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Atmospheric Freeze-Drying of Chinese Yam Based on Vortex Tube Refrigeration
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Abstract: A set of atmospheric freeze-drying experimental equipment was established based on vortex tube refrigeration
to dry Chinese yam. Effects of inlet pressure of vortex tube, thickness and shape of fresh sample, heating mode on the
drying process were investigated in the experiment. Results showed that the properties and internal structure of the material
had considerable influences on the drying rate during the drying process. Drying rate was improved through reducing the
thickness of fresh material and using combination of convection and radiation. When the temperature of drying oven was
slightly higher than the eutectic temperature of the material, the atmospheric freeze-drying process was still manipulated.

The optimal refrigeration efficiency for Chinese yam was obtained when the inlet pressure was 0.3 MPa and the cold air

flow rate u was between 0.4 and 0.5.
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Fig.1  Schematic layout of the atmospheric freeze-drying system
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Table1l Experimental schemes for drying of Chinese yam H= MM (4)
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Fig.3  Effect of heating models on the drying process

B3 AR BRI ZE (10 mm X2 mm) 7E 15 5 AR

Mg PN T 2. EB3ARTL, fETE L
A —15. —10 CLA LK —5 CHIFEL RS, FEih 4

BRI T B B By, 0B R EEY B Ch i
B, BWITERIREAGNED » REETEREH, ¥
BEA K2 EE AR, TR R BE A L e, 4k
BT, EEE S CAHPENXT, BETERT
B KT I ) KR 46 06, PRI IR — 15 "C 48 #ui
T, TSR NGRS . X R NELR — 15 CL4h s
T, YRR AR R TR R R R RN, A
BT K. RS R, RAMEE—5 CH#
B, PR R o I S B LI R, 7R A A
45, Ao THEAEENR. RAEE—10 CTH#%
B, R E TG IR OB pR i 25 1 4L 4
BEN—202C) , RIEMPRIELIG, TERER
U, FERE R FHARELRER, EmTY
DS A NI S B =l R A R R o C B
AIEE AT . BEBBEA, TR VT4 hE T
L, THRERA TN, XA RN TR R AR L
HAAEK A G, fERRSERT, Pkl
Wkl b O I 2 TR R ZE R OK, AR T R BN
MR 12 CHRA AR IS PSR, PR N, X
SRR AR IR, (1SR P 30 UK A% iR B 4
&, VKR R 28 SR T, IR T R AR IS,
M-S BZRY HORE UM N, 3 5 R h B i
IR R, ARSREE SR 7 RS RA A (12 CHE
S 3 BRI B ) B

23 YRR TR R S

Ky
SO
O=MNWARAULUAOAIOO

1 2 3 4 5 6 7 8
AR )/

ST T T T T T T T

4 PrEEENTREREW
Fig4  Effect of thickness of fresh material on the drying process

ME4RT LI . 2 mm 5 EERGPR L2 7 T 1ad & b
oAl JZ PR i ARG 225 WRLE BB, BRI TR
PR, TR SRR . X R ORI JE R R M R
(g B /R FE T, Tl R b D R A £ i B
(¥ 8 T B AR . PRHIE BE B N, AN (A S 45 A% o A% 4
(R AR I, T HL DA T R v A% B A% S BEL O
B, NIMAEAS T R AR A AR W 221, A, FESRPr
JS2F R A B AR TR BOR . REE LIS A, B
HEANRHK RS, SR T REERR, B TR K
I IR], AR B AR B0 2 o AT SRR 5E B G IR
AR LA, fEF 4 hZ 5T, P02 2 mm 5B 1



KT EEA

E6mill=

2015, Vol.36, No.20 11

Tl e L A R YR R ARG 2 E I Tk
K EARFAR, THE R b g . SCik[28]4%
Y258 S URE N ASE L 8 R B AR — 10 "CHE N, FR A
908 J5E 5 B FEE A 5 A P RE 6 Jn R P ek 1) B AR P2 224K
THRIE A IE AR R S YRR R b, T RREE S
IR, PPRHE ED TRl R AR gk, X5
IR FEMR N B KA AR AR AT R

24 PPRIEIR TR T R S0

TIAEKE (kg/kg)
O =N WA WL ?0

TR 1) /R

S5 PRILETR TR R AR
Fig.5  Effect of different shapes of fresh yam on the drying process

