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Abstract
Drying is a process of reducing moisture content to prolong the product’s shelf
life and increase product value. As it is generally known that energy consumption of
drying is rather high, a development of drying technique for energy saving is necessary.
For this reason, heat pump drying techniques were investigated in this research. A heat
pump dryer using R32 refrigerant was constructed, and its performance was evaluated.
Bananas were selected as product testing. The experiments were conducted under the
following conditions: dying temperature of 50, 55 and 60°C and air velocity of 1.0, 1.5
and 2.0 m/s. The criteria used to evaluate the performance of the heat pump dryer
consisted of drying rate (DR), specific moisture extraction rate (SMER), specific energy
consumption (SEC) and coefficient of performance of heat pump (COP,;). The results
indicated that an increment of drying temperature and air velocity resulted in an
increment of drying rate and specific moisture extraction rate, whereas energy
consumption decreased. Moreover, it was also found that drying temperature and air
velocity did not significantly affect the ecoefficient of performance of heat pump.
Finally, the results revealed that the ecoefficient of performance of heat pump was in
the range of 4.34-4.45.
Keywords: Drying, Heat pump dyer, Refrigerant
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YaneaeAIBseULitluANTauldINUsENoUNan A LASeddntavuin 0.75 KW
A3 DIAIULLEUYALY (Internal condenser) ¥w1a 4.35 KW 1A3a3AIuLUUgAuen (External
condenser) Y19 4.35 kW gunsalanainudiu LATawinsemeuuin 3.50 kW Waaudmsu
N5taleuene Moo UwiIunIn 35 x 70 x 30 cm’ YALAS DIl INLALYAAIUANNITYINY
AMFUNSTUIUNTTINNIUTBITEULLTAUAINEINANLElUNTo UMAS AR WLATBIAIULLLYR
luiesumnueumenisuaniUasuauseurtugunsaliangid dagihlvenanlddmsu
nseuwisdoamgiau Tuvaefiarsianudunaziianisasusiuguiy 9andueiniea
Saudrutlazlnanuludwisseuniaiiaatgmaiusaulinunaliedidn vinlindleding
gaunniiiugaduawihlivsunadnegaelusemeeengiuenvesnale Tuvusiiednuy
91NAT LA IUA DL WANIAITUY U US I URIUDNVDINAIEDDNAINADIDULITT NaI1NTU
onFdrutazlvan 1 uNnguAIaavinsEne Failgaumgdadamaliauiulueinieinnis

. Y 4. X . . .

mulularnenninTuazgnUdeseengnieuensely

) [y} [ < a 1 ~ o a [~ =~

dmsuamshanuduiegnslueiesissmeasiianissemenateduleilisenin
a1naseuiilnasanainieseuuiis laglodsnanazgnadsluduniesdalatiiaasisniunu
Tifvansvinanudu ibiansyienuduiigaumgigeu ndsintueiniaiilvaniuiasesin
semeazlnaundunIesmuniugaly iesunuseulasivadigieseunis F19asnslva
yosonasouianduuilluises q ssnulinszuauniseuniseduanudouliganufe
ANUNTOAIAINUT UYDIDINTAT bAINKA NN UNAI8LAT DIVTELMEY Nt oAl usyuull

E S ) a v g a P a Vo
AMUTFUAT Usznaunuseuuieanwuulmduszuule lidnsiueinieainnisuanwsagndle
wenanuudmunann1smIvaNgauniingluiee UL sdslaienldinsasruniuyauen
Wasyuieaueud uiulaslfladuosdndilun1sile-Un ieaiuaufiAn1anisivaves
a3y naife Weguugiiluieseuwitegluszauiifsanld lwduesandiazile
~ v o [ [ % P A 1 A 1
dielansyianuduluseungauiouiATa IR UKL LYAUINLNUAT 0IAIULLLYALY Lag
= A v v a & I3 a = Y ° = o A
degamgiluriessuuisanas ledusudndiasdameliasianudulnadildnies
AIUKUUYA LAY kagUan15ualugeaTaInIukiugauen 9N15991UYBITSUUDURIY
awifuuiiluises 9 aunseiuasadunisitnuresasoseuliilunusou
3.2 35N15Vna D9
A3 99Ut A NS aun Igatsvinaudy R32 lavinisnaasunieldiGeuly

a

UNNTBULIAY 50, 55 waz 60°C wazANsay 1.0, 1.5 kag 2.0 m/s anuaisu tagldnaie

®©

Zoe -

Y
Y a a o & | yal
'VJ'W]‘U‘VIQﬂﬁULUULLNu@"INLL‘L!'JEJ']'JTVT@J@'J']NVUWUi%N']m 3 mm A3U81UTEU 10 cm

1%
o Y

wazuIMuNeUWAISUAUATIaE 1,000 ¢ Inenaienldlanuausuauedsinniu 210.0% d.b.

