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Abstract

This research was conducted to study a performance of heat pump dryer system with selected products of

a paddy. The comparison between the experimental drying and the mathematical modeling of heat pump dryer was

found to have an error value. Data analysis and the system defect were made. The studies aims to selected the

refrigerant that can be use in safety and friendly for global warming protection. The compared valuables were the

coefficient of performance of heat pump (COPh), and drying rate (DR). This study has two part, the first part was made

by comparing between the 8 m3 heat pump dryer and the mathematical modeling with R-22. The study was found to

have error of COPh as 3.6 %. Therefore can be used this modeling simulate to the COPh in the second part, this

modeling used to compare between R-4IOA and R-22 with equivalent heat pump capacity. It was found that the COP
h

of R-41OA was higher than R-22 about 62 % but the average DR of R-410A lower than R-22 about 5.5 %. Therefore,

the R-41OA is suitable to replace the R-22 for a heat pump dryer in the future.
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Ig'U llt1~D~lJ1W '\.hVimi'U tltlfllJ1 'l'Ull~t1~i'11lJ'lhW1J

"~ '"
'IJ'U\9Itl'Ufltl

0<;). a 'j) ~ <jJ <jJ

4.2.1 1\9l'Ulmtl'ltl1Jllll'liJlJfl11lJ'jtl'Uh R-22 \9I1lJ

~D~ 2 11'Ufl';i1~WlltJiJtl1Jll,r'l'~D'j~lJ1W 50°C
o g) ~ ~

4.2.2 'U1'IJ111Dt1tlfl 100 kg fl11lJ'l5'U 18 %(d.b.) 1J'j'j~
, 91

1J'U\11\91'l'Ulfl~tl'ltl1Jllll'l

o 91 91 .,'" 91 91 9I?t
4.2.3 111 flU tl1J llll 'l 'IJ 111lJ t1 tl fl\9l1 fJ'f.] tl1J llll 'l11J 'U

11t11 10 i11lJ'l fl11Ji'JlJllt1~\9I'j1111:Ytl1J1:Y.fl11~~'l~'Ufl1'j

<jJ <jJ ~l.<::!l .<::!I ~ <jJ

tl1Jllll'l'IJ111lJt1tlfl fltl fl11Ji'JlJ~WlltJlJtl1Jllll'l50 - 60°C
d 91

fl11lJlnt1lJtl1Jllll'l 0.6 m/s

4.2.4 \9I'j1111:Ytl1Jfi1~1'l '1 llt1~1J'UYifl'\j'm.lt1fi1~111D'j

'l'Jfl'l il1lJ'llrJ'Ul1m 10 il1lJ'l

4.2.5 '\.h,j'tl1,jt1'Dll1fl11lJ~lJ'W'U£t11J11t11 'Vi~'l'l1'U

'vJ141 'Vi~'l'l1'Ufl11lJftl'U llt1~fi1'U1tufi1 COPh lD5fJ1J-

d. QI 0 I .<::!I

I'VI fJ1J I'l t1 fl1JlI1J1J 111t1 tl 'lll1fl1fl t11\911fl t1 tl'U

~.et 0 CIt, ,

4.3 l1ifll'i1l1l:ltl'lIl1J1JflHflW\9Ifll1:Tm

ll~flflU~lt1tl"Il1J1J tl1ftfJ1:YlJflUll~fll1 1-11
9J QJrI QltlQI do

\9IlfJflt)tl'\.j 'j fllllJ1t111t1~ flt]tl'\.j 'j flll 'Vit1'l'll'UIW~lJ1:YlJflU

tJtlfJ~fllJ1flhJ1:Y1lJ1'j t1111:Y\9I'l'~~'llllJ\9I l\9lfJ1:YlJ~~~l'U
.<::!I d <jJ I ~ QJ "

fl tl lJ 1:YlJ fJ t1 'VI1'l fl11m tl 'U 'j ~1l11'ltl1fl1ffll t1 ~ 1'lt1 \91 fltu 'YI

