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LINEKA 2087 SKAERIA 4Bt SICHAE 6T 7K
BASEE 8THREEDT OHRRE LN 10BHESZA 1171850 12014
WOBNAVERERLR 14T 15 8RR 16 HIRANL 17 BRI
1.Humidification water tank 2.Wet curtain  3.Air bellow assembly 4.Human
machine interface 5.Distribution box 6.Doorknob 7.Fan support 8.Drying
chamber door 9.Moistrue removing centrifugal fan 10.Tray support 11.Door
hinge 12.Return air flue 13.Electric heating assembly 14.Inlet air pipe
15.Iron ore net  16.Axial flow fan 17.Weighing module

B 1 REEEHABIRARTRIEREHTER
Fig.1 Schematic diagram of hot air internal recycle dryer based
on being controlled temperature and humidity
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Table 1 Experimental design and experimental parameters
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- e Sl
Prtc?ss Experimental ~ Relative humidity S?;\%:Ltijr!e?/h
number RH/% g
1 20 B4R To end
5 % 2 30 HEL To end
Constant relative
humidity 3 40 45K To end
4 50 450 To end
5 50 10 min
20 LR To end
6 50 30 min
W Bl 20 HEL To end
Stage down relative .
humidity 7 50 60 min
20 450 To end
g 50 90 min
20 4K To end
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Moisture content on dry basis/(g-g")

a. THRAFIEIL

a. Drying characteristic curves

TF: RH GHIHEE, THEEEN 60T, KN 3.0 ms™.

Note: RH is relative humidity , drying temperature is 60°C with velocity at 3.0 ms™.

b. TR 2k
b. Drying rate curves

c. M1% MRJEMZ

c. Temperature curves

B2 ERATEETHY Ny FRAF®. REFEE B

Fig.2 Drying characteristic, drying rate and temperature curves at constant drying relative humidity
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Moisture content in wet basis/(g'g™")

a. TARAFPE 28

a. Drying characteristic curves

e B S — B BB R BE S0%K LRAF I 1]

Note: Time means first relative humidity 50% keeping period.

b, TR 124

b. Drying rate curves

c. W% ML L
c. Temperature curve

A3 MEFEETHT My TR N. 23R EHE

Fig.3 Drying characteristic, drying rate and temperature curve at step down drying relative humidity
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TR AN . Ky 28 T A8 K I AT RL P L
FRAK, B o PR &S TIEG . AHRNR R 50% R FF
10 min J&5, PPRHEE BARTHBIE Ml s, HT Rk THE
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DA 7K 23 s FEE AR E B B A — 350, AR EE R 20%
o TR N, R ILEE TR, H 3.0h 5, Pkl
TR EE AT HoA 3 Rl (P<0.05) o B ke HEEE in
HT NIBKDER . AR 50%REF 60 min BY
90 min Ji B A ATRHEE 20% S [R)AE B BT Fel T B, {5
PRFERAE K, SRR TR T I . PR AE T R0,
kL T B BRI HAR O T, BT TR A
PR R T4 5 T ], 3 TR .

2.3  ETF Weibull 5% iR £189 T 1R F24EHL
2.3.1 AT RELMK a FFRSE pxtF IR 047

FIFH Weibull 43 o FOGAS A T4 1F R EHE
BT A, SR 2, e R R TR
1% 25 RMSE 141, Weibull B8 0n] HERf IR AS [F]AH KR

FEHE SRR

RIESH o For TR AL Bk 2 w5,
JE S8 ARG T o 75 1.864~3.635 h Z 1], a {HHOK,
D F e TR, 4 8 ik A5 Uribe 251N 1A
FEEWRA—2G E BT, o (H1E 2.143~
2.803 ZJa], FXAXSEREE 50%REF 30 min I, o KT
A E A B AR FF 10 min 4615 R o {5, 1RSI AT
REFE R, TR, Ko LR E] 0.37 1T
IR ETRSE (SRR B ST 2 )i L7 S S Y C Ui R L A