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 aduil 2 we. 2566



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 212

=

FeazgnauwiiaunseiimuTugavneauraeUsTIN 10.0% d.b. Faudupnudugaiineves

nanAugnaersieTmigluiowmatn Tussninnsneasslansiainlas TusinAsig 9

loun aamgivetenia gaungiivedsviinnuduy AMUALTesEsYALEY Umtnves

9 Y

HAnAugMUAsuLUamaRAN1TRULAY ArMadlni wagAnsldndenulni Feazden
d‘ IS v v QA‘ o [ dy a LY Yad =§I

wATesiininaandunsned 1 dmsunsmanuduvesrdnduelaldisnismauiuniy
11M551U4 AOAC (2019)

lun1sneasasudunlen1silani eseunisduaudounasinnisusun ae

a v 1% < d' e 1% PN = Y o =

gaumgiivissaunikazauiaunuleulandny wieuviulaaiesdeTauazdudin
aeINtuYNsiuAIeseuLiIdIANSauIUNSENITEUUINaN NEaNnalag a5 1N
AINsAguLUasvasiLUsisazen Wassuuiingannaunaduindieunindnadusies

FULIN LagA L luNIMAa0auNsENIlinuuanvinen i

A15199 1 P39dlainnldlun1snnasy

Devices Technical properties Accuracy
Electricity meter |Power, Amp, Volt, PF, Hz, Supply 220V, 50Hz +1%
Temperature/ Temperature: -40 - +120°C/Type K -200 - +2°C
Thermocouple 1,300°C /+0.01°C
Relative humidity Relative humidity: 0% - 100% +4 %RH
(%RH)
Anemometer Range 0 - 20 m/s + 0.01m/s
Load cell Output (mV/V) 2.0, 5-12V, 10kg (Max load) +0.02%
Pressure gauge Measuring pressure maximum 55 bar +3%
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TudnuazynuaufglfuMsUasuLlasnaNudusLnaIauwNLAazdaulun1sNAa s

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 aduil 2 we. 2566



480
440
400
360
320
280
240
200
160
120

80

40

Drying rate, g/h

1.40

1.20

1.00

0.80

0.60

0.40

System power, kW

0.20

0.00

Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 216

] —m T50-V1.0 _g-T50-V15 _@ T50-V2.0
] —4-T55V1.0 —_A-T55V15 o T55V2.0
: —-T60-V1.0 —oT60-V15 —&T60-V2.0
0 40 80 120 160 200 240 280 320 360 400
Drying time, min
AT 3 BRSINNTOULTIVBINAR S Lmaz Ul uN15NAa DY
T50 T50 T50 T55 T55 T55 T60 T60 T60

V1.0 V1.5 V2.0 V1.0 V1.5 V2.0 V1.0 V1.5 V2.0

Drying conditions

o o w d' v & o A A
AINN 4 ﬂqaﬁlﬁ/\]ﬁ'}Lﬂiaﬂ@ULL“Q%@J@T]@J?@UV]LL@aSLQ@u‘lsUﬂqulﬂa@Q

A o w = v v P dl v
AN 4 LLaﬂﬂﬂanIWﬂﬁlLﬂﬁaﬂa‘ULLMQ{]N@?WN?@UV]LLmagLQE]UVLGUﬂ'ﬁWQaEN "ﬂ']ﬂ‘sUallua

Wy Maskifeseseuwisduanuieussiindudliofivgumngiiouuiiuasanusiay 39

anansnesueledn nmsiitgamgiouniazdaaliaesdalolimvhauiusnduiveasns

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 aduil 2 we. 2566



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 217

ausuliiuansyihanudulieglussaugaiismeuaziimuaenndosivgamngiileduda
ielanunsaassgunglouwis (@aumgiingluieseunia) munaesInis uagnsyuIUNIT
AINEIILANAA DN IRNTUTDINITENIANTIUVBAT DIV TEMBAIND UNTOUWAITI A9
-dy A I o [ ! v d‘ o a A a d’{
WINTU HaNeIUUIAe a13vihaudulzgnUassluduaiavihssmeludSuaimaudy 910
6 1 o Y o w = v ¥ a 4’{ o a v
wan1salaenanvilimadlniiaisseuuisduanudouinanniu wagluihueudediu
NISALTUVBIAIUS1ANIZAINAR BN ITANTUVBINITENNANT DUV AT B9 TZINY
wuRgfudunsfinduvesaumgiiouwiny dailarsianudugniaesludans o
sewglulSnainndiismeuieiu Juilrmadiieieseuwiedunnusouiiuuin

