’i) Check for updates

SHA|AH ZSHE|X| H273& H|5E pp. 34-42 2023 10¥ ISSN 2713-8429(Print) ISSN 2713-8437(Online)
Journal of Power System Engineering https://doi.org/10,9726/kspse 2023 27 5,034
Vol, 27, No, 5, pp. 34-42, October 2023

o gl £ X2 5l0|HE|E S|ETIZ A|AE Jgt

(R =)

A Development of a Hybrid Freeze-hot Air Dryer based
on Heat Pump

O|™&™ - O|™T*" - RFSOHF
Jung-Gil Lee*, Cheonkyu Lee** and Dong-An Cha*t

(Received 11 July 2023, Revision revised 08 September 2023, Accepted 14 September 2023)

2F 12 349 oduA g olitstea HiEHEE Asy] Y tiA FHeE nES oA 7)Y
3] o AxgAdd slEPZrt HEHY 7|E BIHE AHED ok vlwste

Ql EHZI} FEa Q)
oA AnlE H BAHEHE EHFoR AAANF ¢ & B oYY, EFdx 9 FEAARE §

2 %

Mol Az Azdold FaE 4 ok B ATlAE DF 8 52 A= sojnels HEgm Ax
HS dAS AAZ AFsIATE Ak l/\E“«l 2 Yl AdAsr] fs) Al A vE deiE
23 Abe] 2 AlEH I B AsAlT vl ATE FEAaL, 45AF BlaE F8 Riddazt AE
Al z=dloll H2A Yudd AL ST Al AFE Tl =29 volHE AR e® A A" Al
A5 AE AFE B A2d 4 2 Ax] YR BELE £ ANS PG 4 Be
7} eRHoR Wslse SRS APHoR Prlskel AfE Asue] A2Y AALS B
M, €F % 2 Adx 58 25 Egte Aol 47 658 1AL 4580 289 st
ANAE 1 AxY), €%, 4, SIEFE, Ao]E AlEdH oA

Abstract : The heat pump process is attracting attention as an alternative high-efficiency energy device to
reduce energy consumption and carbon emission of the drying process. In addition, the application of the heat
pump as an energy supply system for dryer system also can perform the hot air drying and the freeze drying
processes in one dryer system. This research focuses on the design and development of the hybrid freeze-hot
air drying system based on a heat pump. The cycle simulations were performed with three different
refrigerants to select the optimal refrigerant and the R134a was selected as the optimal refrigerant through the
comparison of coefficient of performance (COP). The current suggested hybrid freeze-hot air drying system
based on a heat pump was actually manufactured in this study. In addition, the system stability and time to
reach the target temperature in the drying chamber were examined by experimental study. The system stability
of the developed system was confirmed by the variation of inner chamber temperature and inlet and outlet
temperature of compressor according to the sequentially changed operation modes. In addition, the time to
reach target temperature for the heating and cooling operating mode was 65 and 45 minutes, respectively.
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Fig. 1 Schematics of heat pump system
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(a) hybrid freeze-hot air dryer based on
heat pump

(b) Heat exchanger

(c) 4-way valve

(Electronic expansion valve)

(d) Heat pump and data acquisition module

Fig. 2 Picture of developed hybrid freeze-hot air dryer

based on heat pump and detail components
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Table 1 Properties of heat exchanger (Tube)

Tube
Material Coil Spec. |In/Out port
(mm) (mm)
Evaporator Copper  |9.52x3Rx12S| 9.52/9.52
Condenser Copper  |9.52x5Rx18S | 15.88/12.7
Sub. heat | o0 |9 50x5Rx18S | 15.88/12.7
exchanger

Table 2 Properties of heat exchanger (Fin)

Tube
Material Fin pitch (mm)
Evaporator Blue Al 6.0
Condenser Blue Al 2.4
S;Cbﬁaﬁggi Blue AL 24

Table 3 Prop

erties of heat exchanger (Unit size)

Size (mm)

Evaporator 600%x420x75

Condenser 630x500x115

Sub. heat 800%650x400

exchanger
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Table 4 Simulation result of heating operating mode

