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Fig.1 Stereoscopic construction of the ventilating storehouse with
refrigerating and wetting systems
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Fig.2 Planform of the ventilating storehouse with refrigerating
and wetting systems

B 3 IRAE R BAAS
Fig.3 Citrus storein the ventilating storehouse with
refrigerating and wetting systems

2.2 EABXEREEMRE

Fi 1.1.2 75375, 200 mm Ak 85 5 5L 150 mm,
BT 18 kg/m® & 20 (A 1 45 K PO e
FETR . JEJE /N R B HBE Dl 5.07 m*C/W. W& 1. %4
SVARBH T E R ARME (GB 50072— 2001 ¥ FE ¥ HH A )
Hh A TS TR PR FE AR (4.08 M2 C/W) (I 2% 23~
28°C), AR e T R AUZE R BB (150 mP-CIW).
g5 IL3RW, 7E 200 mm kRS S5k, IS 150 mm, AR
JRhEh 18 kg/m® RIK M (REAR A RIELZ G B .
BB RPEIER EM R T ER A SR EME, "I,
HEGE A SR A, A&-FJ72K 2 000~2 500 JT.

*1 BRABREREBEE

Tablel Electric power consumption of the ventilating storehouse
FEN G PEAN PENAN JBAT  Mgtdy PEMRRERL(S PEfRE BB/

WRPES WREE WEEL W (KWeh)  #:22009%)  THIRY ((MPC) sW
T C C h (kweh) m?

25 24 215 24 12 10.8 106.14 5.07

SME 3, B ARG BLT R AT S8 R E
0.054 m/s, HLBRIER, (5 66.78 m® (KI5 i) f HL 22 i)
AL HE KR D 40 W) 150 T 12 5 A S 34 Ry
0.105 mvs, il tE LT ZE D7 3 R4 1.633 mis, 17
B AR (R R IR AT A I SR B, Wk 2,

Fz 2 EABXERRENEILR

Table2 Wind velocity in the ventilating storehouse
1

m-s
il Vg
JE D AT AR UERT LG
S B X EESTL
- 1.033 0.063 0.067
-2 1.267 0.093 0.063
A-4 1.267 0.057 0.073
thi-th 1533 0.103 0.027
-2 2.233 0.367 0.037
Ay 2.300 0.100 0.057
JG-h 1.933 0.033 0.063
Je-2t 1.367 0.067 0.050
Ja-Ai 1.767 0.063 0.047
S 1.633 0.105 0.054
NY/T1189-2006 i 7E%Esk  0.15~0.30 0.05~0.10

JE i B R P bR, 20 22 R R A RIS IR,
FEVR N 27°CR&% O°CH5 % 39 min, AE4r4PF& 0.70°C, FE
PRI ERT B R -5C LN, #HIRRE£0.1°C s s b
20 50%H, R 27°C %3] 0°C 75 2 120 min, 64,
BEANIE 8 ) AR 66.78 M, RN 10t CFIJHF 70%,
R B 5 m R s At A 0.75 Ym?), [l &5 k4 im) 1
FEr 12 kW-h KR4S B REDY, N 15 I,
FERHTIATA . FREET B AL H AE & 40~50 kW-h, &
VA E G HFEF 204 7~8 kW-h, T i, 66.78 m® (¥t ji
TB) 223 () AR LI 2 LA 2.0~2.5 KW R BL, ¥ kgs AV X,
LR 5 2 AHUCHL .

I in) (66.78 m®) ezt A i g, Thaik
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1.5 kg/h HVR, ZSPEFRARNEE M 70%FHE] 96%ih 5
3 min, TAERF RIS L] 1) 25%~35%, AH X e & &
SEPEE R 8.7%, PR A RIE T TR 99%, R IE
+200, [ 53 MR ANHRIA FEFLAE: 2.27 KW-h/(100 m*h), Lt

FRIA ZFERBE: 0.27 KW-H/(100 m*h), Jni s BT .
W2 3o U PR 1K) 50%IN, FHXEEE M 70%T )
96% 2 2 min. TJ 1, 66.78 mS [ 5 ) 2 5E i i 22,
R 1.5 kg/h VS E NI H .