v

= & 1% ‘:4' oA a vy a X v a o g v
VU u@ﬂﬁ]qﬂuuf\]qﬂma%aIUﬂqWV] 4 WU'J']LM@QW“QN@ULL“QLWN%U‘Z@U'&% 10 "\]ﬂllm'ﬁ‘ﬂ'ﬂﬁ/i

[

Aasld iyt uedsUszunusosas 8 TuvneNidafinanuisiausesay 50 aziinavinle

[

AaslwdiutuadsUszanusesas 5

0.060

SMER, kg/kWh

o
o
B
o

0.020

0.000

T50 T50 T50 T55 T55 T55 T60 T60 T60
V1.0 Vi5 V2.0 V1.0 V15 V2.0 V1.0 Vi5 V2.0

Drying conditions

AN 5 9R51N15ANUNRNI LAz Eaulun1snass

AT 5 wandRsInsaeansuwsiudaziioulunismaans Arfivauesiing
yndidngedeaddeUszansamnislindsnu andeyanudn Sammsfaiieonsumzden
Lﬁumﬂ%mﬁmﬁuqmmﬁauLw’faLLazmmﬁaam %awudw%’aagﬂﬁaamé’mﬁuwamsﬁﬂ‘m
Chapchaimoh et al. (2016), Cuneyt & lbrahim (2020) wag Jing et al. (2020) Tneniuana

TMAUD U sEANS ANNITIE NS UAALUINTY 1aZAINIUITETNUIIA1TATINITAILND8N

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 aduil 2 we. 2566



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 218

[ 1

Sumzagsening 0.077 - 0.110 ke/kwh Tnsideuladifidrdnsnisiaiieansinzgedian
fio gaumgilausis 60°C wazAMIEIAN 2.0 m/s Fenniansanemeidsliihildesmuin
Foulaihadosouuialuaudeuldsdsnigeiian ogslsfiny Adouleildsvezinatly
nsouwisdudian WeinrsunneldideulunissemeioonanadnsueivifuT il
Foulviifiszoznarmssuuisduiiddnnnisiaiesnsumegs uasArbazudsnnduiy

ANNEUUFRmMAN TN zAaya U IaUBlUA T 6

50
45
40 -
35 W
M
¥ 30 - &
S S
s 25 <
g 20 <
15 &
o]
10 o
M
] L]
S
[
TS0 T50 T50 T55 T55 T55 T60  T60  T60

V1.0 V1.5 V2.0 V1.0 V1.5 V2.0 V1.0 V1.5 V2.0

Drying conditions

= & = Y ° a =
2MH 6 AuEUUARINAINUTINIELRasaulunIVInae

And 7 wansduuszansaussousluaiuouluwnaziioulvnisvaaes ndeya

a

puFuUsEansaussauzvumnusauluwsaztaulunisnaasslauananeiulseuin d9il

s
! a a

ANMRAYDYTENIN 4.34 — 4.45 Tpanul1AdulszansaussausUuminusauaonnaninu

Y

Nan15348 Wang et al. (2018) uaz Quancheng et al. (2019) FisiwinRarsamIuaNnIsi

(5) AU FUUTEANS aussouruAINuS e U A BSNTINSEeWAILS o U AT BIAIULL L AE

o w

Madli1eIeeonls Fandsnunsassrintaznuindniswusiukaazdoulunisnaassly

o \ a9 v oa Y = Yo a £ & o ! = ~
aquaQUVlﬁlﬂaLﬁﬁﬂﬂUlI’]ﬂ "QQE‘NNaﬁlﬂamﬂizaWﬁaﬂiﬁﬂugﬂﬂJﬂq71]3@“%@@3LQ@UI%JFI']TV]VI@@Q@J

