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Design and drying test of refractance window drying equipment
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Abstract

2 mm &

: In order to explore a suitable drying device and method

for heat-sensitive pulp materials, a refractance window

dehydration (RW) device and an infrared refractance window de-
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hydration (IR-RW) device were designed and manufactured with
hot water and carbon fiber infrared plate as heat sources, respec-
tively. The drying experiments were carried out with carrot pulp
and also compared with the hot air drying. Both of the RW and
IR-RW device were composed of feeding system, heating system,
cooling system and unloading system. The control system was
made of touch screen and a series of slave controllers. A control
network was formed base on Modbus protocol to precisely control
the parameters of drying process. The experimental results
showed that the design scheme of RW and IR-RW drying devices
was feasible and the work program was also reliable. When the
drying temperature was 95 ‘C, both of IR and IR-RW drying de-
vices can achieve rapid dehydration, and the 2 mm thick carrot
pulp can be dried in 5 min. The material temperature raised rapid-
ly to 60~75 °C at the initial drying stage, and then gradually be-
came stable in the middle drying stage, and decreased in the later
drying stage. The maximum temperature of the material was
15~25 °C lower than that of the heating source of drying. In the
preheating stage, it took about 2 minutes for the IR-RW device to
reach the set temperature, while it took about 30 minutes for the
hot water to reach the set temperature in the RW drying process.
The quality attributes of the RW and IR-RW dried samples were
not significantly different (P<C0.05), and had the color difference
(AE) and loss of carotene are about 17, 10% respectively. The
required time for hot air drying at 75 °C was nearly 13 min, and
the loss of carotene was 32.58%. The HA drying samples had ob-
vious browning and bonding phenomenon, and the color
difference (AE) of HA samples was 37.5. The research results
provided important information about pulp drying with RW and

IR-RW drying technologies.
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Figure 2 Schematic diagram of RW heat
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Figure 4 Schematic diagram of RW drying equipment
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Figure 10  Control interface of touch screen

JFHL

KIS MFATREERITSKE

R Bl A B A0 B A ) AR O S T MR R I T R IR R %
HIEL B4 T2 580, IR-RW %5 5 5 4 2 55 FLH Ffl RW %%
B AT AT R = 4 A D) A 4 ) AT

FHERSPATRAEWE 11 k. RW 35 IR
RW 2% B HOK Lk 2F 4k 21 5K #0488 B 1) 22 48 4 43 51 %t
NI V(2R RELRAE . il 557 45 1 3R e 2 T Flag b5 ik
RRFS e £ AT B A L 24 Flag g 1 B, 32 0 T #i
MARZH, EMHURBOE E M TR S S AR 2R K
PEAR MR A A WAL S 4R 5L T T R B L HE TR K 55 S
BgRes . XY Flag 2 0 BF, BT HE RIZ5 50, B A0k
EAEPLIE 4

Flag

BEIUS bR & A7

7'_[_}
/IJ'_:‘
| (2)
FIT PRI T e P
Al Time T, HET, g | [ i
i ‘LXZE'I)\/IL\
- | | [P |
6T I Foi e iT.. T O]
T, ‘ ik | R AIL AL
l 0 l ‘L)L/IEF}\@\
ORI . 7 BT
P 2 T TR | [ AT
S [Kikoff | [&ibon || | PAHsiIRE IR
| | |
R4 e

B 11 AR3EAXERBLPATAER

Figure 11 Flow chart of key instruction execution of touch screen

4 AR A E A RS i ik
4.1 RIEH R R AL E SR

BEEEIE N ZATH G W R A T AR R AR
<30 min, %54 GB/T 5009.3—2010 w1y B4 T v,
T ZE W 4 D AR &K B (97.420.42) 6,
4.2 KM E|RFZE