-
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Table 5 Simulation result of drying operating mode

p tor Heating operation mode P . Drying operation mode
arame Ri34a | R404A | R410A arameter RI34a | R404A | R4I0A
Cond. Pres.(kPa) 1,496 2,642 3,429 Cond. Pres.(kPa) 1,496 2,642 3,429
Cond. T () 55 55 55 Cond. T (C) 55 55 55
Degree of Degree of
subcooling (C) > > > subcooling (C) 3 3 3
Cond. Q (kW) 7.3 7.3 7.3 Cond. Q (kW] 6.772 6.772 6.772
Eva. P (kPa) 200 440.2 574.5 Eva. P (kPa) 200.0 440.2 574.5
Eva. T () -10 -10 -10 Eva. T (C) -10 -10 -10
Degree of Degree of
superheating (C) > > > superheating (C) 3 3 >
Eva. Q (kW) 4313 3.909 4.073 Eva. Q (kW) 6.772 6.772 6.772
Refrigerant mass Refrigerant mass
flow rate (g/s) 34.4 46.5 30.4 flow rate (g/s) 54.1 80.5 50.5
Comp. W (kW) 2.987 3.391 3.227 Comp. W (kW) 4.691 5.876 5.366
Temp. of Air (C) Temp. of Air (C)
Inlet of Cond. 45 45 45 Inlet of Cond. >0 >0 >0
Temp. of Air (T) Temp. of Air (C)
Outlet of Cond. >3 >3 33 Outlet of Cond. 40 40 40
Air volume flow Air volume flow
rate (m/min) 39.84 39.84 39.84 rate (m’/min) 37.55 37.55 37.55
COPy (-) 2.444 2.153 2.262 COPy (-) 1.444 1.152 1.262
Sub (Eg%d' Q | 4691 | 5876 | 5366
AZRE A A7) WEA B LE [ sw Cond AT | aag0 | 3007 | 2de
 -10CE A3t Al2="S 7SI Al 7t flow (m’/min) ' ' '
A Qe Heste L e RE Ao]2e T
A8t S o, R134a7} 24442 COPy/} 718 && Table 6= Al 714 WulE H g5 S EFPZ 3}
S & 5 UUTE GEHE RI134a7} 748 Jpg olBIE T2 Y 4F dxr] @4 4 e A
E=9ron} Sy Ui gHo] g2 Y B EEod Adoth ALHdE W4 2IRS=E
£ ol 4E7] Yol W) Wy Ades we A8 F AES W) LEE BCE W
COPyE YEMSITH Hom, Axr] Ui &5 5TE 4439
Table 5 Al 7HA JulE #H43 d4% 2 54  AEHCA A oE SRS} ZE olf R
Azg slolHIE S ERE A|x~Ho A% &4  Ri34aEs A83YS w COPIt 1.9572 7H8 =
BE AEFold Aot B AFoAE dxr]  we & T AU
Wiel 3 AxBA UoE FR $Fd o Al 7HA e WulE Aest 4% 3 w2
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sttt olw Fuwrlel dFo] Y $37] A oA EF VP £& COPucE BA3HAAL, HA
Hoh E7) Wi % F¥& 257 98 o9 @R AFHAS
5Z7](Sub. Cond. )& Tt Ri34a, R404A 1T
I RAI0A Al A ElE A Eetel Az ed m 3.2 AIAH OHEN U SE 25 g AlZ B}
E AolES FASIRS W 2% de 4 RE Al 7R WelE A3 €F 9 52 1x&
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Table 6 Simulation result of cooling operating mode o Ax7] YR EHsE 25T R
Parameter Cooling operation mode of Hla| WALHMRES A9l 27| F4F
R134a R404A | R410A Hes Ho F=0, ol 45719 452 A%
Cond. Pres. (kPa)| 1,017 1,873 2,425 o7 o|Zo|A X WHFL 427k YojL}y)
Cond. T (C) 40 40 40 o
Degree of 5 5 5 uﬂt‘: s _
subcooling (C) SRR WALHRE 5 Ao ¢F 28 Fof
Cond. Q (kW) 4.069 4.238 4.186 Ledsyl SuEXE AL B 4 9o, o=
Eva. T (T -13 -13 -13
Desres of o @ f90l B 2 9L W) R Aoz
superheating (C) > 3 > getHEth =3 B HAEE 53 JdE Az
Eva. Q (kW) 2.693 2.693 2.693 o] &% A2 mrol Wk &4 Byt AZE A
Refrigerant mass s
flow rate (gs) | 183 | 245 164 28 Yol A BAGel & o|Foihe AT
Comp. W (kW) | 1.376 1.546 1.494 AN
Temp. of Air (C) 5 5 5
Inlet of Cond.
Temp. of Air (C) 40
Outlet of Cond. -8.3 -8.3 -8.3 — sl —— 1 st Heating mode
Ai lume flow g e %:f ::3:19:::::
‘r;tzo(ma/mm) 37.55 37.55 37.55 =l 9
5 12 min 13 min 14 min
COPc () 1.957 1.742 1.803 g
2
§
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93 S5STE 3 &1 R5E HSAIA 7 (a) Target temperature of 25°C at heating
AZ7] FE 259 Helel 1 Fo|5 9otstHn). operation mode
B AdS 9lal Table 49 69 YEbA 22435 0
ermEe} WAgHREe] Aoj2 2AL BE Ll —+— 1stCoolingmode
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