required:

Wl,DHW,bypass = Wl - WlH (44)

Substitute this into Eq. (41):

VVI,HZI** +(VV1 _VVI,H)tl,:W./ltl*ﬂ 45)
sorted by:
111 =, (=), o)
From Eq. (46):
. (-1
Winw =W, u @7)
(t, — )
whereas:
-t
=1 1 48
ou =y (“8)
with Eq. (47):
. . . 1 -t 1
W, =Wt 1)) ———= WL —. 49)
. o : Oy (tl _tl) : Z] _tl Py

On the other hand:

Py =Py (VVIH ] (50)

W,
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In Eq. (42), where Ww is the unknown, Eq. (49) only
contains one unknown, namely W1 »- From Eq. (49), W, "
can be determined, though only through iteration. After
the calculation, the operating point of the heating heat
exchanger must be recalculated, including the heat output
and the exit temperatures.

2.6 Determination of optimum inlet characteristics

for the required outlet characteristics of heat
exchangers for primary-side heat exchangers

with series connection

The objective of this task aligns with that of the fundamen-
tal task (Section 2.5), with the key difference being that the
primary supply water temperature # and the primary hot
water flow rate 7z, and W, are derived as a result of opti-
mization. In other words, while both tasks aim to achieve
the same end goal, in this case, the optimal settings for the
primary water flow and temperature are calculated through
the optimization process, leading to different operational
parameters compared to the fundamental task.

2.7 Determination of the inlet characteristics on the
primary side for pure parallel connection, knowing

the outlet characteristics of the heat exchangers

This task is called an inverse problem. According to Fig. 8,

the known parameters at the operating point are Q,,, ¢,

2 "
t,, t,,

Wz u» (kA), and the following output parameters
are to be determined: ¢/, Wl -

In the following, we determine the flow of the output
characteristics for the heating and DHW heat exchangers
in parallel for the inverse task:

» Heating heat exchanger mass balance equations:

Heat exchanger capacity is calculated in Eq. (51):

’

tz 5

t
ty, —>»
Determining the input
characteristics on the
primary side based on
the known output
characteristics of the
heat exchangers for a
pure parallel
connection.

ty ——>
t, ——m»
tppy —>
kA)y ——m>
(kA)puwe ——»
Wor  ——> ———> Wipnw
Wyppwne —>

Qy ——>

Qpuwae —

Fig. 8 Relationship between input and output characteristics in parallel

connection configuration
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" 1)

From this, ¢/ can be determined iteratively. Once ¢
is known, the heat transfer equation can be used to
determine:

O

g (52)

1H

* DHW heat exchanger balance equations, whereas:

Q' :(t{_tDHW)_(t;*_tII)
P In tl’ ~ Ipuw ’ (53)

4

tH

from # can be determined by iteration.

The value # obtained from the heat exchanger cal-
culation is compared with the value ¢ obtained
from the heat exchanger calculation and the higher
value is retained.

The primary heat capacity rate at the DHW heat
exchanger is calculated in Eq. (54):

i =228 54
1 1

3 Optimal district heating substations design

3.1 Determination and sizing of the main parameters
of a compact, variable mass flow, two heat exchanger,
variable connection (series-parallel) district

heating substation

For sizing and selecting the heating center, it is essential
to know the heating and DHW heat demand that will be
supplied. For heating demand, the design daily average
heating capacity at a 99% reliability level must be known,
while for DHW heat demand, the design daily peak demand
duration diagram (with a 99% reliability level) must be
understood. The sizing process aims for an economic opti-
mum, which differs for the service provider and the inves-
tor/consumer. For the service provider, it is advantageous
if the consumer uses as little mass flow as possible and
returns the water as cooled as possible. Ensuring these two
aspects leads to a situation where the volume flow of pri-
mary hot water circulated through the network — and con-
sequently the circulating work — increases by the smallest
possible amount, and the heat loss in the primary network

either remains unchanged or decreases due to the low
return water temperature.

The operator of the heating center aims to minimize the
costs related to the investment in the heating center. They
strive to install the smallest possible heat exchangers and
hot water storage tanks, while also attempting to mini-
mize the amount of connected primary hot water. There
is an intermediate optimum when considering the sizes of
the DHW heat exchanger and the hot water storage tank.
If a larger hot water storage tank is chosen, the size of the
DHW heat exchanger must be increased, and vice versa.
Minimizing the amount of connected primary hot water
results in a decrease in the return hot water temperature,
but it increases the required heat exchanger surface area.

