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Fig.l Schematic diagram of experimental system under heating
and dehydrating conditions
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Fig.2 Dry bulb temperature and wet bulb temperature of air in
barn in flue-curing process

MBI LA W, B TFE ATk ZEN 29°C CGF
95h) , B AWERIEZE N 1.8°C (5597h) , Uil Nk
FE YA L8 5) o PEAM S A EBRU BE R H A5 225 (HAH LE
BAIZEN3.1C (5595h) , BABERIEZE N 22°C (5
97h) , UEHIIERE R RE R AR RS R
3.2 REHIFERIFR

Pl 3 KR )2 2R Gk /I I L o B A% I T 1 AR 1
A, FEHESTHEEN 1 h WRRRE 2%, FEHBR
£ N RAEHRIE AP RWL, b R4 HLRT E= A R LS,
=N RMLAE LG I FE b — T

RGN /AW h
T N N N I RV = e S R T TN

{i

S
—_
S)
)
S
w
S
o
S

50 60 70 8 90 100 110

HE I 1 )/h
B3 BEitAz Y ARG A e
Systematic electricity consumption per hour in flue-curing
process

Fig.3

JESHWIIR TR Y Bt — 5 IR A LRFSLIEAT, Rk E
BOR, 248 by R T 2 N BRI T 2 35°CI,
FAHLE TR OB ATIRES . ST ERIR B4R S 2 44°CHf — 5
RN S T, 2T T rHE B (60~68TC) ,
2 BIRAENLIEI N FELLIE AT, RAEHLE DhFE R Kk 2] T
12.6 kW,

3.3 EHEHAEITHIE

TRIG FF UG — 5 He i A LHE I B AL 925 ] (1) 1) A8 40 0K
R 4 Fros. RAEHLE SR Y 16.6°C (BN
WA 15.1°C) , 29 min JFik3] 44.7°C, FREHHA 1°C
/min ZiA7 o MG FHEIE RS, 4T 85 min RN
WEEFH A2 59.5°C, 155 N EAIRE FER B E A 35°C, 4
HUE IR TAE, R B F .

65
60
ssL
so[-
s
40l
3s[
30[

25
20/
150.0 OI.2 0l.4 Ol.é OI.S ll.() 1I.2 ll.4 ll.6 ll.8 2I.0 2I.2
HE K5 I 1]/
B4 —5EGHHAIR OB T ] 69 2 AL
Fig.4 Variation of discharge temperature of compressor 1 with
flue-curing time

— SIRAHLHE L/ C

3.4 RGHIEREEME

HERE R R S AR B R AL T O RS Re e 1 fr
TN, AEAR IR K5 Dy N S S B T R, TREELI B )
HAWIRN, R EAW LD, FERKN coP A
Wrf%f%. 7F 42°CIs COP 4 2.82 & il THE Mk T2
TE, AT IR R ENRIL (ARG IFEN
40%) .

Fe Il S RN S TE, UEENTSTER
BT 46°CHERANLR DI, RECEHIFER CoP
HOO BN, BB I R AT, 8 B SR i
—TtE, RN DRI, REHIEFM COP
AW o

x1 RRRESENILMAZIERE

Table 1 Compressor operating conditions and system performance at stable temperature stages
TE5RG MR A3 5E {4341 T30
Tl BT BRiLE/C 35 36 38 42 46 54 60 68

— SRS AT I T SR kW 274 2.8 2.93 32 35 421 4.85 5.75
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Table 2 Economic comparison for curing tobacco between with
heat pump and with coal stove

i H PRI IG5

HERE I 1) /h 120 110

T 425 304

EFFEENE T35 i kg 8.1 8

A kg 3443 2432

e 5 ST 1 T R kg 0.96 1.02

A8 5 LA T kg 408 310

MK kg 3035 2122

FME R /g 1178 0

I 1 ARG 880 880

SRR SAS T 1037 0

FH HL R/ (KW-h) 236 877

RE MG 0.75 0.75

RRHUT AN TG 177 658

Tkg T-HHAIBRE A/ T8 2.97 2.12
5 %5 i§

1) AN P B 1) FATE % JH R G db AT T ARIR A 5
ZRGBAGRIER, FHE, BABMRE R W5
SERLRWL: K55 WIRE A X A AT IR RS i
e 2 G RANENEE R P BT, 75T T
THE SR RAEH LA TH RIS T 12.6 kW, REHIERE
BB 325, BAFERIBRRAEFELL S 2.42 kg/ (KW-h)
THERR

2) DLH AT R & L B R R, ARG
RGBT 1 kg TR A 0.85 76, RIS
JHEA B3 AP MAE S 3 -

(& % x #]
[1] Kadete H. Energy conservation in tobacco curing[J]. Energy,
1989, 14(7): 395—435.
[2] Siddiqui K M. Analysis of a Malakisi barn used for tobacco
curing in East and Southern Africa[J]. Energy Conversion
and Management, 2001, 42(7): 483 —490.

[3]

[4]

[5]

[6]

[7]

(8]
(9]

[12]

[13]

[15]

[16]
[17]
[18]

SRS, vp AR A S EORSR B M. T A ],
2008.

North Carolina State University. Flue-cured tobacco guide
2011[EB/OL].[2011-10-27].http://ipm.ncsu.edu/Production
Guides/Flue-cured/flue_cured.pdf.