RW Fil IR-RW T i 25 & 1 3% F§ NJZSD-002 B4 {&
(P TR A R D 1] 43 50 4 58 A K m#4 &
G5 kAT HELT AN A R B8 6 AL E K RW A IR-RW T
SRALE . WE 12 Bk RW FHRATE 81 8 P 3RORE &4
BB SEHTHRLZET, THREHE RIS
MG, W A YRR 101-18 $4X T B4 R ) IR AY
aBHCA RA VD BT BT (HAD R E S RW AL R-
RW T4 I B AR W]
4.3 THREESEUE
431 FOKFEWE  45E BT 6 5 KR R Rk 27 4E 21

B12 R PRI FEFTRATSLAHHRKRE
Figure 12 Typical material state of carrot pulp before

and after RW drying

113



114

A 542 % MACHINE & CONTROL

MR BB E A 95 °C o HLER TR - AAIRURE % 11 PR R
FE 2R SHI0A s 7K 43 2 A3 C L ¥ A8 38 S2 0l A BR 2
CIRNI=R i3 ° N IR =7/ o S E R i b
R R A E N 0.02 L/m*, T3k .ﬁ7k$<8/ﬁﬂ?
L,%iﬁw&/\%zﬁiﬂﬂ‘{%,ﬁ CE ok

4.3.2 B Y MR YRR R

@)) é{jﬁ-T-i;@ e ESEGE S AE HITH, A
HT-2000 7 {8, 22 4% QR 5 2% A AR £ A BR 2 &) I 52
ANE /)N F W TR0 5 (005 25 5 /0 .

(2) ¥ NE S8 . S| GB 5009.83—2016 [ )7 ik
HEAT .

(3) WRHR B - RW #UK IR B i I8 75 3R B, IR-RW
ZLAMRR B2 H IR B R AR H AR I TR TR B 1 b 2 T IR
JE W eHIE RE 35 B 8528 2T A IR A (R 5 J5 8 L T 1
i A B FD I
4.3.3 B Ak B Fﬁﬁiﬁ%ﬂjiﬁi%‘(i(,%ﬁﬁExcelzow
WAER.

5 #iRk5nbr
5.1 REFBRARK TR E S

& 13 W] A, HA T 4 i 8] 3 K, 2929 13 ming
RW 1 IR-RW T HT A 5 min, H —FH L8 FH L7
(P<C0.05) , & WA ik 2F 4k 21 SMR A R Sl A 508 18 RW
REPHPOKIMARG, H ZF Y A e b
1 4 s ]

5.2 WMEMMTREEMETHIIE

5.2.1  OWEEH TR AR R S AR AR R
FRAFAE AN R e 45 007, RW F M IR-RW T )5 9
R OULES #2500 L B A o B P G B 14 TR . TR
I T R THTREDR T 2 TAT 5 3R e R o AT, O AR

AL RYIT D 5 RAB NS K%, 40 T#HaE
wﬁmo
5.2.2 TR ML B 15 7T Bk 4R 2 41 40 B
Tl F 95 °C % 4 R B 2 T 3 90 °C L i i Al

207

T J st I
Drying time/min
SR
T T

wn
T

ImD

IR-RW HA
Ty

Drying method
THREAN A 7R 22 5 % (P<0.05)
B 13 FRE T8 X T8 -F IRt
Figure 13 Drying time of different drying methods

BE 2278 | 2020 £ 9 A | R@SHH

(a) W% MK ERM100 x (b) 3 NI ERIES00 x

(e) A% MK ERIM00 x (d) #HE MR RIES00 x
B 14 #HHETHRAY P REDBALEH

Figure 14 Typical picture of refractance window

dry carrot pulp

—~IR-RWZLAM L o-1R- H\Wékﬂ?nuf“ﬂle—H\‘WJ//J*?H:'ﬁ'IE

-~ RWHUKILE S RWIEEE A~ RWHPRHERE
100 i
£ 80 1
< 3
i 2 60 i
= = }
% £ 40 5
£ 20 T Bt TR By
0‘ Il Il Il Il Il ;
0 5 10 15 20 25 30 35
Ty 1A
Drying time/min
B 15 IR-RW = RW (X BB E T iLth &
Figure 15 Temperature changing curves of IR-RW and
RW drying system
{29 3 min, H & BT R, RV R 5%