[%
v v =

ArlndiAeaiu AsudsaunsananlaineumglieuuisuaranuiiaudwadoduUszdns

AUTTOULVUAINUSOUABUTNILIDY

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 aduil 2 we. 2566



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 219

T50 T50 T50 T55 T55 T55 T60 T60 T60

V1.0 V1.5 V2.0 V1.0 V1.5 V2.0 V1.0 V1.5 V2.0

5.0
4.5 4
4.0 4
3.5 -
3.0 4
2.5 -
2.0 -
1.5 4
1.0 4
0.5 -
0.0

CcoP,

Drying conditions

] U a £ & b4 1 P
2wl 7 dulssBnsanssausduanusoulunnaztoulunisnaass

a = v Y o g v o 3 a
MA1919N 2 ammuzLﬂi@ﬂ@‘uLmaﬂumﬁmauﬂ“daﬁmmmLsuﬂjum R32

Reulun1sfinw (gaumad, °C : Arusaau, m/s)

918N13 T50: T50: T50: T55: | T55: | T55: | T60: | T60: T60:
V10 | V15 | V20 | V1.0 | V15 | V20 | V1.0 | V15 | V20

P2 ]
o

UMUNNAIBIUAY, g 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000

mm%uﬁm@fu, %d.b. 210 210 210 210 210 210 210 210 210

ATugaTe, %db. | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10

nalun1sauwis, h 6.33 5.33 5.00 6.00 5.00 4.33 5.66 4.66 3.66

MIINTOULIAY, g/h 107.58 | 127.77 | 136.20 | 113.50 | 136.20 | 157.27 | 120.32 | 146.14 | 186.07

Wi uildouwis, kwh | 888 | 850 | 811 | 803 | 756 | 7.13 | 7.16 | 667 | 6.17

Snnsistinesn
i 0.077 | 0.080 | 0.084 | 0.085 | 0.090 | 0.096 | 0.095 | 0.102 | 0.110
LY, ke/kWh

mmgumﬁmwé’mu
. 46.94 | 4493 | 42.87 | 42.45 | 39.96 | 37.69 | 37.85 | 35.26 | 32.62
WL, MJ/kg

Susyandaussouyty
. 4.34 4.34 4.33 4.39 4.41 4.41 4.41 4.41 4.45
ANSOU

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 aduil 2 we. 2566



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 220

M15°99 2 UauadayalunIngIuTeINITIATIERENITTOULLAS 090 UNAUNALTOUN
Iansvianudusiia R32 Inedeyaaulunisnedaing1y AeAafefumsuaunisnaaes
& qy 1 a A a ° I IS
UNTENIFUgANITNAGRY WU Ndeulraumgll 60°C wazAusIaN 2.0 m/s 4803IN13
DULKIYINAU 186.07 ¢/h §7151115AIUI0NTNNIZLYINAY 0.11 ke/kWh uazduuszdnd
aussouzluanusougeiansiniu 4.45 venanuuduiuReulenliimududdomann

TN
5. dguna
Ao AW ves 2 v g Y g v o <

NUITBULA AN LA N UANTIOULVDILATOIDULIAIUNANS D UN AN TYIA L Y
wiin R32 Ingldnarstninduiludegislunisnagey #aannsAnwInuI1 ML ues
gaumglisuwiiaranudiaurziinailigasinmseuwis masliivesaissauuiatuainy
1% Y] = o ° A1 oa = Ql' Y = o ° N A
$ou wazdnsn1shsdieendunzliaiiuuntu Tuvasiauaulaoandsnuduwizdag
anas wenNUUEImUI1 Nseulgamgil 60°C Tdszezailun1seunrisduiian seadn

AB 9Nl 55 Uag 50°C MUE1RU azaavinedanulinisiiuduvesgun)daunisiag

ANULSIALTNARDFUUSEANSAUTIOULVDIATRID UM TLAMUSDUADUT 19T 08

6. NAANIsNUTZNA
YBUBUAN NIAIYIAINTTULATOING AMLIAINTIUANANT UNTINENREQUATIIET

atvayunuwazaunsallunsITeluassll

1'% a
7. 1@NA1T21499

(% s (% %

ey duUN3 gneuna, TR Seulnea, $nde ATUTIRAIN way 2131

q q

(% ¢ o

UNIAN. (2555). N5
fadenaneiusndeniddnenmmemsdiitenisuilnanaandusmsiiegunin
warn1shUTIU. euRaUITeaugIeNyaug VY

Abdullah, A, Radia, E., Yunho, H., Vikrant, A., & Reinhard, R. (2015). Testing simulation
and soft-optimization of R410A low-GWP alternatives in heat pump system.
International Journal of Refrigeration, 60, 106-117.

Akhilesh S., Jahar, S., & Rashmi R.S. (2019). Comparative analyses on a batch-type heat
pump dryer using low GWP refrigerants. Food and Bioproducts Processing, 117,

1-13.