F 3 MEFLFNEES R

Table3 Comparison of electric power consumption of the storehouse with refrigerating between with or without wetting

e e e S L e T IR H/ [laEEAIngEEN A 100 mPl AFEFE/ TR A 5 S hA FE L 22
JENTRIEIC FEANEIEIC JZE N AN ZEIC (kWeh) me (kW+h) ((W+h) +(100 m*h)")
-2.5, I 24 265 1.518 66.78 2.27 027
-2.5, AN 24 26.5 1.333 66.78 2.00 '

T R 3MA TN IR . Bl 2 Fuafr iU RFEsEnS b, “PRNIELEE” DRIl PR s “EANILEE” PRSP “ NN E”

IR ) S5 PRSP 2 0% ;100 m® FEACKEE” i 100 m® R RE dL AL

A4 200 m® RS AAE L 2

TRV R . VAT S0 T RV I R A () REFE LL
B, T MRS, 4B 15, HABHREZL N 7~8kW-h
PO, g 150 d FEHL 1 050~1 200 KW-h; YA A
JEEVE SRR, H TR, 2 SR E 10 H R R4E 4 -,
12 AR WA 2 Al TEAMEEL, 2/ 75d nf R A
RAVETT A TR, 15 t I 150 d #EHL 525~
600 kW-h; Tk B KRS, & 16 t S, R
TR 40 W RHERXUES 2 Jit s HE XU T A B R) A 0 8 i )
1/5, wIEH I 150 d #EHL 57.6 kW-h, AT UL, A FE. W
VA TEL AU S0 R T R D R A T BEFEAK K PEAIG, 15t
i 150 d AEFEAMK IR 1 050~1 200. 525~600.
57.6 KW-h, A I8 X% LLvA PR /D BEFE 50%.

2.3 A XL T i A A AR SR SE AT IR 4K 16 B9 B2 M

J\ BRI, 45 d (1R A 7 182 74 38 JX P2 (il
[ 6~8°C, AHXIUEAE 90%~95%) Ik fr I ik i 43
Sk 4.29. 2.34 mg/(kg-h), BH AT R ROERUE (R
[ 10~20°C , FHAHEE 80%~90%) i (437l &y 11.35,
13.23 mg/(kg-h) ). il 5 A 5% Mo A A SR S I AR 1 = 2
PRI 25126270 30 A 3 X 58 3 3ok 1) 4 ¥ 46 I B 42 )
G, AR B AL B3 ARG B i Y B, A A R A AR
YA T PR v 5 PR T R it S AR T 5 R XU
o
2.4 RABENXENEXHERKE RN

AR 1.2.3 W MMR S 145, ks (e

IR 5 SR FEHLZE Y AR RN ANELRE R, I v b kg 2 Az

150 d). REAH 3 120 d) 7B 874 38 XUZE A ek 11 s 2
RN 6.32%. 5.38%, HH AR T i L KA Pk i
HIE L2 (35K 10.67%. 12.04%) . 7575k PR B 5 i
F s TR X A RGBSR, TR AR,
WAl e RGBT TR, AR AR ORH T
Vo ST O PR A ) 3 G PRACRL, B AL T R SA EE
R T SR I R TG B SR AR L R, R
TS RO P B AL, A AR 7 10 4 3 X O 1)
g 92 2 B ARG 7 o R 38 XU R
2.5 EA I X EE I i 2 A A SR S SR R A B2 M

M 4 T, A N AR A T8 R O
AT HLRR 5B 543 791y 0.58 ¢/100 mL. 0.22 /100 mL,
W 3 T o5 R T XU PR e (43934 0.47 /100 mL
0.16 g/100 mL ), 1% &5 4L 55 LSRR V4 8 JXUZE H b ek 7
TREERII AT, PR E BEAR,  skb T TR R
ATHUIR I AR AR L BT A B4 30 XU I3 1)
BHESE. gih R C SR, AR S E. BibR
A5 Ve T o R R R s i e A, (HRIE B B
Ko AE T AT TR SRS AR i 2%, 8L B A
RGN B 5%, REALEE 2% 20 MRS, gE R,
A T8 XUZE I R PR A MER T 3919 40k 93 43, 86 4%,
T 50 R 300 X2 0 ) i AT T35 95 90k 76 43 65 47,
T VA 0 AP D ) SR SRR, mT L, YA R D
11 TR 512 it SO T 5 R XU I

