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Introduction

Sour cherry concentration is a significant agro-industry in the world. In 2016, world production was 13.8 million tons and
most of which were processed in the form of concentrate or frozen products. Iran has the 6th rank among the producers of
sour cherry and experienced a highly rise (45%) in production in 2016. A conventional energy system evaluation is
performed using the energy analysis method. The thermodynamic inefficiencies occurring within the system (factors that
cause a gap between performance and ideal state) are not identified and evaluated by energy analysis.

Materials and Methods

Pakdis concentrate production line includes a plate heat exchanger (HE) converter to preheat input juice using condensate
water energy and crude juice heat outlet, four multipurpose falling evaporators (E1, E2, E3, E4), a distillation tower for raw
juice aromatization (DT) and a juice cooling system (JC).

A thermographic camera (G120EXD, NEC Avio, Japan) was used for thermographic recording. Initial examination of the
thermography results showed that the external surface temperature of the equipment except for the evaporators (E1, E2, E3,
E4), the boilers (B1, B2, B3) and the condensation tank of the evaporation line (CT1) had very little difference with the
ambient temperature around them, and therefore, their heat flux was ignored.

Due to limitations, the mass flow rates of the evaporation line (except for inlet juice) were not measurable, and therefore,
energy analysis was used to calculate them. Energy analysis involves the simultaneous resolution of mass and energy
balances for a system.

Results and Discussion

The heat loss rate from the first evaporator (E1) was calculated to be 21.23 kW from which mass/energy balances and
mass flows were extracted. Also, heat loss rate from utilities E2, E3, E4, and CT1 were calculated from mass-energy
balances. Streams 32, 49, 52, and 54 are not utilized and exit the system. Hence, they are assigned as heat loss streams within
the evaporation line.

The total energy loss rate in the evaporation line was calculated to be 4920.82 kW which contributes 74.8% of total input
energy to the line. However, 73.39% of this loss is assigned to the cooling tower (stream 54). Stream 29 from the 4" stage
evaporator enters the condenser, mixes with water, and provides cold water goes to the cooling tower. In the tower, water
evaporates and dissipates heat to the environment. Stream 32 is the second loss stream with 14.8%. Also, it should be noted
that heat loss from the surface of utilities makes 3.06% of energy loss of the evaporation line which implies that insulations
are done properly in utilities.

Evaporation performance may be rated simply and primarily by the steam economy. The value was calculated to be 2.63
in the evaporation line, i.e. 2.63 kg water is evaporated per 1 kg steam injected into the system

Exergy rate in several streams of evaporation line. The exergy rate of fuel and products, exergy efficiency, exergy
destruction rate, and exergy destruction ratio for each element of the line were reported. Total input exergy to the evaporation
line is 4832.03 kW from which 1045.85 kW is destructed due to irreversibility and 3786.19 kW is dissipated.

Major destruction occurs within barometric condenser (BC), pressure reducing valve (PR), a plate heat exchanger (HE),
evaporators 1 and 2 (E1 and E2), cooling tower (CT), and then evaporators 3 and 4 (E3 and E4). The remaining destruction in
other utilities is negligible.

Conclusion

Using the first and second laws of thermodynamics and instrumentation procedure, sub-systems of the evaporation unit of
Pakdis Company were investigated and energy and exergy balances were coupled and solved. Thermographic assessment of
likely zones to energy losses was employed. The whole process was monitored and mass-energy balances were developed.
The steam economy as a reliable criterion for evaporation was calculated. To extract inefficiencies and possible optimizable
unit operations exergetic analyses were carried out and subsequently the share of exergy loss and destruction and capital cost
in the whole process was defined. It was found that capital cost is consistently ignorable compared to exergetic faults such as
losses and destructions.
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Table 2- Pressure, temperature, mass flow rate and exergy rate of evaporation line flows

