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Abstract: In this study, experimentally investigated exergy loss for different plate surface angles in the plate
heat exchangers. Chevron angles of plate heat exchangers are 30° and 60°. Firstly, an experimental setup used a
plate heat exchanger was constructed. Performance analyses for different plate surface angles in plate heat
exchangers were investigated. The heat transfer rate and exergy loss are determined. Results of the study show
that heat transfer rate and exergy loss for 60° is higher than 30°. The maximum heat transfer rate for 60° is about
35 kW. The minimum heat transfer rate for 60° is about 23 kW. The maximum exergy loss value for 60° is about
33 kW. The minimum exergy loss value for 60° is about 13 kW. The results of the study are given graphically.
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Plakal Is1 Esanjorlerinde Farkh Plaka Yiizey Acilari icin
Ekserji Kaybimin Deneysel Analizi

Oz: Bu calismada, plakali 1s1 esanjorlerinde farkli plaka yiizey acilari igin ekserji kayb1 analizi deneysel olarak
incelenmistir. Plakali 1s1 esanjorlerinin plaka yiizey agilar1 30° ve 60”dir. Calisma icin ilk olarak, plakali 1s1
esanjorl kullanilan deney diizenegi olusturulmustur. Plakali 1s1 esanjorlerinde farkli plaka yiizey agilart igin
performans analizleri yapilmstir. Is1 transfer miktar1 ve ekserji kaybr belirlenmistir. Calismanin sonuglari, 60°
plaka yiizey acisma sahip plakal1 151 esanjoriindeki 1s1 transfer miktarinin ve ekserji kaybimn 30° plaka yiizey
acisina sahip plakali 1s1 esanjoriindekinden daha yiiksek oldugunu gostermektedir. 60° plaka yiizey agisina sahip
plakali 1s1 esanjoru icin maksimum 1s1 transfer miktar: yaklasik 35 kW'dir. 60° plaka yiizey acisma sahip plakali
151 esanjorii i¢in minimum 1s1 transfer orani yaklasik 23 kW'dir. 60° plaka yiizey acisina sahip plakali 1s1 esanjorii
igin maksimum ekserji kayb1 degeri yaklasik 33 kW'dir. 60° plaka yiizey agisina sahip plakali 1s1 esanjoriindeki
icin minimum ekserji kaybi degeri yaklasik 13 kW'dir. Calismadan elde edilen sonuglar grafiksel olarak
verilmigtir.

Anahtar Kelimeler: Ekserji kaybi, 1s1 transferi, plakali 1s1 esanjorleri, plaka yiizey agisi, etkinlik

1. Introduction

Heat transfer between more than one fluid at different temperatures and separated from each other
with solid walls is very important in many engineering applications. A device that performs this
kind of heat transfer is referred to as a heat exchanger. Plate heat exchangers (PHEs) are widely
used in volume heating, air-conditioning plants, thermal power plants, chemical processes, and
recovery of waste heat. Heat transfer surfaces are usually thin metal plates in PHESs. These metal
surfaces can be flat or wavy form. PHEs usually have a higher total heat transfer coefficient than
shell-tube heat exchangers. The decreasing of the transferred heat amount from the heat exchangers
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causes decreasing in heat exchanger performance. This means a capacity decrease in the system.
Improvement of the heat transfer means optimum system dimension and fewer system costs and
fewer operating costs.