x4 MENEERR (581 150d. #4120 d)
Table4 Quality of citrus fruit after storage (Jinchen after storage 150 days, Ponkan after storage 120 days)

v JE R KB (g - 200mL™Y) HHLER/(g - 100 mL™) i/ % Cl(mg - 100 mL™) ALk [ 1% PV 2I%
i VA R 8.33b 0.58a 41.11b 10.3b 60.230
licA o5 R JE AR 8.02b 0.47b 39.95h 9.5b 59.54b
HE WA R 6.41a 0.22¢c 15.62a 8.4a 46.92a
il o5 R JE AR 6.06a 0.16d 14.99a 8.0a 44.22a
3 & 1 NI i M 2 P = B b U W e 2 W 1 DA S B N A T D

ARGGI RV, BATERE . DR, SEBL T RE,
7 I IR I AT AR 18 BEAE - o R T XU, iy 1
AR TV P, R A T A T X263k L v P k2D BE AR
50%.

1) P74 AR B ARV SRR AR RV 2R
GRRRANGS &, R REFIERE . e X PRIE L
BE, FE WL T I XU AR ERI AR AL E ARV TE AL
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2) FHASIRVA I KU AT 3R E R U
R KR B . E S HURA R A I A s AT
B FEAN TR m i, A B A AR, B ie A
[ i ) A BRI R . BOE T hNE S, Aeik
TP b e . ME TR A sh i hes,  SEILEA A
T F shs il

3) EEVRA T KR, A% AT 5 my e U A
K 0.75 tmP &t EZS: 7F 200 mm JE RS g5k, T
150 mm J5. 18 kg/m® PR BT B IR M AR R AR AE i 2
JEIE T, PEARRINPE K 5.07 m2CIW, JE J I A4
R T AEHLAE 2.27 KW-h /(100 m*h); 4 66.78 m® ({7
6B R AR LI % 2.0~2.5 KWL IR 25 % 1.5 kg/h !
RENH.

4) BEHE . R A AR VA XU P, e R
SR AR LY, FE SR R 38 B B BRI, WP i B 2 e
55, WIRCO A PR E RV RS, R R AT
BPE T VA T N5, 150 d JE 6k 6.32%, WA VA i X
ek 120 d JE5 42K N 5.38%, W SR A -7 o I XUZE I 3K

(& % x #]

(1 AR, SRR R IR[T). ) PuAe, 1995, (2):
21—22.
Li Zhongdong. The research of orange storage in the cellar[J].
China Citrus, 1995, (2): 21—22. (in Chinese with English
abstract)

(2 BRBe, Lok EHEHaE RMeRg. NN,
1991, 11(2): 89—102.
Chen Qigao, Wang Kaixuan. The research of thermal
performance of Root Cellar[J]. Underground Space, 1991,
11(2): 89— 102. (in Chinese with English abstract)

[31  HAVEEE, BRBE, AREAE. AORLE 52 ) ok R Ak
RO ML TR, 2001, 17(4): 83—85.
Hu Xigin, Chen Ligeng, Ren Zhixiang. Improvement of the
ventilated storage house of citrus and its effectiveness
analysig[J]. Transactions of the CSAE, 2001, 17(4): 83—85.
(in Chinese with English abstract)

(4 Zwid, KO, Mo, 5. Uy ORIV ERT 5T
[J. £l T4, 2003, 19(4): 245—248.
Li Xihong, Guan Wengiang, Hu Yunfeng, et al. Research and
development of portable mini cold storage room[J].
Transactions of the CSAE, 2003, 19(4): 245—248. (in
Chinese with English abstract)

(5] ZA=wre, EAKET, BRI, 5. SRV AU B BER). R
Mp TR, 2001, 17(3): 88—91
Li Xihong, Xia Qiuyu, Chen Li, et al. Optimized design of
mini cold storage house[J]. Transactions of the CSAE, 2001,
17(3): 88—91. (in Chinese with English abstract)

[6] AU, 2R, BREN. GOTREREEMERRO[T. R
AR AL, 2000, 6(3): 7—9.
Hu Yunfeng, Li Xihong, Chen Li. Studies on structural design
of energy-saving mini cold storage complex rooms[J]. Tianjin
Agricultural Sciences, 2000, 6(3): 7—9. (in Chinese with
English abstract)

(71 Waw, g, K&, 55 Jm OREEE AR L v

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

BRI S8R ST Ak TR, 2005, 21(7):
132—135.