on/of f #8520 AT A 25 4 il sk 4F 2k 4T SRR B B k. RW 2%
BN R GRS, R % R H PID B
PR HROK IR POK TR R E 8 5 I E T £ %
Ti#A4 30 min J5 . RW &34 il BE E 47 29 90 C. T AR By
B W% MBI F RW R IR-RW 3 & % 37, #) Kt
2 min NI EEIETRHEA 75 CHE TR, IF R
tH B ek T B e AV 0 R B, 3R W T A TR T AN T AL
MIFR B, EW] RW Al IR-RW T4 = % 5 TR 4 4
T RN R GE AL AL R . Jimena 5510 58 30 BE
TIEL R B AT 4 1 T 0 5 B v 21 A1 R G A% 3 0 AR A
2y 5% AR5 1 B R G SR S T {H Zotarelli 255
BTSRRI T b R BT RS 0 R R R Y
B IX T g A B kL R OR ] L B SR B K
BH5 A&k 22 ] 7 A ] B 25 SR AE FE 3 R T #ARH., L7
TR L, TR RO R SO R R
FBF . 2 B SG R T B A L R I B I 2 A



r&M | Vol.36, No.9

5.3 BEMEMREEXHR

WIS & MW Loa b H5 514 53.4,
28.8,44.0, & 16 W 4, RW Fil IR-RW T8 J5 7= 5 B
Py AR I B B 45 1% 00 RWUIR-RW L HA 4 5 7=
WM AE 45k 17.3,17.8,37.5, H RW fl IR-RW
TR EELEEEES  AFENRMLT HA T,
X AT RE 5 BT i A A BB AR R AR M E A 6, 5 Nas-
cimento 55UV FERRBEAE - RW B A i 258 A Bl B
SEEI S MR T P RS EAN 1.78 mg/g, RW,IR-
RW.HA TG % MR & 455 K 1.60, 1.61,
1.20 mg/g; AT R b RS Y BEM, =& Bk
RO HK10.11%,9.55%,32.58% . Ortiz-Jerez 472 45
L RW A5 1 T M b ] 358 W B 0 o 1 28 R R BE L UK 43 1Y
TSR P S LR L KBRS, —ERE L
BT YRS AR AL A R TS R R B PR
6 5ig

SRR YR A T R R I Bt TR T UK
TN FR Bk £ AE LSRN AR A I 6 T MR L £L A P o T4
BEE LS MR O R AT I I IE. 45 R .
@ =T TR EE SRS S B0 B, R A Modbus Ppill
Xof e 55 HEAT B T S SE IR W R R S T . B XS
Yrih 3 T H ke B L 2R A PID 023 WO i 8 4 T8 IR B2
BEXS LA T S5 1 T R 2 ok £F 4t 21 AP B A AR R B T
T A R R A R T on/ of £ X I 45 Bk 4T 4k 41 Hh

501
. 40F b
S
Eé 30+
#E ol
S < 2
=}
0
RW IR-RW HA
TR
Drying method
(a) BZ{H
401
b
B R 30r
K7
=
% ¢ 20k
+ 3
& £ )
=3 10k ﬂd a
0 ﬂ
RW IR-RW HA
AR Y EN
Drying method
(b) W bFEBK
FREAN Al 2R 22 5 .3 (P<<0.05)
16 FARAFTHRAMHFTHEZEA AT M ERLE

Figure 16 Color difference and loss of carotene

KIDWE GEFTREERT SR

Mt BE R 00 3t B2 AR A o AR B 1R R O 56 i AT AT
O YT+ AN LL AT O B AR A 2R TE B k2
(P<C0.05) , T mf A] @ 2= (HAE B R K #0 5l
5 min, 17,1090 5 (0 Z0 50 37 5 77 1 48 %€ & 75 T34 B
B THil AR T AT T TR TR
95 T, feisilf KRR 208 75 C s — & RPN T B
FRAHLL #1853 i IR 45 4 1 15000, HL & 5T W) B ¢
b © I el THRE AR H ATk A T 0 TR R By Be . s
R B ki TR BR S IR TG A TR T 5 Xk R A /N LA
B YR RN 2GR AT PR — 20 s RO AT R R T
SR TR B IS W L DR R 2 T M O T BE 25 TR
PR 2 T 45 B4 R [ o AT 07 S TR

e dN
[1] LAMIDI R O. JIANG L. PATHARE P B, et al. Recent ad-
vances in sustainable drying of agricultural produce: A
review[ J]. Applied Energy, 2019, 233/234. 367-385.