fl1'j' ml'IJ tl'l tl1fl1fftl1Jll ,r'l1:Y~ll1:YlJtl 1:YU Vhm1lJlg'U

1J1:Y\11'U~'tl1:YlJ\!'jf,U'lJtl'lmt11~lJ~1 ~lJti\9l'tll11'l1'U~1fJ

1~ ~fl'j 1 'Vi~l 'VI'j iJ fl 11tl1t1\9111 H ~ 'U l11'll'U ~lfJlt)~fl'j

'tllCJI'U'VI1t1iJfl (Isenthalpic) llt1~'1.i1Jfl1'j~tylfffJfl11lJ~'U
o .. I jI I QI.do 9J

111J1J111t1tl'llJ'j~fltl1J\9I1fJ 2 1:Y1'Ullt1fl '1 fltl 'j~1J1Jtl1Jllll'l

C1l <jJ d IQJ.<::!Ioev

llt1~'j~1J1JiJlJfl11lJ'jtl'Ul\9lfJlJ'IJ'U1\91'j~1J1Jl'V11fl'Ufltl fl1t1'l

lJtll\9ltl{~lJti\9l'tl 1.15 kW ~Dfl'jt1h~1J1J~lJfl11lJftl'U
~ I <jJ <jJ I QJ ~ 0 .at

'V1'l'IJ'U1\91'V1tlllt1~lltl'ltl1J1l1l'l1'VI1fl'U'VI'l 3 111J1J111t1tl'l fltl

4.3.1 111J1J~lt1tl'l~lfJ R-22 ID5fJ1Jll1fJ1Jt11JflU

'VI\9It1tl'l'l~11t11~1t1tl'lfl1'jtl1Jll,r'l10 i11lJ'l

4.3.2 111J1J~lt1tl'l~lfJ R-22 ID5fJ1Jll1fJ1Jt11JflU

o 91 '1 <jJ 0 <jJ do,
111t1tl'l\9l1fJ R-41OA 'l5l1m111t1tl'lfl1'jtl1Jllll'l11'U fl'j~'VI'l

~ <jJ I

fl11lJ'l5'U'UtlfJfl11 14 %

4.3.3 111J1J~lt1tl'l~lfJ R-41OA lmfJ1Jll1fJ1Jt11J R-22

'l'UIl1J1J~lt1tl'l~ 2 l\9lfJ'l~l1m~lt1tl'lI'l'ht1'U l~tlllm1~,.y

fl1'j'l~1:Y1'jl11fl11lJlg'U R-410A

"" 015. Nl:llll:l~11l1'iW

5.1 Nl:lfll'iflVll:ltl'l (Experimental)
g) a jI d I

11 1fl fl1'j 'VI \91 t1 tl 'l \911 fJlm tl 'l tl1J 1lll'l11 ~ Ill'U 11 fl1'j

t1\91M'lJtl'lfl11lJ~'U,j111D~tl fl1J fl1'jt1\91 MilD 'j ~'U t11J11t11

'l'U fl1'j tl1Jll,r'llrltl~~ti\9l'j1fl1'jtl1Jll,r'l (DR) ll~tlD~lJ1tu
J. !V.<::!Id I <jJ

fl11lJ'l5'U 'lJtl'l'IJ11IDt1 tl fl'VI 'j~lllfJtltl fl'j~1l11'l flU tl1Jllll'l

did. I .. I d
11~m'Ul1lJfl1 DR lJ'j~lJ1tu 0.24 kg vapor/hr CJI'lIl1:Y\9I'l

. ,

1Jfim!~fJl'l'ht11J 0.24 kg vapor/hr llt1~fi11~~fJ COP
h

I cv .d.do '1 91
l'V11fl1J 4.21 l'lt1fl1'j'VI\9lt1tl'lmMtl'U'l 'Ul1mtl1Jllll'l 10

i11lJ'lIl1:Y\9I'l'l'U\9IU1'l~ 1. llt1~'jD~ 3-7
'"