ol oled  pupay T(°C) rm(kgs?t) Ex(kW
Flow no. (kPe) ( ) ( g ) ( )
1 10133 1500 3.50 735
2 30133 1502 3.50 3.01
3 23133 5500 3.50 10.87
31 10133 5502 3.50 10.45
32 70133 5509 3.50 2159
4 62133  64.00 3.50 34.07
5 551.33 71.00 3.50 45.89
6 53133 79.00 3.50 61.74
7 14633 87.00 3.50 7850
8 30133 87.03 3.50 7911
9 171.33 115.60 2.62 117.13
10 49033 11570 2.62 118.21
11 42133 62.60 2.62 22.87
12 101.33  50.00 3.50 13.40
13 30133 5002 3.50 14.10
14 25133 70.00 3.50 42.34
14-1 101.33 70.02 3.50 41.87
14-2 451.33 70.07 3.50 43.15
15 40133 77.00 3.50 56.20
16 38133 8500 3.50 73.41
17 241.33 126.70 2.31 123.75
18 401.33 126.72 2.31 124.17
19 126.33 106.90 1.45 47.72
20 401.33 107.00 1.45 48.19
21 8133  95.80 0.63 11.00
22 40133 95.90 0.63 1118
23 35133 4500 0.63 1.07
24 801.33 180.00 1.43 1135.72
25 30133 164.50 143 950.24
26 241.33 126.28 1.19 726.98
27 171.33 115.42 0.88 496.19
28 126.33 106.30 0.86 447.92
29 81.33 93.95 0.82 375.10
30 301.33 133.71 1.43 96.86
31 526.33 133.71 1.43 97.18
32 401.33 121.40 1.43 77.83
33 241.33 126.28 1.19 70.50
34 171.33 115.42 0.88 42.42
35 566.33 115.50 0.88 42.84
36 451.33 105.50 0.88 34.44
37 126.33 106.30 0.86 34.08
38 126.33 106.30 2.93 115.70
39 481.33 106.40 2.93 116.99
40 33133 84.46 2.03 64.93
a1 12133 40.00 28.37 43.90
42 65133  40.06 28.37 59.30
43 101.33 22.00 27.55 1.75
44 601.33 22.05 27.55 15.50
45 101.33 22.00 1.04 0.07
46 241.33 22.01 1.04 0.21
47 141.33 40.00 1.04 1.64
48 301.33 40.02 1.04 1.81
49 10133 22.00 0.02 0.00
50 30133 4013 20.41 51.59
51 10133 25.00 4.00 0.00
52 180133  25.16 4.00 6.82
53 101.33 2500 27.18 18.06
54 101.33 3500 27.98 2219
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Table 3- energy loss rate of evaporation line components

state 32 state 49 state 52

state54 E1l E2 E3 E4 CT1

iplcdy 72842 207 42834 361154 2123 1666 1002 4.75 97.80
Energy loss (kW)

il e 1480  0.04 870 7339 043 034 020 010 1.99
Energy loss (%)
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Table 4- Exergy rate of fuel, exergy rate of exergy, exergy efficiency, exergy destruction rate and exergy destruction
ration for each component of evaporation line

Component Ex; (kW) Ex, (kW) Nex (%) Ex, (KW) y (%)
Distillation Tower (DT) 27.75 16.76 60.40 10.99 1.05
Barometric Condenser (BC) 390.60 43.90 11.24 346.71 33.15
Balance Tank (BT1) 19.87 19.45 97.89 0.42 0.04
Balance Tank (BT1) 42.34 41.87 98.88 0.47 0.05
Juice Chiller (JC) 10.12 142 14.09 8.69 0.83
Mixing Chamber (MC) 61.11 51.59 84.42 9.52 0.91
Cooling Tower (CT) 91.64 24.01 26.20 67.63 6.47
Heat Exchanger (HE) 147.40 45.11 30.60 102.30 9.78
First-effect evaporator & pump (E1) 927.28 853.78 92.07 73.50 7.03
First-effect evaporator & pump (E2) 736.08 648.65 88.12 87.43 8.36
First-effect evaporator (E3) 577.94 521.72 90.27 56.22 5.38
First-effect evaporator (E4) 462.43 398.58 86.19 63.85 6.11
Condensate Tank (CT1) 139.02 123.27 88.67 15.75 151
Pump (P1) 1.00 0.67 66.62 0.33 0.03