Gupta and Das realized the exergy loss of heat exchangers in a turbulent flow. Exergy loss has been
estimated for used configuration in their study. They presented the accurate perspective of exergy
loss and the result optimization of heat exchangers from the exergy viewpoint [1]. San and Pai
investigated the exergy loss of heat exchangers for waste heat recovery. The result of their study
shows that the exergy efficiency increases with the number of thermal unit (NTU) [2]. San
investigated exergy analysis of heat exchangers for waste heat recovery. San determined that
estimation of recovered thermal exergy affects the design of the heat exchanger [3]. Pandey and
Nema examined the effects of alumina and water as coolants on heat transfer and exergy loss in a
PHE. They carried out the heat transfer properties improve with an increase in Re and Peclet
number and with a decrease in nanofluid concentration. Pandey and Nema determined the constant
of exergy loss for water. They determined among coolants used in the experiment, exergy loss was
lowest with 2 vol. % nanofluid for a coolant flow [4]. Pandey and Nema carried out exergy loss
reduction in PHE. They used a corrugation angle of 30° in PHE and Reynolds numbers were in the
range of 650-2600 and 400-1650 for water and air, respectively. Pandey and Nema determined that
the exergy loss in the sinusoidal PHE is less than in the rectangular wavy PHE [5]. Wang et al.
worked on the design of PHEs in detail. They designed the optimum plate heat exchanger by
designing a mathematical model. The designed model helped to reduce the cost of energy
consumption [6]. Jafari et al. have performed a performance analysis of a brazed PHE. Their results
showed that brazed joints are an important design parameter in brazed PHEs [7]. Panday and Singh
investigated the effects of wire splices in the channel flow path on thermal and hydraulic
performance in PHEs. From their experimental results, both Nusselt number and efficiency
correlations were derived for use in PHEs [8]. Panday and Singh experimentally investigated the
effects of flow type and thermal variables in PHESs. The results showed that the flow distribution
becomes more uneven as the number of plates increases [9].

In the literature, experimental studies on the second-law analysis of different plate surface angles
(PSAs) of PHEs are very limited. In this study, the influence of PSAs of PHES on irreversibility is
experimentally investigated.

2. Experimental Procedure and Heat Transfer Analysis

The experimental setup consists of PHEs, boiler, hot water tank, valves, heaters, pumps, flow meter,
expand box, thermocouples. Temperature and flow rates can be set in the experimental setup.
Pumps can work as with three stages. Flow rates can be set with these pumps. When the
experimental setup is operated, hot water in the boiler transmit to the PHEs by a pump. Coldwater
from the water tank is transmitted to the PHE by a pump. Thereafter, heat transfer occurs between
two fluids in PHE. Heated water out from the system while cooled water returns to the boiler. The
experimental setup is shown in Figure 1. Chevron angles used in experiments are p=30° and p=60°
(Figure 2).

The heat transfer rate in the PHE is expressed as [11] (Eqg. 1-3):

0= Tﬁhcph(Thi — Tho) = M, cpe (Tei — Teo) (1)
Q = UAAT y7p (2)
AT _ (Thi - Tco) - (Tho - Tci) (3)
LMTD l (Thi — Tco)
(Tho - Tci)
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Maximum heat capacity for fluids in PHE is [11-12] (Eq. 4-5):

Ch = mhcph (4)
C. = MeCpe )
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Figure 1. Experimental setup [10]
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Figure 2. Plates have different plate surface angles [10]

Exergy loss for experimental setup can be determined as follows [13-14] (Eg. 6-10):

Q0 =E,+E, (6)
The exergy changes for the two fluids are calculated as [15-18]:

Ep = T, [mp(Sho — Sni)] (7

or
Ep = To[Chln(Tho /Thi)] (8)
E. =T, [mc(sco - Sci)] (9)

or
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E.=T, [Ccln(Tco/Tci) — meRcIn(P, — Pi)] (10)

where, A: heat transfer area of the plate, (m?), Cp : specific heat capacity, (kJ/kgK), C : heat capacity
(WI/K), E:  Exergy loss, [W], rii: mass flow rate (kg/s), Nu: nusselt number, Q: heat transfer rate,
(W), P : pressure, (Pa), PSAs: plate surface angles, PHESs: plate heat exchangers, s: specific entropy
(kd/kgK), T: temperature, (K), U: total heat transfer coefficient, (W/m°K), AP: pressure loss
between inlet and outlet of a channel, (Pa), AT wtp: logarithmic mean temperature difference, (°K).
The subscripts are given as c: cold fluid, h: hot fluid, i: inlet, o: outlet, e: environmental.