5 S e 17 B DRRTBRCBR A L 245 0I5k = ) R i
HorpfETHRAT4 hid R rh, TR RS, AR
VSR LU S5 N e B SR S 13 B RN 23 INEE A
W2 TR AR R, X R T E = et &
FOR B R A LE BRI KA 2, i LI SR RHE T
JE I AR e e AN A S RE A S B EN . WolfFRE™ 0 A
[FITEAR IR 5 48 b AT i SO0 W 7T, 45 A AR I BRE
L B S VN S S NP pL
2.5 THRTT A TR R AN BEFE KR

~6 —e— AFDTJi% ol
=5 o FD—|—J~'SZ%JL:$}; 4.5 %‘E‘{E
3 —=— FD'iERE 40 %
ZAPN e AFDTHRAERE 35 <
- 30 2
= - =
= 2 m 20 =
s L5 &
= 5103
K] 0 1 1 1 1 05 -
" 6 7 8

4 5
TJERIT [E)/h
6 T AXTRERF BRI ML

Fig.6  Effect of drying methods on drying rate and energy consumption

TIERERE (BT — AR EK S TR AL 2
WETRTZH—ANEERRE. NE6r LA, b
BRI AT, TR REEH R, oW EnE
WFEE B . REDR (10 mm X2 mm) #1129 7E
FDHIAFD 2% {1 T 1) T 15 18 26 [ 35 I (8] 11 28 K1 9 2% o
FE T 1R 0 ~4 hisk £ 1L 25 7 FD Lb AFD (1) T 158 0 22 4
P, TFE T4 hiG, AFDTEE K LLFD 1) 5l %
BRI, XAER A, EFDEBETEAERESTRET,
PRl R . BRIk, B TR R K

EAFDIE AR, R AR S S AR il = e s 49 T %
WAEARE . MWE6R LLEH, T8 77 SR Tk %
MRS S 35 o T R R I S T R I TR 110 E K TR 32 T 1Y
b, FET TR R RERI S B35, FDIW T REFE N
42 600 kJ/kg H,0. AFDIT R AEFE N30 552 kI/kg
H,0, FDMFIRAEFEFEIE T 291/3. 5 3CHR[29]195 3]
I SE6 45 A — 50, Wolff&" L+ 5 AR Tk,
XTI O R R 4 R T R R L 25 A R T A58 Y R FE A
TXPEESRES AT, AF S A R TR R AR —
H, HEMEREETLHL1/3. Hik, AFDA R T T
REFE ) FEAIC .

3 & #

BT — BT IR B YA 0N 1 AFDAL B 5106 2
B, BRI E R R TR E W RRIB AR, 1T
DA L35 S AFD 2511 RN 46 B S/ o2, T AT
B FARPIRL R TH K 28730 TR, AT P K ZE S5
JEAR TPk 93K I = A U J7, SEELE AR PE TR e
T, ARG AR TR .

X E AR IR, R DAIE I Y 3 B 1 R
R AE A SR FEN0.4~0.5, BEMIRE — A E R E
B A7, fE#EEE 710.3 MPak f3 4644 R R SR B R A
VA R

FEI B 2 H R A VR TR R b, PRk i
S PN RS 2 R e R M K o I SE kN R R
JE RSR: FH o 37 G A 7 UL o R X T AR v M
o (EXT AR TR A AR IR A BB, Mkl R T AN R
HHC R B R PRI P ZE 3G K, ARAS TR R, T
IR AL T R B, R R DU B E TR . T
SR PN R I T Rk =R AR B, g R AT AT OE
AT . FDRITEEEFEN42 600 ki/kg H,O. AFD)T 15
REFE N30 552 kI/kg H,O, AFD T AEFEL LLFDFAE T
21/3, AFDH F| T T AP .

Sk -

(1] TRE X, PRk, Bme, &5 PRl 25 X 5 4R ™= X 2544 )5
LRI PR 2500 78 5 5., 2003, 17(1): 19-21.

[21  FF, 500, FE. BRI EEE SR L. Th E )
5 9%, 2011, 17(3): 69-71.

[3] )RR, ARG, Bk SEDIVR L2 R o MR I R i BT T D]
bRk, 2010, 31(22): 203-206.

[4] DUAN Xu, DING Ling, REN Guangyue, et al. The drying strategy of
atmospheric freeze drying apple cubes based on glass Transition[J].
Food and Bioproducts Processing, 2013, 91(4): 534-538.

[5]  ¥SubPR, A MERR. o W PR AL ¥ VR T8 R i) DR 3% 1 S SR A [0,
TR 22441, 2003, 36(3): 387-390.