_ Experimental _ Simulation

""8:6

0

j:~ _:: !":""::

9 102 4 5 6 7 8
Drying time, hr

'itl~ 3 ti91~lf11~V'lJII,r~ (DR)..
_ Experimental _ Simulation

'" J 0

5.3 1Ifl'il~'I1I1'lJ1.Hl1tlM

_t'::! d 0 OJ d
f11~llJ'W'lJll1tl'lJf11~'iJl~V~II'lJ'lJf)'lJf11~l1fl~D~ 'iJ~I'I1'U

11f11COPh ~'1~iif1111J1f)~I;;;[I~t1'U1'U1I~~~i111J~lf1[1iif11
.ci d' jJ .ci _t':!

f1111Jf1mfllf1~v'Utl~~~1t.U 3.6 % ~f11'UVtl1J1m~mlJ~[I'lJ

Ilitl'lJt1'lJf11~1~tl~fh'U1Jl~~mj~ 10 % [4] 'I11f)~'iJl~t.Ul..
f1111J f1 t11 fll f1~D'UIflfl 'iJ 1f) f) l'i'11i'l~~ 'iJ 1~ t.U lf1111J1:!tlJ Ifftl

f1111Jfi'UIlt1:::f)n~1'1'11~1'U ~~'lJ'lJllfff1~"hll'lJ'lJ~l~V~ ii

9 0 '" '1 'JJ
f1111J1'I11J1~ff1J 1'Uf11~111'Ul[1N~1I11'U f11~l1fl~ V~'iJ~ ~ fl

fHlf)l'ifffnn (fhL~~[I)
'"~lt1~~ll)(Jf1

l1f1~D~~~~ ~l~D~II'lJ'lJ

n~l"Uf11~D'lJIIM~(t), h 10 10
.; ~ 91

18 18f111~'Jj''UmJ~'U (% d.b.)

f111~'iI'U~f1-n'1t1 (% d.b.) 15.70 15.75

'" 'JJ
,.

~t.U 'I11J~Dlf11fl"D'lJII'I1~

54.20 53.33
nD'UI,rlMD~D'lJIIM~ (OC)

Jl'11Uf),rl1ItlnDm~~~'U
100 100

(Mp)' kg

': Qo' iI tJ~ .d
'Ul'11'Uf)'\Jl11 Mf)l1

98.05 98.09
I'I1nD(Mpr)' kg

fhti~~l'U~iJD'U "rlln

Ifl~D~tif1'It) (W), kW
l.15 1.15

MER, kg water/hr 0.2400 0.2392

DR, kg vapor/hr 0.2400 0.2392

COPh 4.27 4.43

Drying time, hr
• a 'JJ

'itl'ii 4 ffm'itl'U~iJ1Jfl11mV'U (COPh)..

.c:::lt, J 0 CI

5.4 11f1'il~'tItTl'ifllfl1UlltlU

N~f11~ltl~tl'lJllitl'lJffl~nlf1111JIV'UR-41OA t1'lJ

R-22 9111J911~1~~ 2. 1I~~~tl~ 5 -7 'iJ~111'Ul1 R-41OA ii
CIo 'jI d f.ci Q,fClo

Vt.U'I1f11JV'lJllm~1f111 R-22 I'UV~'iJlf)f1t.Uff1J'lJ~'\JV~ffl~. .. .
n lf11 l1J IV'U~ii~fl ~1t1fl~l'UlI~ ~fi'U ....h1,r'[1iffl1J1~tlnl

.o:::to.c:::S I d 0 'jJ ;; jI d

vt.U '11 fl1Jl1 ff ~ f)11'1l'~ 'iJ~1111'I1'i~'lJ'lJ lJ 1Jf1111J ~ V'UIfftl'l11[1. .. ..
1:h'Uf11ff1Jtl~~ffl1fffm~tI'U~1:!~f)11 R-22 tl~~1J1t.U

odd QJoQ

62 % I'I191N~I'I"l'il~ffl'i111f1111JW'U R-410A 1JfJt.Uff1J'lJ~

I ~ OJ iJ '1 'JJ", ..
111~f11'imml1l1~~f1flf)~'U'I"lt1~~1'Uf111mD'Uflfl1Jlf) 'Il'~..