3.2 District heating substation design based on
the principle of economic optimization from the
investor's perspective
In district heating systems, optimizing the substation design
from an economic standpoint is essential for minimizing
total investment and operational costs. This section presents
a method that determines the optimal configuration by com-
bining thermodynamic sizing with economic evaluation.
The procedure starts by selecting a storage volume and ana-
lyzing its impact on component sizing and cost distribution:
* The primary supply temperature # is assumed to be
given.
» Let's choose a storage size.
* This allows us to determine the required capacity of
the DHW heat exchanger QDHW,HE.
* Write Egs. (55) to (57) for the DHW heat exchanger:

Oouw e = mlc(tl* _11”)’ (33)
: 1 —t —(t"—t
QDHWHE:kADHWHE(l DH:V) (1 h)’

: : t—touw (56)

In——2*%
t'—t,
T Iouw — 1,
(P(VVHVVLDHW,HE ) = ﬁ (57)
1 7

In Egs. (55) to (57) mentioned, there are four unknowns:
b, tl"’ VVI’ ADHW,HE' )

Assume the value of W, (7, ) and treat it as an external
parameter. Solve the system of equations to obtain, ¢, ¢
and Ay e
heat exchanger.

Afterward, determine the size of the heating



The capacity of the heating heat exchanger is:

S (-n)=(d-1)
QH - kAH ZI, _tzr . (58)

A _Zh

In

In this case, # is already known. From Eq. (54), the
size of the heating heat exchanger is:
0,In %
3 4 -t %59

{0 -]

Based on the known heat exchanger areas and storage

volume, the annual investment and operating costs of the
heating plant are determined. By varying the storage vol-
ume — while keeping the value of 77, constant — the opti-
mal plant configuration resulting in minimal total cost is
identified. For each 1, value, the corresponding optimal
heating plant size is determined.

4 Results

Figs. 9 and 10 illustrates the key characteristics of the heat
exchanger's operation and the mutual influence of import-
ant parameters as a function of the k4/W, ratio. The main
characteristics include the heat exchanger efficiency (¢,,)
and the outlet temperatures on both sides (# on the pri-
mary side and #, on the secondary side). These variables
directly indicate the effectiveness of heat transfer within
the system. The most important parameters affecting these
characteristics are:

10 1 —— Effectiveness gu
0.8 1
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i
c
2
@
=
w
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Fig. 9 Effect of the k4/W, ratio on heat exchanger efficiency of the heat

exchangers
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Fig. 10 Effect of the k4/W, ratio on the outlet temperatures of the heat
exchangers

* kA: the product of the heat transfer coefficient and
the heat exchanger surface area, representing the
capacity of the heat exchanger. A higher k4 value
generally leads to more efficient heat transfer.

W, : the heat capacity rate on the primary side, which
influences the rate of temperature change. A larger
heat capacity rate tends to slow down temperature
variations.

* The ratio kA/W,: this ratio combines the effects of k4
and W, showing how the heat exchanger's capacity
relates to the thermal capacity of the primary fluid.

Fig. 9 shows that the heat exchanger efficiency increases
with rising kA/W, values. This indicates that enhancing the
heat transfer surface and capability or reducing the heat
capacity rate on the primary side, leads to improved per-
formance. Fig. 10 further illustrates this improvement
through the outlet temperature trends: the primary side
outlet temperature decreases, while the secondary side
outlet temperature increases, signaling a more effective
energy transfer. Understanding this relationship is essen-
tial for heat exchanger design, as selecting an appropriate
kA value is critical for achieving optimal operation — espe-
cially under given heat capacity conditions. The interplay
of these parameters supports the proper sizing of the heat
exchanger to maximize efficiency while considering the
system's physical characteristics.
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5 Conclusions

The design and operation of DHS is a highly complex task.
Due to variable weather conditions, it is often necessary
to establish new operating points almost hourly to meet
changing consumer heating demands. One of the most
critical components of DHS control and process manage-
ment is the substation. In this study, the fundamental bal-
ance equations for both the space heating and DHW heat
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