[2] NINDO C I, TANG Ju-ming. Refractance window dehydra-

[}

tion technology: A novel contact drying method[ J]. Drying

Technology, 2007, 25(1) . 37-48.
[3] CELLI G B, KHATTAB R, GHANEM A, et al
Refractance window™ drying of haskap berry: Preliminary
results on anthocyanin retention and physicochemical proper-
ties J]. Food chemistry, 2016, 194, 218-221.

[4] CAPARINO O A, NINDO C I, TANG Ju-ming, et al. Phys-

L

ical and chemical stability of Refractance Window-dried mango
(Philippine ‘Carabao’var.) powder during storage[ J]. Drying
technology, 2017, 35(1): 25-37.

[5] CAPARINO O A, SABLANI S S, TANG Ju-ming, et al.
Water sorption, glass transition, and microstructures of re-
fractance window-and freeze-dried mango (Philippine *“Ca-
rabao” var.) powder[]]. Drying Technology, 2013, 31(16):
1 969-1 978.

[6] BERNAERT N, VAN D B, VAN P E, et al. Innovative re-
fractance window drying technology to keep nutrient value
during processing [ J ]. Trends in Food Science &.

Technology, 2019, 84 22-24.

ABONYI B I, FENG H, TANG Ju-ming, et al. Quality re-

dried with

[7

[E]

tention in strawberry and carrot purees

Refractance Window™ system[ ] ]. Journal of Food Science,
2002, 67(3): 1 051-1 056.

[8] RAJORIYA D, SHEWALE S R,

[}

HEBBAR H U.
Refractance window drying of apple slices: Mass transfer
phenomena and quality parameters[]]. Food and Bioprocess
Technology, 2019, 12(10). 1 646-1 658.

[9] NEMZER B, VARGAS L, XIA Xiao-yan, et al. Phytochem-

[t}

ical and physical properties of blueberries, tart cherries,
strawberries, and cranberries as affected by different drying

methods[ J]. Food Chemistry, 2018, 262. 242-250.
(F#% 141 70

115



r&M | Vol.36, No.9

x1 FERETITRNMERENK
Table 1 Evaluation of performance characteristics of

the apple vacuum pulper

HLAS P/ FrE/ 78 FE PPO ifitk:/ POD it/
MPa  (kg+h 1) (ODuom) (Uegl) (U-g!)
0.010 1510 0.21 0.01 0.06
0.006 1550 0.24 0.02 0.14
0.000 1613 0.75 0.04 0.36

AR (A) AL AT L R SRR R T R O SRR
6, PR B 3 R 05
5o

I PR T A BT B R R TR SR AT R A
F SR A8 A2 i AL, R 1 39 2R T R 5 B Tl R T 0 B
Bt AP T i A7 1 A b oR] RE Hh LAY 4T 3K ek R R g AR 0K
VA B B 4B 22 25 3 00 SOV B Bk R LR 1A S
R RS T4 A B IR T AT SR A TR R G B AR
TESPESRBE R AT IR AE o= T AT PRIE S S W 4 )
AT R AR AR L s PR AT e KRR
SRR A I R E AR

S ik
C1] Byt 48 7 400 il 300 0o 3 2 2 W S AL B h LB [0 .

Br % @B P NBEERESITENIEIT

S HL, 2015, 31(4) . 122-125.

(2] By, BB S0 % S A as 22 ikl /e 10D . b
VRN . 2018(7) ; 138-143.

[3]RES. ¥R\ EEMNEATRERI] g 5KET
Ak 2018(3) : 280-286.

