FHE Ax7|9 Aol BT FANY / HYHE 9

[ &) =HgeluiR

Solar Energy
Vol 18. No.2, 1998

¢ ABNSLT RS e FATY BUETH o AL 7| AF

A numerical study on the performance of a heat
pump assisted dryer

I. G. Kim#, S. R. Parks, J. Y. Kohs,
Y. J. Kim*#, J. G. Kim*+, C.S.Yim*#*+

Korea institute of Energy Research

29

£ d7oME Wl HFC134aE AMS-3 wiX 8 98 0% 7)(Batch type heat pump dryer)?]
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Abstract

This study carried out a numerical analysis on a heat pump assisted dryer using
HFC134a. Under the constant degree of superheat and that of subcooling, we
analyzed the performance of heat pump assisted dryer with \iafrying_ an ar “Mass
velocity, bypass air ratio, compressor speed and an inlet bulb tefnperature of dryer.
Simulation results were compared with experimental results, so they were maximally
agreed in the range of 10%. There was the proper bypass air ratio with varying an
air mass velocity. As for the effect of SMER having the inlet temperature 35C and
compressor speed 1360rpm, bypass air ratio was 30 % at the front velocity 0.5kg/s,
40% at the front velocity 0.7kg/s and 50% at the front velocity 0.9kg/s and 1.1kg/s.
As the compressor speed was increased, SMER decreased and COP increased. As the
inlet bulb temperature was increased, SMER and COP decreased. B

Nomenciature
A gAgEE [m’] NTU : €28 9¢] 4 |
Bo : Boiling & Ne : 2%4% [kg/m’s]
Cp :H¢ | kJ/kg] Np @ ¢5713As {rpm]
Cpam : 3719 v|& kJ/kg] Ns : =719 4d¥d
D . 27 'm] P )= [kPa]
Dh : 4837 ‘m] Pc : YALH [kPa]
Dw : A m’/s] Pr  : Prandtl &

Fr : Froude & Pw %7 9 kW]

g I EFHIEE [kg/s") q & . kW/m’]
G AFRS kg/m’s] ~ Q :<E% = kW]

h Hdg R E=Ed gAS ‘Re  : Reynolds

[kJ/kglorlkW/m’C] SMER: HIFEFZH]

ifg : dujy FEHE [k]/kg] T 2= [C]

kY : E2FeAF  [ke/m’C] UA : E3/AF [kW/C]
K A=A+ [(kW/mT] W AdEgE [kg/kg dry air]
Ip Y7 APZ] [m] X A%

m AR [kg/s] Xtt  : Lockhart-Martinelli parameter
M RAE | e Eu% FA%
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71 L UERES
7m . 7|AEE
v L AFRE
As 7Y SERd (kJ/kg]
0 =l (kg/m’
AR | [kg/ms]
Subscripts
a o
C 57
E 7
l HAt
r : Yo
S X3}
TP 24
\Y 714k
1. A2
HAPE el S ARR-SE wiXY EHZo AxX
71 df 2 Axo Y3t FHgo] Fa3)
ZITEA AZRE ZW e FES 9
%‘d%‘é}‘?ﬂ}ﬂ e 753 Feo| o|FojxE
T4ol|Fd WE B FUIzHE A
%El—‘:— dgdFo| HEHL o|F). EZo|sH
e A2EY AE3T Q= AADINY
AilgEe 428 3719 HdsT ol
geiM AAHER AxE FVe 7HEH 2
=7F £33, 9 AdgEs ¥E A& o
gt mEbx FHe EFAXAME wi7F
S 5 L

A= A2 st EAHE FA7 A7)
wol €HI Ul{FY AZRVIE QAAA )

_HJ,
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& AZLEY F A HAU FHY &
Az WHOEE SMER(Specific Moisture
Extraction Rate)o] 0.2~0.6kg/kWheld) B3}
AZ7)NAE 10~40kg/kWhEA
E-%Zio Az gol A58 ATk
Az719 dFHozes AFFH
o} FRAHHHA ART-1D)7 Yo
o, 7 59 QW Az)Y AT AgE
Yei2E CFCA WilE2X &5 392 <
8l AFEAIE W3 Q7)o Ayl R
2 A3 A7t AgEHT o B AFof A
= thAlWEiel HFC134aS ARgdlo] wjx| &
ﬂ&ﬂ@m&.wwﬂglmﬁgi'$ﬂﬂﬂa
A AFE FoA AP+ HPA(18)%
12 - AEE Fo2A FX]3 < E}%" = A
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compressor
expansion valve | - air
" ' < ———- refrigerant
- N i3 N N
: condenser ! evaporator A
1
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batch dryer chainber

Fig. 1 Schematic diagram of a heat
pump assisted dryer

Saturation Line

w

Absulute Humidity

T Dry Bulb Temperature

Fig. 2 Air cycle on a psychrometric
chart

(1=condenser outlet,
3=evaporator outlet,
inlet)