RS HL B RN TIRVIGEI BRI T 2. Y
B>1, TR RIS THE S O I B, T R o &
AT B A L R 4E s 4 B AE 0.3~1 ZIaJi, T4
] 3T o S o S U S ) € i P
LG, BAEAE 1.296~1.713 28], Mt FEA7 A6 ST
B, TR REUETHE G BRI B B (EYE 5%
P ARSI T FYa A —2, SRk e
WAL TR TR 8, tbal WL, o fB S WK oy LE R
R3] 0.37 AT TG BRI TR, 17 B 5T & Ykl
PRASFI TS . WSS R R 0. Ry (S5 W kA LA
JOFHIZE, HRDH Y BRI, HAE 7.98~
10.62 2 [A19% 2 7l fig L Wl T4l F v e i 45 <0,

T2 ARTIEREHT Weibull 1l R

Table 2 Weibull model simulation result at different drying conditions

T , "y By iR % fEELK Sy KA -
. . LIk 2 ER . 9 N e
) Regpy  PRBHC WERM po R RN JLIZ A
Shape Coefficient of . o s . . U Geometric
Test No. Scale parameter a/h parameter §  determination R squared error  Calculated moisture diffusion  Moisture effective diffusivity factor R
RMSE coefficient D,,/(10%m*s™?)  coefficient Doy/(10°-m*s™) i
1 1.864 1.296 0.999 5.13x10° 2.15 2.63 8.16
2 2.104 1.380 0.999 6.89x10° 1.90 2.34 8.14
3 2.580 1.299 0.996 1.80x107 1.55 1.46 10.62
4 3.635 1.300 0.996 1.97x107 1.10 1.17 9.42
5 2.143 1.297 0.996 1.93x107 1.87 1.89 9.83
6 2.187 1.601 0.997 1.71x107 1.83 2.92 6.26
7 2.605 1.537 0.992 3.16x107 1.54 1.78 8.62
8 2.803 1.713 0.996 2.32x107 1.42 1.79 7.98
2.3.2  KGF Y KA B FEMORAE, ATEE AR 50% T4, T KM

Weibull 734 & H0T DUAG S R oK 4 R £
Doy A2 &5k P T A2 K 704 1. A
[ R 1) Doy A Doy VS EE WAL 20Dy 7E 1.10x107°~
2.15x10° m%s, HAMCBUER o (AW, M4
SPWESE 50%0REF 30 min TS R Doy 7N T-1E E AR
WS 20% TR N Doy (RIS [R5 o X W] RS2 AN
YRR AR AR L T K IR MRS . AT T
Doyt 1.17x10°~2.92x10" m*/s YL FE P, “4ARXHEE 50%
TRHF 30 min I Do (R, U] TR it OR 4 — 5
I () A7 R T3 K o R E AR T AT )

2.4 %, SKLINEEFERY LS

RFETHREE FRISRAE o A KE RR FAREFED &
SRR 3 Fim. MIRHEE 50%(%4FF 30 min N, o i
s AR TR AR R I R N S A, AR T b

PR (01 P L AR AN I 1) F e i 5 S AR A 2 o
a IR

2K S B e TR AN BN 45 R B R BB,
I E A 20% TERSRAT T KRB, ] REAE A
RLES e BAAG T K 2 F 10 IR 8. B K&k
L2 BN EKHT KR, e AR 50% T4
RN, TRET SRR G, RIS KRR L. A
WUESE 50%PRHF 30 min T4 MF T 2R &, i
Bt

B UE U RE PR RE AR, EE TE A 20%
FARSAT FREFEN 1, HABTEEAE T REFES MLt .
FH& 3 AT, SAHESE 50% 45 90 min J5 48 b X i
¥ 20% T4t N ekt m, LLIEEHIHRE 20% 18
ZA RN T 43.0%, TATRHEEE 50% 445 30 min 548
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AR 20% T4 F N REFEID T 6.0%. [AIILHTHA
PR — 52 I A58 AR GG FE A R T 4 R A st ), PRI
ReXE.