'JJ 'JJ '" 9 0 Q 0 '1'JJ
~lf)'\JV1Jt1'\JD~NN~911'U'i~'lJ'lJ111f1111JW'Uffl1J1'itl111 fl.. ..

5.2 Ntlf11'.ilmtl'lJI'iimJ

N~f11~~1~tNII'lJ'lJlf1tl1~R-22 1'Uf11H)'lJII,r~

Imtl'lJllitl'lJf'l'lJf1Til1f1~D~lf1tl1~nm 10 i11~~ 1l11f'l'U
r;7 iJ.4 0 QJ

1I~~'\J'Ulf1iJ~fl11mD'UflD12,000 Btu/hr f)l~Hl'U

"mll~v{ 1.15 kW l'I'ht1'U'l1~II'lJ'lJ~l~V~IIt1:::f11~l1f1t1D~
~ .. I 0'1 dod I QI d I

n1J(HVlJ mt.U911~'l f)1J'\J'Ulf11l11f)'U 'iJ~1'I1'U11~1f)f11~. ..
d .1'" '" '1'JJ '" .1'"
fl"f)lnllJ~[I'lJll1tl'lJ flNt1 IIfff1~9111J911~l~l1 1. 1It1~~lJl1

4-7 f)cil1f1V f11fl111J4'U.,)11ItlnVf)"lfll1'ltl iif111~~tl
i '1 'JJ '" 'JJl'I'ht1'lJ 15.75 II~~ 15.70 %(d.b.) lfltl fl~t.U'I1.fJ1JD'lJllm

G) 3Jd Q.I 4 QI SJ
1f)t1lfltl~f)'UflV 54.20 °C 1It1::: 53.33 °C D~~lf11H)'lJII'I1~

!'I'ht1'lJ 0.23 II~::: 0.24 kg water/hr f11 COPh iif11 4.43

1It1~ 4.27 9111J1:hfi'lJ

2 4 5 6 7 9 10



... 1 I QJ !lJ.c:1 "I !lJ d QJ

~'l1J':i::;lJ1W 48 % ff1lH)IPl':ilf11H)Ull'l1'llJ~HllmUfHJ'lfl'U

,. do' 'Q.I do ~ j}

IfltllJfl111lPlfllPll'lfl'U 5.5 % l'UtN111flf11':i~f1fl'l'Ufl111J':iU'U

'1 iJ.<:::l 0 "I !lJ I ~.d ~ 0 '1 "'" ..
fIfi 'Y111'l1f11':ifl1Ull'U'U'Ull11flHH':i::;l'I1t1l'11 fIfi ':i1lJt'l'l

Q 'jJ d. do I jJl

ll':i1J1W fl111J':iU'Ul1tl1t1ll1UUfllJllJlJlflfl11 R-22 111J11
d .<:::lo !lJ ~ t ,jJ GI iJ
lJUW'I1illJUUll'l1'l1P11fl111l':i::;1J1W 10 °C ff1'Ufll'Uf11':i I'll

q ~

'Vltl'l'll'U ~'lflllll':i::;1J1W 5.9 % llfffl'l1M1l1'Ull R-410A

do .... I .e:::to Q G) jJ d QJ d 0 1St jJ

lJ1J':i::;ffl11iil1'Vllfl'llfltl'lflU R-22 l'I11J1::;fflJl111::;'Ul1J1I'll

l1f11ll1'U'l~

_R-22 -R-41OA
20

12

3 5 7 9 11 13 15 17 19

Drying time, hr

~U~ 5 f11fl11lJ~'U,j'1111l~Ufl'l1tl'lUUllM'l (Mf)