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 aduil 2 we. 2566



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 221

AOAC. (2019). Official Methods of Analysis of AOAC International, Virginia:
Association of Official Analytical Chemists.

Chapchaimoh, N., Poomsa-ad, N., Wiset, L., & Morris, J. (2016). Thermal characteristics
of heat pump dryer for ginger drying. Applied Thermal Engineering, 95, 491-
498.

Cuneyt, T. & lbrahim, D. (2020). Performance analysis and mathematical modelling of
banana slices in a heat pump drying system. Renewable Energy, 150, 918-923.

Haonan, H., Qingin, C,, Jinfeng, B., Xinye, W., Xinwen, J., Xiao, L., Yening, Q. & Ying, L.
(2020), Understanding appearance quality improvement of jujube slices during
heat pump drying via water state and glass transition. Journal of Food
Engineering, 272, 109-121.

Huelsz, G., Urbiola, S. L., Lopez, A. F., Rechtman, R. & Hernandez, C. G. (2012). Total
energy balance method for venting electric clothes dryers. Drying Technology,
31, 576-586.

In, S., Cho, K, Lim, B., Kim, H., & Youn, B. (2014). Performance test of residential heat
pump after partial optimization using low GWP refrigerants. Applied Thermal
Engineering, 72, 315-322.

Jing, W. & Zhou, M. W. (2020). A comprehensive assessment of refrigerants for cabin
heating and cooling on electric vehicles. Applied Thermal Engineering, 174, 1-
11.

Karthikeyan, A. K., & Murugavelh, S. (2018). Thin layer drying kinetics and exergy analysis
of turmeric (Curcuma longa) in a mixed mode forced convection solar tunnel
dryer. Renewable Energy, 128, 305-312.

Kuan, M., Shakir, Y., Mohanraj, M., Belyayev, Y., Jayaraj, S. & Kaltayev, A. (2019).
Numerical simulation of a heat pump assisted solar dryer for continental
climates. Renewable Energy, 143, 214-225.

Levent, T., Mustafa, A, Seyfi, S., Mehmet, G., Gamze, U.S. & Burak, A. (2018)
Determination of drying kinetics and quality parameters of grape pomace dried

with a heat pump dryer. Food Chemistry, 260, 152-159.

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 aduil 2 we. 2566



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 222

Michael, J., Michael, B., Christian, K. & Espen, H. V. (2020). Modelica based modelling of
heat pump-assisted apple drying for varied drying temperatures and bypass
ratios. Thermal Science and Engineering Progress, 19, 100-111.

Norhaida, H., Ahmad, T., Siti, M.T., Wei, L. A, Masli, I. R. & Law, C. L. (2019). Comparison
of drying kinetics and product quality from convective heat pump and solar
drying of Roselle calyx. Food and Bioproducts Processing, 118, 40-49.

Niklas, B., Thomas, A., Wilhelm, T., & Marcos, B. (2019). Andreas M and Jurgen K.
Exergetic analysis of different R744 heat pump tumble dryer system topologies.
Applied Thermal Engineering, 161, 107-114.

Quancheng, D., Dechang, W., Xuerui, L., Yanhui, L. & Shaohong, Z. (2019). Thermal
characteristics of a novel enclosed cascade-like heat pump dryer used in a
tunnel type drying system. Applied Thermal Engineering, 155, 206-216.

Rony, A. S. & Chi, C. W. (2019). Comparative study for CO2 and R-134a heat pump
tumble dryer — A rational approach. International Journal of Refrigeration, 106,
474-491.

Salih, C., Doymaz, I., Tunckal, C., & Secil, E. (2017). Investigation of drying kinetics of
tomato slices dried by using a closed loop heat pump dryer. Heat Mass Transfer,
53, 1863-1871.

Tunckal, C., & Doymaz. I. (2020). Performance analysis and mathematical modelling of
banana slices in a heat pump drying system. Renewable Energy, 150, 918-923.

Vijayan, S., Arjunan, T.V., & Kumar, A. (2016). Mathematical modeling and performance

analysis of thin layer drying of bitter gourd in sensible storage based indirect solar
dryer. Innovative Food Science and Emerging Technologies, 36, 59-67.
Wang, J. F., Brown, C. & Cleland, D. J. (2018). Heat pump heat recovery options for food

industry dryers. International Journal of Refrigeration, 86, 48-55.

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY
Ui 5 aduil 2 we. 2566