[4] £7. HPTLC-SERS i K & # 45 11 b 45 S g kB L]
i S AL, 2018, 34(7): 59-64, 77,

050 =Rl B oM RBE I THLM A BUIR 5 & a5 L], 44
S bk, 1994(1): 6-8.

[6] o], Helf. LS des (M. Jbat: Bl i,
2015 67-72.

(7] Z 8. MM TRME T Z% ML Jbat. w5208 it
1990 77-86.

(8] BT M. MEMEIMS LM do st B2 W0,
2003; 273-283.

[T MK R . WM. B3R, R 3 5 PR A0 00 60 1 50 1 2 4% ) 0k 4L
ARESR T e ] Ak T, 2015(7): 5-7.

[10] SR8, UM SEH F M. Jeat. (o2 Dok i pidd .
1999: 901-1 242.

[0 Xl A. HLA LA F LMD, 3 M. dbss: BLAR ol i
#t. 2001; 659-669, 1 176-1 178.

[12] BRAz. %Al 2P Bexd B )30 R R s w1 ], &
f Tl B . 2019(20) ¢ 285-289, 295.

[13] A k. m A A T R B 5E [0, & i Toll, 2017
(8): 5-9.

(EB% 115 ®)

[10] RAGHAVI L M, MOSES ] A, ANANDHARA-
MAKRISHNAN C. Refractance window drying of foods: A
review [ J ]. Journal of Food Engineering, 2018, 222.
267-275.

[11] JIN Wei, MUJUMDAR A S, ZHANG Min, et al. Novel
drying techniques for spices and herbs: A review[]]. Food
Engineering Reviews, 2018, 10(1) . 34-45.

[12] 5k TM. Herth, M, 5. HT L0 sbsum i T
e g Bt S B )], ek TR, 2016, 32(17).
242-251.

[13] AZIZI D, JAFARI S M, MIRZAEI H, et al. The influence
of refractance window drying on qualitative properties of ki-
wifruit slices[ J]. International Journal of Food Engineering.,
2017, DOI: https://doi.org/10.1515/ijfe-2016-0201.

[14] CASTOLDI M, ZOTARELLI M F, DURIGON A. et al.
Production of tomato powder by refractance window drying[ ] ].
Drying Technology, 2015, 33(12). 1 463-1 473.

[15] MUJUMDAR A S. Handbook of industrial drying[ M]. 3rd
ed. Taylou: CRC Press, 2006 263-730.

[16] EHS ., RTAR, TRAL, 55 WINRR P20 o TR AL BT
5] RSP, 2019, 35(8): 110-114.

L1770 fmeid, AR)70R, B, S5, IR BERR B2 194l o2 B 78 A 44

T M e B R W 5 LT ). & S S5 LA, 2019, 35(8):
148-154.

[18] BAEGHBALI V, NIAKOUSARI M. A review on mecha-
nism, quality preservation and energy efficiency in refractance
window drying: A conductive hydro-drying technique [ J ].
Journal of Nutrition, Food Research and Technology,
2018, 1(2): 50-54.

[19] JIMENA M, GULATI T, DATTA A K, et al. Quantitative
understanding of refractance window™ drying[ J]. Food and
Bioproducts Processing, 2015, 95: 237-253.

[20] ZOTARELLI M F, CARCIOFI B A M, LAURINDO ] B.
Effect of process variables on the drying rate of mango pulp
by refractance window [ J]. Food Research International,
2015, 69: 410-417.

[21]7 NASCIMENTO C S, RODRIGUES A M C, SILVA L H
M. Development of a dehydrated product with edible film
characteristics from mammee apple (Mammea americana
L.) using Refractance Window drying[J]. Food Science and
Technology, 2020, 40(1): 245-249.

[22] ORTIZ-JEREZ M J, OCHOA-MARTINEZ C I Heat

transfer mechanisms in conductive hydro-drying of pumpkin

(Cucurbita maxima) pieces[ J]. Drying Technology. 2015,

33(8): 965-972.

141