,
VIl':iHn 2 11l~tlUl-¥itlm::;'I111'l R-41OA 1m::; R-22 _ R-22 _ R-41OA

-R-41OA_R-22

o

....:e. 0.3

....
o
0..
~ 0.2

~
0.1

9 II 13 15 17 19

Drying time, hr

~U~ 6 51Pl':ilf11':iUUllM'l (DR)

0
.. CI

mlf1l'HYmn (tll'lU)

R-22 R-410A

19 19

18.00 18.00

13.89 14.32

55.0 44.1

,; "fI111J'lf'U~f1l'11U, %(d.b.)

A' ~ 3J
f1111J'lf'Ut·n.J~'U, %(d.b.)

nml'Unl'Hlult-H.:I, h

'"
Ul'l1'Un,rlltlJ~fJn 100 100

10

~ 8
u • • * • & * • * * • • • • * * • * * •

'" 0

Ul'l1'Un,rlltlJ ~fJnll 95.96 96.39

6

4

2

o

................. ...

'"
tlmlf1ln~t'I1UUl

(MER), kg water/ hr

... "
fJ~ ':ilf1l':i fJU It '11.:1,

(DR), kg vapor/hr

0.2010

0.218

4.53

0.1898

0.206

7.50

3 5 7 9 11 13 15 17 19

Drying time, hr

. ~"

~un 7 ff1J':i':it'l'UdllJfl111J':iU'U (COPh)

6. alU~Hlfl111~[J
o Q fI 0

f11 ':i 111'lU'lIlUUl11'lfl WIPlfflfflPl ':i ffllJ 1':i t'l l11'Ult1~'l

11l1'U f11':i l1 f1'lU'l11~ 'I'l~f1 tlijf1 lfl11lJfI 'llfllfl~U'UU':i ::;1J1W

3.6 % f1l'fflJU':i::;ffl1i'ff1J':i':it'l'U::;'\JU'l':i::;UU ~1~ff1':i'Vh
d .o:::t , I 0 d

fl11lJW'U R-410A lJfll1Jlflfl11ff1':imfl11lJW'U R-22

U':i::;1J1W 62 % 1l'l::;f1151Pl':ilf11':iUUllM'lUUtlflllll':i::;1J1W

5.5% ~'l,f'U R-410A ijfl11lJl'I11J1::;fflJU'l::;11l'U'l1l'l~~
J. 'jJ W 'JJ

11::;UllJll1f1Ul1'U R-22 1'Ulfl':iU'lUUU'I1'lillJfl111J':iU'U1'U

U'Ulf11Pl



,.,. tl7. flVlVlfl"1"111 "1::mft

H1~fJ'IHl'lHl'IJi'lW tllllUV l~l,.n!l~ flli'l1'lf1.. .
.o::lto .a .cit, 0' ~ a.o
1ff1m'HJlfl'jtl'lfHl i'IW::1ff1m"1lJff1ffll"1 lJ'I1111'W1i:W

Il'1i'11Uli:lV';i1'lflJ'Ii'li:liqJ'l.J7 lli:l::ll~'U fl1'lf1li'l~tl'lYi1i'l11lJ

Ig'Ulli:l::tli''IJtl1fllff lJ'I1111'1fJ1~fJll'1i'11'Uli:lV';i1'lflJ'Ii'li:l
..:::s ~ ..d 0 9J 'j/

tlff1'U 'UfI'j';i1'lfI,lJ1 l'1tl1'U1fJi'l11lJff::~1fl~1'U 'lJtl1,Ji:l

fffll'U~ lli:l::~tl mw1'U fl1';il'1~i:ltl'l
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