3. Results and Discussion

In this study, exergy loss for different PSAs in the PHEs was investigated experimentally. Effects
on exergy loss of plate surface angles were determined. In addition, the variation of exergy loss
with different flow rates for different plate surface angles was investigated. Figures 3 and 4 show
the variation of the heat transfer rate and effectiveness with chevron angles for 30° and 60°. The
results of the study show that the heat transfer rate and effectiveness for 60° are higher than that of
the other. As it can be appreciated from Figure 3, the peak heat transfer rate for 30° is about 23 kW.
The minimum heat transfer rate for 30° is about 16 kW. As it can be appreciated from Figure 3, the
maximum effectiveness for 30° is about 0.45. The minimum effectiveness for 30° is about 0.43. As
it can be appreciated from Figure 4, the peak heat transfer rate for 60° is about 35 kW. The
minimum heat transfer rate for 60° is about 23 kW. As it can be appreciated from Figure 4, the
maximum effectiveness for 60° is about 0. 50. The minimum effectiveness for 60° is about 0.43. It
is seen that the heat transfer rate increases as the temperature difference between the hot and cold
water inlet temperatures in the PHE increases. Similarly, it is seen that increase in the effectiveness
of the PHE.
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Figure 3. Variation of heat transfer rate and effectiveness with inlet temperatures
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of fluids for =30°
According to the results of the study, the most important variables affecting the heat transfer for the

PHEs are PSA and fluid rate. Heat transfer can be successfully improved by optimizing the plate
surface angle. Thus, effectiveness can be improved effectively by controlling the variables relating
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to the plate surface angle and fluid rate. When we look at the results of the efficiency analysis, it is
seen that it is similar to the results in Ref. [11].

Figure 5 shows the relationship between Nu and Re for different plate surface angles. In Figure 5,
the results of the experimental study were compared with empirical correlations defined by Gut,
Maslow, and Kovalenko. As it can be appreciated from Figure 5 these researchers obtained
correlations good match within the obtained from experiments. Figure 5 shows us that the angle of
the plate surface creates a secondary flow and provides an additional effect of turbulence to fluid.
Thus, the Nusselt number increases with the Reynolds number. This situation increases the heat
transfer coefficient and heat transfer rate. The results of this study show that the maximum heat
transfer rate has been obtained for B=60°. The minimum heat transfer rate has been obtained for
B=30°.
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Figure 4. Variation of heat transfer rate and effectiveness with inlet temperatures
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Figure 5. Variation of Nu with Re for different plate surface angles

Figure 6 shows the relationship between exergy loss and mass flow rate. The results of the study
show that exergy loss for B=60° is higher than p=30°. As it can be appreciated from Figure 6, the
maximum exergy loss for B=60° is about 33 kW. The minimum exergy loss for f=60° is about 13
kW. The maximum exergy loss for p=30° is about 18 kW. The minimum exergy loss for B=30° is
about 13 kKW. In experiments is seen that both the heat transfer rate and the exergy loss value are
very high for p=60°. The reason for this, the high-temperature differences are used in the
calculations. Heat transfer rates and exergy loss values have increased depending on the high-
temperature difference. As can be seen from the analysis, exergy loss varies with heat transfer rate
and flow rate in the PHEs.
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Figure 6. Variation of exergy loss with mass flow rate
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4. Conclusions

In this study, exergy loss for different PSAs in the PHEs was investigated experimentally. It was
determined that the exergy loss and the heat transfer rate gained from corrugated chevron PHE with
60° is higher than 30°. The maximum heat transfer rate for 60° is about 35 kW. The minimum heat
transfer rate for 60° is about 23 kW. The maximum exergy loss for 60° is about 33 kW. The
minimum exergy loss for 60° is about 13 kW. The determination of the optimum operating
conditions and plate surface angle is the most appropriate solution for reducing exergy losses in
PHEs. Moreover, we were foreseen that exergy loss will reduce when PHE is isolated. Because heat
transfer will be blocked between the PHE and the environment. The optimal design of PHES is very
important in the efficient use of energy. We believe that the results of this study will benefit the
companies that produce PHEs.
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