4= condenser

71011*3 AEA7T Fig. 32 o] @FH=Z A}
o]&& Ye AHojth AL FHP=Z A 7]
ZJ( BEoA AFHEHHT AR EY
A& HEslod FAHAS Pon, o
Zﬂﬁ’: Joll Bt XS ke B7HA| 7}
itk &, © Wl € 3719 el
‘% FA1% @ AZ7)9 Azxs dEXEE

{0,

G ‘"I°

94

2=dryer outlet,

A, 1
3 , m 2 |
: !
3 f— } 1
Enthalpy h

Fig.3 Refrigerant cycle ( 1 =
evaporator outlet or compressor inlet,
2 = compressor outlet or condenser
inlet, 3 = condenser outlet or
expansion valve inlet, 4 = expansion
valve outlet or evaporator inlet)
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Qe = femo Cree(Ty — Te) + mepn (Ty = Ty)

(1)
ojth. o7]A,
fE =1 - fSI-{ (2)
_ m,; Cpry TaZ'_Trél'
fon = (UA)su ln( Ta—Ty ) ¥
ol
eg=1—¢e "0 (4)
o] NTU® Ya3 2t
A
d pa

FoFE UAD)= H243 £0] o

1 _ 1
AI'hI'

L (6)

+R,, + A.h.

UA

oA714, Ry = In(r,/r;) / 27LK o]t}

YulE EHEE h, & A §3lo
712 gas phase)S! 73-?-011% Dittus-Bolter’s
Equation(12)& AH8-3152.0, 2%Htwo phase)

A%+ Gunger & Winterton’s correlation(
13)S AHE3ATh

7149 €3d2Ss hy ©

h, = 0.023 Re’® P4 Ky
Dy

olty.

714, Re, = GDy/ #,,
Pr, = Cpuv /K, olTh
2°49) dALE hp e

her = Ehl + Shpool (8)

)
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SE ZAUE FuSe AFrE Jehls
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K
h; = 0.023Re{® Pri 5~ (9)
h o
— D |
Re,| = G = x) b (10)
Hy
By = 55 (P/Po)™* (— log 1o (P/P) > M ™" Q* "
(1D
E=1+24x10°Bo™® + 1.37 (3(1:)086 .
- (12)

1+ 1.15 X 10" °E®Rej "’

S =

- (13)

A% ESt So BAFA) TPE X, E
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9H, Fro] 0050]3t0]® E thale] E28, S
AS) S28 AHESHY ofdlst Rk
E,=Fr (0.1-2Fr)
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S,=VFr
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hadry = 0.129R8064 %a"”
h
(19)
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(22)
Al =

o}, olu) FEHo g yeh}e
L3 o] F3HATh &

Ai, = 1005(T, — 273.15)
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Qc = fcmacmec{Te = Ta)
”+ mr[cpr\‘(Tr‘Z _ Tr';")
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(26)
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ot}
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C Sliart )
Input data
(rpm, BPR, ma, Tup)
1
Assumption Tre, Trc |

Calculation Cg,Cc
I
Assumption Wi

Caleulation of air part ] |
i

< IWI’ - W1|<8 >L
Yy
I

< |QE-C£|<8 and IQc-Cc|<8>"°‘

Caleulation Qg, Q¢
Réid

| Output data
i

C End D

Fig. 4 Flowchart of heat pump assisted
dryer simulation program |

Diameter 47 625 wn
Stroke 47.626 =
No. of cylinder
Compress o 2
o Volumetric efficiency 0.77
Mechanical efficiency 085
Isentropic efficiency 067
Mwlc diameter of refrigerant 317 me
side
Hydraulic diameter of air side 87 mm
poralor Heat transfer area of refrigerant
) N w
side
Heat transfer area of air side- 1.364 w
Hydraulic diameter of refrigerant
) 3.17 ==
side
Hydraulic diameter of air side 87 mnm
f Heat transfer area of refrgerant
. 3H48 m
side
Heat transfer area of air side 2143 o
Hydraulic diameter 0935 m
Dryer
Heat and mass transfer area 1672 m
Tablel Geometries used in numerical

and experimental study
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S7}h 35°C°l°% %%7194 HA&EI} 4
1360rpm, 1550rpm, 1780rpmYAwy} 7] AHA
5 o] W} SMERS Hlw3t Aolt}, 4-X|3|
o} APA= Hd 10%oluolA Z dX]e
1, o7]4 SMERS AZXZANA AAE &
9] %3 AZ7|dA AvlE FHY Blo|tt

40 ¢

SMER (kg/kWh)
oy -
(] _ "
FEIE
R
-4
AN

Inlet air velocity of evaporator (1/s)

Fig. 5 Effect of inlet air velocity of
evaporator on SMER  between
experimental and simulation results.