Hu Yunfeng, Li Xihong, Zhu Zhigiang, et al. Design and
effect analysis of the gradient temperature cold store for fruit
and vegetable preservation[J]. Transactions of the CSAE,
2005, 21(7): 132—135. (in Chinese with English abstract)
XA, WM PR ST [J). (KR 55, 2006,
24(6): 10—1219(4)

Deng Zehua. The construction design of fruits and vegetables
CA storage[J]. Low Temperature and Speeiahy Gases, 2006,
24(6): 10—12. (in Chinese with English abstract)

FEHV, FICE, BA. REARER B I R
Aol kR, 2003, 9(2): 42—44.

Shi Zhiping, Wang Wensheng, Yan Shijie. Design and
application of CA room[J]. Tianjin Agricultural Sciences,
2003, 9(2): 42—44. (in Chinese with English abstract)

/NG AR BE YA PR AR A R A S AL HR AR
bR, 2006, (6): 46—47.

Liu Xiaoyong. The characteristics and application of the
energy-saving mini cold storage house[J]. Gansu Agr Sci and
Techn, 2006, (6): 46—47. (in Chinese with English abstract)
WS, BRI ARO[ WA HOR, 2008, (2): 9—
12.

Da Meigin. Energy-saving design of cold store[J].
Refrigeration Technology, 2008, (2): 9—12. (in Chinese with
English abstract)

YL, ZERE, x) o, 5. BRUERATRIRARI. &
AN T+ %% F, 2006, (4): 59—61.

Shen Jiang, Li Yuanyuan, liu Bin, et a. The research on the
energy saving of cold storagelJ]. Academic Periodical of
Farm Products Processin, 2006, (4): 59—61. (in Chinese with
English abstract)

AT, £ OB, RAIE, & AR, Y
HoA, 2008, (2): 1—4, 12.

Li Kuining, Wang He, Wu Zhijuan, et a. Discussion on ways
of energy-saving in cold storage[J]. Refrigeration technology,
2008, (2): 1—4, 12. (in Chinese with English abstract)

IME, BRI, Y EMLERITT EEOR[Y . iRE, 2004,
(1): 19—22.

Sun Qian, Huang Yisheng. The technology of energy-saving
in cold storage by microcomputer control[J. Energy
Conservation , 2004, (1): 19—22. (in Chinese with English
abstract)

FHR—, AT, JXHE, & BAWRBEAEAEST
M AR . #4520, 2009, 23(8): 75—78.

Zhou Dongyi, Shi Chuping, Yuan Wenhua, et a. Applied
research of cool storage and energy conservation technology
on Cold Storage]J]. Refrigeration and Air Conditioning, 2009,
23(8): 75—78. (in Chinese with English abstract)

TRET), BN, AP, . FrHLATRENLYA 8 R R
WEBAR. JbyEE, 1998, 122(5): 12—13.

Yu Qiugong, Gong Mingbo, Wei Shaowen, et a. The
technology of Garlic Sprouts energy-saving cold ang
ventilating storage in Growing area]J]. Northern Horticulture,
1998, 122(5): 12—13. (in Chinese with English abstract)
THZE, AVEE, EAdk, . NY/T 1189—2006 At
M), At EAOE A, 2006.



360 Al TRE2EF 2010 4F

(18] ZEifghE, e, 9K, RS REA IR . i [22] =M. BT, GBIT 6194—1986 /K. Big [T

BHL, 2010, (2): 121—123. BENEAIM]. et A E bRk AL, 1986.