Pump (P1-1) 1.00 0.61 60.98 0.39 0.04

Pump (P2) 1.50 1.08 71.70 0.42 0.04

Pump (P3) 1.00 0.69 69.49 0.31 0.03

Pump (P4) 1.70 1.28 75.24 0.42 0.04

Pump (P4-1) 0.50 0.42 83.67 0.08 0.01

Pump (P5) 0.50 0.48 95.34 0.02 0.00

Pump (P6) 0.20 0.18 90.27 0.02 0.00

Pump (P7) 0.50 0.32 63.48 0.18 0.02

Pump (P8) 0.50 0.41 82.48 0.09 0.01

Pump (P9) 1.50 1.29 85.68 0.21 0.02

Pump (P10) 22.00 1541 70.03 6.59 0.63

Pump (P11) 2.90 214 73.66 0.76 0.07

Pump (P12) 18.50 13.75 74.34 4.75 0.45

Pump (P13) 0.20 0.15 73.13 0.05 0.01

Pump (P14) 0.22 0.17 78.04 0.05 0.00
Pressure Reducer (PR) 1135.72 950.24 83.67 185.49 17.74
Vacuum Pump (VP) 9.00 6.82 75.76 2.18 0.21

G55 el it (i be Sl Jelse e Ol 4 by
HLad ials b o wadd Hlid cil g e oSy (65 S|
o) 2 YL (6551 oy 55 o )3 9 YL 951 g sl
IS 58T )53 3l do 2 VIV &S gk &y sl 0 jupos
I 1 2o AUVAHE )l i ol 505 opl 4 basyo s
Jsl & 5 .casl ool (olaidl sgs a1y Lalss b (g5 ST o 50
el Jiwo ol 3 (65381 038 £ 9 Vb b VL )l
Juasl .ccwla gl plel a bgsye (g5 mST o )53 5l doyd YEIAA
38 e Jolse S e 4 glo s SO 5B i g o)l o
g gl ad (g YL gy e ey baygilalyl 55 (5]
Tt 2 S5l 55 £ o Yl el i 5150 g3

(100 FIFY) Cannl 0008 s

BC Seuyiogyl oadBs 13 (58T )59 jlade oy yidin
SialS s Cos g )l e D9 o sanlie (SlgalS YFS/VY)
VoY/¥) HE (hiomior 5l e {lgsks VAB¥A) PR L
VEI8) E1 455l ylg) (g LS AVIEY) E2 1o 5T lgl gy LS
E4 o 51l (lgg kS SVIFY) CT ad S Sis gy (g kS
55 S5yl3 5 (ool DSIVY) EB ,illyl 5 (laoksS S¥/AD)
beds bs 65asl o5 J5 L aulie  dlial plo (5]
Lol 3206
P Egene b e odnlile ¥ SIS 53 &5 jobolen
Lt 6] sy LS 3 iy & olaa clisl pla (g5
55 3l aio)d YN0 BC S jiagyb 00 s ol by L
3L w9 U] ccwl ool olaidl dgs 4 1) IS (65 8]

Archive of SID.ir



Archive of SID.ir

AL ATIWIEI PR IRL GRYESIPS T X ST PR PRU.A R A Ve

Exergy destruction ratio (%)

Third-effect
evaporator, 5.38

Fourth-effect
evaporator, 6.11

Cooling tower,
6.47

First-effect
evaporator &
pump, 7.03

Second-effect
evaporator &
pump, 8.36

Heat exchanger,
9.78

\

barometric
condenser, 33.15

pressure reducer
valve, 17.74

bl s (clinl (ol (65T o 55 o =Y S
Fig. 3. Exergy destruction rate for evaporation line components
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