Fig. 6& 3719 AZFFol| 0& FHA37]
9] nlo|gjAH]E FofHr] YF Aolttk. Px
719) YFAFLET} 3BToln, EE719 3
A&57) 1360rpmol 3, 3719 FAZFFFol z4
7y 0.1kg/s, 0.3kg/s, 0.5kg/s, 0.7kg/s, 0.9kg/s,
1.lkg/s¥dd 719 mrojEiAH|d] mE
SMERS Yeld Zolth Zz@f#o| 0.1ke/s
8} 0.3kg/solMe= 3719 wlojsjiwizy F7}
3to} Wz}l SMERS ZHaste A& SMER©]
E2AA e RAoZ Uy, Aol

¥

0.5kg/s~1.1kg/sN A= &719 nlolsj 2] F
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2719 ule]sj2nl7t 60%°0)dol e SMER
o] 543 i3t FEE U, 379
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3

. 1lkgs
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00 01 02 03 04 05 06 0.7 08 09 10

o

Bypass Ratio

Fig. 6 Effect of bypass air ratio on
SMER | | |

(compressor speed = 1360rpm, inlet air
temperature of dryer = 35C)

Fig. 7¢ Fig. 63 & 2Astelq 27]9
slo]sj ~ule] WE COPS Uehd Rolth 2
719] vpolEl Azt 71 we} COPe Z
2803, 3719 AFRFl SUH e
COP< F7hstith. & 3719 Aol
71845 0P Z71Ee Zadglon,

3719 AFfFol Z185E 2719 violg)
- 28] Z7ld) ©e COPY B2Ze Fvkshe
28e yehdc

100

3.0

70 b ~

60}

UG

50F

4.0 F

COoP

30

20 F

Lo}

0.0 VT VOTS T TR T PP TRTTT PUNTT TN T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 10
Bypass Ratio

Fig. 7 Effect of bypass air ratio on
COP

(compressor speed = 1360rpm, inlet air
temperature of dryer = 35C)
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B vHE TS UYed Rog $X3
Mol 2AL F7)9] AZFZo] 05kg/s, 37
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=7} 3BTCelty 2719 ulojd| Mg %=
3 AL Fig. 6914 Uebd 243 3719 3
8ol 05kg/s¥® HA SMER®] 30%°]
7] W&oty Fig. 8& ¢4%719 AL T
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Age oYz B2 o)xE4e Fyz y
Blstth Fig. 9 ¢%7]9 ALz mE
AZZA 229 $89 ¢ Ve Ao
t} 4719 ALY ISR AXRE
NN ZZ® 2o 4o Frelz, 33
92 B2 olhese Helz vehgrh
Fig. 102 ¢%719 3A&E=q @& COPE
el Ao E Fig. 844 Yeld SMERE
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3.0

SMER (kg/kWh)

20 |

f
l.S Aradaemmibrsirrararipe bt H At n el F P
300 1000 1200 1400 1600 1800 2000 2200

Compressor Speed (rpimn)

Fig. 8 Effect of compressor speed on
SMER (air mass flowrate = 0.5kg/s,
bypass air ratio = 30%, inlet

air temperature of dryer = 357C)

a5 ¢

40 F

3.5:

Extracted Moisture (kg/h)

3.

O-AAljllllfl i PRI Y . PRLIN T T Y
800 1000 1200 1400 1600 1800 2000 2200
Compressor Speed (rpm)

Fig. 9 Effect of compressor speed on
extracted moisture (air mass flowrate
= 0.5kg/s, bypass air ratio = 3
0%, inlet air temperature of dryer =
35°C)
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45t

4.0

3.5 NI S
300

Compressor Speed (rpm)
Fig. 10 Effect of compressor speed on
COP (air mass flowrate = 0.5kg/s,
bypass air ratio = 30%, inlet air

temperature of dryer = 35C)
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22
20 f

18 |

SMER (kg/kWh)

16 |

14 f

12,050 0 s ee 10 a0

Inlet air temperature of dryer (°C)

“Fig.11  Effect of inlet air temperature
of dryer on SMER (air mass flowrate
= 0.5kg/s, bypass air ratio = 30%,
compressor speed = 1360rpm)
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Fig.12 Effect of inlet air temperature
of dryer on COP (air mass flowrate =
0.5kg/s, bypass air ratio = 30%,
compressor speed = 1360rpm)
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A numerical study on the performance of a heat pump
assisted dryer

I. G. Kil[l*, S. R. Park*, J_ Y. KOh*,
Y. J. Kim** J. G. Kim**, C.S.Yim#*#*+

Korea institute of Energy Research

Abstract

This study carried out a numerical analysis on a heat pump assisted dryer using HFCl34a.
Under the constant degree of superheat and that of subcooling, we analyzed the performance
of heat pump assisted dryer with varying an air mass velocity, bypass air ratio, compressor
speed and an inlet bulb temperature of dryer. Simulation results were compared with
experimental results, so they were maximally agreed in the range of 10%. There was the
proper bypass air ratio with varying an air mass velocity. As for the effect of SMER having
the inlet temperature 35°C and compressor speed 1360rpm, bypass air ratio was 30 % at the
front velocity 0.5kg/s, 40% at the front velocity 0.7kg/s and 50% at the front velocity 0.9kg/s
and 1.1kg/s. As the compressor speed was increased, SMER decreased and COP increased. As
the inlet bulb temperature was increased, SMER and COP decreased.

e} ko A (Solar Energy) Vol. 18, No. 1, 1998 159



