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Design and Development of Heat Pump Drying System for Soybean Seeds
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AoNISALRIIUIN 7 hp (380V) 1dansvimnuidu R22 Fefianwanunsalumsyeanudunazanufeuindu 14.3 kw
way 17.3 KW snudidtu Tunismaseussuuiiuaudou fivusdussdumaharnbudiugs 3 sedu 1éun 1.38 1.72 uay
2.07 MPa 91nWan1snany nudn gumgiiuasanududuivsiadefawintu 33+1.02 °C, 39+2.9% RH; 38+0.98 °C,
36+2.3% RH Wag 44+1.36°C; 32+3.1% RH mud1sy Taewuindaaussiudugavindy 1.72 MPa Wusussiuilvsnzay
dnsunsmuaugamginararutudiinslunisanmutusdaiusduvies msaneudumdaiusdundes 250 kg

INAMNTULSUAY 18% wb. Tiinde 11% w.b. [szeeiia1 5 h nnisiesesidunuielduseneunisindulade

2 1

LP3093NTUNlEU Wud1 AfdanseEn 20, 30, 40 wag 50 tons year” ddunumsldauaiomiiu 3.65, 2.73, 2.28 uaz 2

Baht kg mudsiu

Adndty: Tupudou dundes mssuwiuudniug

Abstract

The design and development of a heat pump drying system in the present research were aimed at
developing a machine to reduce the moisture of soybean seeds. The drying chamber was designed to have the
dimensions of 1.8 x 2.4 x 2.3 m (width x length x height). The heat pump system utilized a compressor rated at 7
hp (380 V) and R-22 as the refrigerant; its cooling and heating capabilities were 14.3 kW and 17.3 kW, respectively.
The heat pump system was tested at the high refrigerant pressures of 1.38, 1.72 and 2.07 MPa. The results showed
that the average temperature and relative humidity within the drying chamber were 33+1.02 °C,39+2.9% RH;
38+0.98 °C, 36+2.3% RH and 44+1.36 °C, 32+3.1% RH, respectively. The refrigerant pressure of 1.72 MPa was noted
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to be optimal for controlling the temperature and relative humidity for soybean seeds drying. By drying 250 kg

soybean seeds from an initial moisture content of 18% w.b. to 11% w.b. the drying time was around 5 h. The cost

analysis revealed that the costs of soybean seeds drying at the capacities of 20, 30, 40, and 50 tons/year were

3.65, 2.73, 2.28, and 2.0 Baht kg, respectively.
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Table 1 Conditioning for heat pump system design Table 2 The result of Air flow calculation for soybean
Conditioning for heat pump drying system design drying by heat pump dryer system.
1 Air Temperature 43 °C Description Result unit
2 Relative humidity 35 % RH Initial wight of soybean 250 ke
3 Soybean 250 kg Final wight of soybean 230.34 kg
4 Drying time 10 hr Initial moisture content 18 % w.b.
5 Initial moisture content of 18 % Final moisture content 11 % w.b.
soybean w.b. Drying temperature 43 °C
6 final moisture content of 1 % Relative humidity for drying 35 % RH
soybean wb. Humidity ratio before drying  0.0125 kg ater kgdwair'1
7 Air Temperature after 38 °C W)
dryin :
s Air density (P) 1.129 Kg m™
8 Relative humidity after 45 % RH
Air temperature after drying 38 °C
drying
) Relative humidity after drying a5 % RH
9 Ambient temperature 30 °C ,
Humidity ratio after dryin 0.0166 kg \ater KSunair
10 Ambient relative humidity 55 % RH Y Yins $ weter Sy,
5 > o= (wy
LLﬁ%f\]’mﬂWiﬂﬁuimIﬂEJﬂ’]iI‘UﬂﬂJﬁllUG]"U?J\%ﬂﬂﬂﬂm’m
- ) R Y . o Ambient temperature 30 °C
WHUAH Psychometrics Chart Yl lANaN15AUINAIUERAS
s o Q o Ambient relative humidity 70 % RH
Tu Table 2 F3dnsn1snslvaldauIavesnIAwingy 799.31
ke, hr! n3 oA mduusurmauiidoanislddmsunisan Drying time 10 hr
ALY 707.98 m® hrt Water evaporation of 19.66 kg (water)
soybean
Evaporation rate of soybean 3.28 KS ater NI
Mass flow rate of air 799.31 kg, hr
Air flow rate for drying 707.98 m’ hr'!