[6] HUANG Luelue, ZHANG Min, MUJUMDAR A S, et al. Comparison
of four drying methods for re-structured mixed potato with apple
chips[J]. Journal of Food Engineering, 2011, 103(3): 279-284.



12 2015, Vol.36, No.20 Rtz XL EBA

(71 ARSTRR, BRI, Begk, S F IR R TR BORTE £ i P BRI FE ). (18] RMR, 27548, Wz, 45, 2y ()X vk S 3 I it 7L ()]
BT S I, 2013, 34(18): 119-122. FEEAO AR, 2012, 18(5): 39-41.

[8]  WiWh, FMEME GRS TRECRFT S R I). TR R A, [19]  Zsi 65 SRSIK, & S0 R TR d i B BOes iR ], £ R
2013, 41(2): 214-217. 2,012, 33(15): 90-94.

9] MERYMAN H T. Sublimation freeze-drying without vacuum[J]. [20]  XI/INFE, IBUE, AR 125, 2, 21 A - B R P 2

. :?:@22512’1;33(3517:):\?vzlifr_;z(?\.VA RAJCIERT D ot al. Kined JR G, 40l T R4, 2012, 28(24): 280-286; 363.

, , - , et al. Kinetics T, Y e - - - 5
of atmospheric freeze-drying of apple[J]. Transport in Porous Media [21] ?EE, R, ﬁgﬁ’ % ﬂfa\‘.ﬁ..‘f[&y}#’ﬂﬁﬁhﬁi(*ﬂiﬂ%;’%%'f@ﬁﬂ?’%%
2007, 6(3): 159-172. BRI, A0l TR 2R, 2011, 27(H4F1): 382-388. )

[11] DONSI G, FERRERI G, PDI M. Atmospheric and vacuum freeze- (2] BRI, SV, BRITIT, S5 AFTRITAXS L MR
drying kinetics of shrimps[C]//12th International Drying Symposium. Y] FEiFEE, 2014, 35(11): 48-53. doi: 10.7506/spkx1002-6630-
Netherlands, Amsterdam, 2000, 6: 279. 201411010.

[12] CLOUSSEN I C, STROMMEN I, EGELENDEDAL B, et al. [23] KING C I. Freeze-Drying of Foods[M]. CRC Press, 1971: 21-23.
Effects of drying methods on functionally of native potato protein [24]  TYL WA 2 FLA B R TR AR K S8 i 58 (D). KO&E: K
concentrate[J]. Drying Technology, 2007, 25: 1101-1108. EH TR, 2013.

[13] CLAUSSEN I C, SROMMEN I, EGELANDSDAL B, et al.  [25] VE#HE, #B5, 10k, 45 BEAL0AMEN RN & T4 2 00
Relationship of product structure, sorption characteristics, and freezing AL, FO AU 4], 2013, 44(9): 145-151.
point of atmospheric freeze-dried foods[J]. Drying Technology, 2007, [26]  FAHMIA, MREGE. BFELT MRS TS0 /1 22 i R 2 48R ). &
25: 853-863. BB 4R 2009, 40(10): 114-120.

[14] RANQUE G J. Experiments 'on expansio'n in a vortex with [27] 230U, PABTE. TER. 458 Al TR R TR R
51mu‘ltaneous ex‘haust of hot air and cold air[J]. Le Journal de s, A E AR, 2013, 46(2): 356-36.

Physiqueet le Radium, 1933, 4(2): 112-114. ) N T AT (0 37 T 2 SR T 28 VLD,

[1S] W90, N RIR AR RS i SR D). b w25 PR RS RS R AT, 5
22003, T 1L ZR BT R2E, 2010.

[16] ALJUWAYHEL N F, NELLIS G F, KLEIN S A. Parametric and [29] WOLLF E, GIBERT H. Atmospheric freeze-drying, part 2: modeling
internal study of the vortex tube using a CFD model[J]. International drying kinetics using adsorption isotherms[J]. Drying Technology,
of Journal Refrigeration, 2005, 28(3): 442-450. 1990, 8(2): 405-428.

(171 5RANE, DA, SER, &5 —ph i T ECR TN LR U PR RE RS2 [30]  FARaE, BRFIEA. 7B AR TR A I HE0 B A ST FE 0], R

ISHEFI). REEROR S THE, 2007, 7(10): 2340-2342; 2353.

Mk TRE2A44]R, 2004, 20(4): 192-194.