David M P, Marvin G R, Mike E, et al. Formation of tobacco
specific nitrosamines in flue-cured tobacco[C]// Tobacco
Science Research Conference, University of California, San
Francisco, 1999.

Neslihan C, Hepbasli A. A review of heat pump drying: Part
1- Systems, models and studies[J]. Energy Conversion and
Management, 2009, 50(9): 2180—2186.

Neslihan C, Hepbasli A. A review of heat pump drying: Part
2-Applications and performance assessments[J]. Energy
Conversion and Management, 2009, 50(9): 2187 —2199.
WRAR, WHARZL. SR TR M. 2z Tl e, 2006.
Bryan W, Maw J, Michael M, et al.
dehumidification during the curing of flue-cured tobacco[C]//
The Proceedings of the 41st Tobacco Workers’ Conference,
Nashville, Tennessee, 2004.

EROR, WREDR. PRI B RS B T ). R
M TRE2E4R, 2003, 19(1): 155—158.

Gong Changrong,
autocontrol equipment for tobacco leaf flue-curing[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2003, 19(1): 155—
158. (in Chinese with English abstract)

WD, T, ORI, A% ASETUNE B AR D
NI, IR S, 2006, 34(1): 25—29.
Pan Jianbin, Wang Weifeng, Song Chaopeng, et al. Applied
research on heat pump type of autocontrol bulk curing barn
for tobacco leaf[J]. Journal of northwest sci-tech university of
agriculture and forestry.2006, 34(1): 25—29. (in Chinese
with English abstract)

NGRS, ARARED, NIEHT. AEARE B3 Bt JTR[C.
IR Ve A A AR AR SR AR, 2009.

INGEAE, AALED, EIRTE, & IGTAETEE B3 (1 PR
E[I]. PEERE AR, 2010, 16(1): 31—35.

Sun Xiaojun, Du Chuanyin, Wang Zhaoqun,
Investigation into the design and development of heat pump
equipped tobacco leaf bulk curing-barn[J]. Acta Tabacaria
Sinica.2010, 16(1): 31 —35. (in Chinese with English
abstract)

W, EN, HhEE, S IERURBHRE ARG by B T fE
BRI, WA EE, 2011, 40(8): 215—218.
Peng Yu, Wang Gang, Ma Ying, et al. Discussions on energy
saving ways of heat pump and solar energy bulk curing
barn[J]. Journal of Henan Agricultural Sciences. 2011, 40(8):
215—218. (in Chinese with English abstract)

EACORE, JESCR, W, JEIH = B Sie [M). B2
HRAE, 2006.

B MRS M. P E AL AL, 2003,

VLl B SR REROR M. Hh AR R, 2010.
BHAMK, SREEG. AP BE M TIREORM]. A2 Tk
fiAL, 2011.

Heat pump

Pan Jianbin. Heat pump type of

et al.



T 1 B BEINR SRR R 67
[19] MifgdfE, B, FMVIF. OR-HOA A 20T Transactions of the Chinese Society of Agricultural

[20]

A RSGE)]. AL TR AR, 2010, 26(5): 342—346.
Cong Haihua, Xue Changhu, Sun Yan, et al. Quality
improvement of dried sea cucumber by combined heat pump
and hot air method[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2010,
26(5):342—346. (in Chinese with English abstract)

TRES, R, HORFIECE T ORI T S e s
THIE[T]. RNk T2, 2010, 26(3): 346—352.

[21]

Engineering (Transactions of the CSAE), 2010, 26(3): 346 —
352. (in Chinese with English abstract)

ik, A%, TAHR, % SEHARAETRERERER
ST HIRIG]. R TRESAR, 2010, 26(10): 134—
139.

Ni Chao, Li Juanling, Ding Weimin, et al. Design and
experiment of monitoring system for heat pump dryer of
enclosed cycles[J]. Transactions of the Chinese Society of

Agricultural Engineering (Transactions of the CSAE), 2010,
26(10): 134—139. (in Chinese with English abstract)

Zhang Yurong, Zhou Xianqging. Quality evaluation and
parameter selection of maize by hot-air and vacuum drying[J].

Experimental study on performance of heat pump system for tobacco leaf
flue-curing
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(1. Technical institute of physics and chemistry of CAS, Beijing 100190, China; 2. Graduate university of CAS, Beijing 100049, China;
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Abstract: In order to study the characteristic of heat pump system for tobacco leaf flue-curing and provide valuable
reference for engineering application and extension, a new heat pump system which had a simple structure, easy
controlling and low cost for tobacco leaf flue-curing was designed. Then the experimental performance of such system
was investigated. When the quantity of fresh tobacco loaded in the barn was 2 432 kg, the results of the experiment
indicated the maximum power consumption of compressor was 12.6 kW; that the coefficient of performance (COP)
reached 3.25; and the specific moisture extraction rate (SMER) of heat pump system for tobacco leaf flue-curing was
2.42 kg/(kW-h) during the whole curing process. Finally an economic comparison for curing tobacco between with heat
pump and with coal stove was made. The curing cost for 1 kg dry tobacco leaves was 2.12 Yuan with heat pump and 2.97
Yuan with coal stove. Comparing with coal stove, heat pump system for tobacco leaf flue-curing has advantage in energy
saving and remarkable social and economic benefits.

Key words: tobacco, drying, experiments, flue-curing, heat pump, energy saving