Gong Haihui, Xie Jing, Zhang Qing. A review of the [23] ZEFMh, 183G %E. GBT12456—2008 £ Ff it B2 1 il &
construction and thermal insulating materids for cold [M]. dbmt: o EsRAE TR, 2008.

storeq(J]. Logistics Sci-Tech, 2010, (2): 121 —123. (N [24] yUAAARF LRS00, GBIT 6195—1986 7K M. Hisk
Chinese with English abstract) Yer % C A MRS (26- —SUBEIINEIE) [M]. bt

[19] UM AC, Xk, SCSCHRE, S, TORAREEA FE N AR T RERT o FELBRME L i, 1986

JUT. REAAAS, 2003, 9(2): 12—15. [25] Wasih, $lite, HT5E. GB 12205—1990 K. 3K
Gong Zengyou, Liu Bin, Guan Wendiang, e al. Study of S TP LA O RO — A SR IM). e o

insulation characteristic of mini-cold storagelJ]. Tianjin
Agricultural Science, 2003, 9(2): 12—15. (in Chinese with
English abstract)

[20] Xk, M, WEdhEE, . FE SRR TORA R R

[l byt th AL, 1990.
[26] T HZE, R, Bl & . v i B e i i sg ). &
PEEIN T e 2%, 2010, (3): 8—10.
) Wang Rikui, Zhou Lian, Chen Ting, et a. Effect of
M BB B i (TR Sy 2, . _
PERERSIRIBISTLT]. AL LFEAi, 2005, 21(2): 233 temperature on JinCheng orange in cold storage[J]. Academic

231. Periodical of Farm Products Processing, 2010, (3): 8—10. (in
Liu Bin, Yang Zhao, Tan Jingying, et al. Effects of wall Chinese with English abstract)

construction on the performance of the mini-cold storage[J]. [27] WIEEEL, BhZE, SRR, 4. ARFEROE R SRS

(T:rr?mctio:i :f Itf; aEzA; 2005, 21(2): 233—237. (in A TR T BRI S . ERb R, 2008, 36(5):
inese with Engli rect) 2035—2036, 2084.

A2, SEME. BEERIPIUGEEEN S VALY RS , R -
[21] Wadlt, e, SRANREEENE AL RIS L Liu Jianliang, Lu Yiming, Zhang Wanfeng, et a. Influences
2003, 3(2): 24—25. of different storage temperatures on post-harvest physiology

Yang Zherpsheng, Yuan _ Wei. Method for determining and storage quality of Citrus Reticulata Blanco Var.
respiratiry intensity of fruit and vegetable.]. Sorage and Gong-gan[J]. Journal of Anhui Agri Sci, 2008, 36(5): 2035—

Design and effect analysis of citrus ventilating stor ehouse with
refrigerating and wetting systems

Wang Rikui, Zhou Lian, Han Aihua
(National Citrus Engineering Research Center. Citrus Research Institute, Chinese Academy of Agricultural Sciences,
Citrus Research Institute of Southwest University, Beipei 400712, China)

Abstract:In order to study energy-saving and efficient techniques for citrus storage, the author developed a new type of
storehouse— the ventilating storehouse with refrigerating and wetting systems. The system performance test and storage
test were conducted. The thermal resistance of the storehouse was 5.07 m*°C/W, and the energy consumption was
2.27 KW-h/100 m*h which was 50% of the energy consumption in cold storage. In the storehouse, temperature could fall
to -5°C below, control accuracy was +£0.1°C, humidity could rise to 99% and control accuracy was +2%. In the
ventilating storehouse with refrigerating and wetting systems, the respiration rate of citrus was 4.29 mg/kg-h (for Jinchen)
and 2.34 mg/kg-h (for Ponkan) respectively, which was lower than that in the simple ventilating storehouse, and the
decay rate of citrus was less, which was 6.32% (for Jinchen store 150 days) and 5.38% (for Ponkan store 120 days)
respectively, and the quality and the flavor were better. After 150 days storage for Jinchen, organic acid was
0.58 g/100 mL, sugar was 8.33 g/100 mL, vitamin C was 41.11 mg/100 mL, after 120 days storage for Ponkan, organic
acid was 0.22 ¢g/100 mL, sugar was 6.41 ¢g/100 mL, vitamin C was 15.62 mg/100 mL. The results show that the
ventilating storehouse with refrigerating and wetting systems are an energy-saving and good effect storage facility, in
which the temperature decrease with nature cold source or refrigerating system, and humidity increase in the storage.

Key words: storage, refrigeration, humidity control, ventilating storehouse with refrigerating and wetting systems,
underground ventilating, wetting, citrus fruit