nRanIsAIINgnIIn1sinaidanavesenniaii ly
dmdunsannududeditesnin 799.31 ke, hr' il
UNUAILIUANALNITATISDUT NI LALATAINNS DULES
Ingldrnuanifivesernialdan Psychrometric chart A3
wansly Figure 4 dsldazvunnvasnedofunasnadesou
voeszuudunudeull sl udn Safety factor 20% @

WinfU 14.3 KW wag 17.3 kW anuansu sakanaby Table 3

12
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coil calculations. (ASHRAE, 1998)

Table 3 The result of calculation of cooling and heating

coil for heat pump drying system.

Cooling Heating
Description
coil coil
Air inlet Temp (°C) 38 18.7
Air inlet Humidity (%RH) a5 100
Air Outlet Temp (°C)
18.7 43
Air Outlet Humidity
100 35
(%RH)
Specific heat (kw) 4.4 5.6
Latent heat (kw) 7.5 8.8
Safety factor (%) 20 20
Coil capacity (kw) 14.3 17.3
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Figure 5 Prototype of heat pump system for soybean

drying.
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Figure 6 Piping diagram of hydro heat pump system.
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~ Shell and tube
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Air cooled condenser

Figure 7 Hydro heat pump system component.

33 HANIIMAERUNTSYI TS

R ndilinisadiuaiesdunuuseudesuda Sl
FdunisnaaeunsiiauvanaIssfuLuuL asdu Tag
Tufinguvniuazanududuimsnisluuazasuongan

AMNTY Fanan1IMAABUN1TUUTINg UM TUaZAINUTY

o v g

duimsaauans Table 4 Fanuitganaiuiunuuduniig

Sfoutlaunsnmunugungiinazanududuinsiaade
WU 36.7+1.04 °C way 35.20+0.69% RH AAEIRY T4
wiilddauin movendigamgiiade 32.71+1.09 °C uagd]
AT uduins a8 8 9de 70.99+3.6% RH Fauang
Fieure 8 8 awan1snaaeviivediviiuinssuuduaudou

au1samIvANgungiikarauTuduinsdiniunisan

< v 6

AuFudaug dundesldnudAuugiinsanauy

aa

% o e v & < | a o
LHAANUTAB amwﬂuﬂﬂjammm%umaﬂiumimu 43 °C

il 9 U
v

LAEANUTUSUIMSFDIR1N37 40% RH “ASHRAE (1999)”

wazanuan1seenwuug eukuuduauseudividunis

o

Inaivuresonianuuszuula (Closed loop system) ¥

Tinavesgaumginelugeulugaiuliuaglaaiainuau

[V

Fuimsveao1nAfinn “Hu (2022)” weegrelsiniu An

a b L ooa 4l i o |
Zqu] Laaﬂﬂ’]Eﬂu‘wa\‘iaﬂﬂ?’]?.J‘UUENiJﬂ’MGHﬂT] 43 °C ag

|

EY
4 6 °C 3991 TUAWINNTNAZBUMIAILSIAUANTYIIAY

D) O

o

wWuveaszuuluanudauimunzay welinisluiesan

PR LRI TGN

14

High-Low Pressure swi

Table 4 The result of temperature and humidity of heat
pump drying system. (Pre-testing)

Inside drying chamber Ambient
Temperature  Humidity (% Temperature  Humidity (%
Q) RH) 0 RH)
36.7+1.04*  35.20+0.69* 32.71+1.09* 70.99+3.6*
*average+SD

Tempertuer and humidity inside and outside chamber
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Figure 8 Temperature and humidity inside and outside

of heat pump drying system (Pre-testing).
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Table 5 The result of temperature and humidity of heat
pump drying system at high pressure (1.38, 1.72 and
2.07 MPa)

High Low Temperature Humidity
pressure  pressure Q) (%RH)
(MPa) (MPa)
1.38 0.41 33+1.02 39+2.9
1.72 0.48 38+0.98 36+2.3
2.07 0.55 44+1.36 32+3.1
*average+SD
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Figure 9 The result of temperature and humidity at a

high pressure 1.72 MPa.
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Figure 10 Moisture content of soybean and drying time.
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