3 FEFREUHTEE. SKkE. SENSSTHER

Table 3 Color value, rehydration ratio, energy consuming and
comprehensive score under different drying conditions

Wiores  Gufia  KFE ke EEa
Rehydration Comprehensive
Test number Red green . 1 Energy

ratio/(g-g™) score

1 36.6° 3.26 1.00° 0.67°

2 36.0° 3.75% 1.19° 0.52¢

3 33.5° 3.49% 1.33° 0.15

4 31.5° 3.24¢ 0.98" 0.28°

5 41.2° 3.82% 1.08¢ 0.82°

6 41.4° 3.81%® 0.94¢ 0.91°

7 35.1¢ 4.07° 1.04° 0.45¢

8 36.2° 3.40¢ 1.43° 0.25°

E: AFETE ay by ¢ RRARFTARIAR T 2257 B3 (P<0.05), fHEAHXE
¥ 20% T HEAEN 6.55 (kW-h)kg'.

Note: Different letters a, b, ¢ indicate significant difference (P<0.05) of difference
drying methods, energy consuming of constant 20% relative humidity drying
condition was 6.55 (kW-h) kg™

2.5 ARETFBEAREETNM

HH3E 3 %, AR S0%IR4F 30 min 5 48 Ay AH X
MSE 20%ZAF NEREVE . TR AL AT R
A DB PR T, B kR T R i 3 B
7o, YRR IR BN ERIR . HARUE 5 BEAR TR A B
FIRIE ZAF D AT AR BERE, A J TR TR],  SRAGHAF
7 it 3o

3 & it

1) TEEMSRE 20%~50% F~, TR LT G
B, HADO A T RO B A R A
FIT 40T 1], MRS 20% LEAHXHR R 50% 115
ZME T RN TR 4655 27.6%.

2) MrBERERI TR R, R T BRI
HARE G, BRARARRIG B AT AT 4650 T i i), 4R XA
XTUESE 50%PR%F 30 min JEAE K 20%, 458 [A] LE AR e AH
XURSE 20% 4% 465 T 18.5%:;

3) Weibull 43 B £ 0] AR G5 R 80 i e i
RN BRI TR FE . RESH o JUEIAE 1.864~
3.635h [, JERSH pELE 1.296~1.713 Z[f], &+
Weibull 43 #i 8 $0K 20 A 2% BOR /e 1.17x10° ~
2.92x10° m*/s 2 [

4) MEFAAE SKE. BERERI TR A HEA T 2R 5T
B, FRHISHEE 50% 4 5F 30 min 5451 Fara
fHig A 41.4, BEFEMH LU TR E AR 20%55 4 T Ik
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Effect of hot air relative humidity on drying characteristics of carrot slabs

Ju Haoyu!, Xiao Hongwei', Zheng Xia?, Guo Xiuliang?, Liu Yanhong,
Zhang Weipeng®, Yuan Jing!, Gao Zhenjiang™*
(1. College of Engineering, China Agricultural University, Beijing 100083, China;

2. College of Mechanical and Electric Engineering, Shihezi University, Shihezi 832000, China;
3. Zhejiang Keda Biotechnology Co. Ltd, Lishui 323700, China)

Abstract: Drying is one of the most common processing methods for fruits and vegetables. Enhancing drying rate and dried
products’ quality as well as energy efficiency is very tempting for drying industry. Recently, a lot of investigations have
illustrated that drying temperature, air velocity and sample’s thickness have a significant influence on drying process. High
drying temperature and velocity can extensively reduce drying time and enhance drying rate. However, few investigations take
into account hot air relative humidity (RH) as important drying parameter in drying process. Some literatures showed that
decreasing RH would lead to a steeper slope of moisture ratio decreasing. Whereas, some researches pointed out that there was
no effect of RH on the drying rate in specified range of RH. In general, high RH can contribute to a rapid increase of product
temperature. It is expected that with high RH pretreatment, the temperature and moisture tend to be equivalent and after that
the RH can be reduced to enhance drying rate. In this circumstance, the temperature and moisture gradient between sample and
drying air become consistent and the high efficient drying process could be achieved. Drying process refers to heat and mass
transfer efficiency, energy consuming and products quality. Theoretical models, semi-theoretical and empirical models are
widely used to describe drying process. However, those models neglect the fundamentals of the drying process and their
parameters have no physical meaning and do not help in the optimization. Recently, Weibull model was used to describe
drying process because of its applicability. Based on Weibull model, the relationship between scale parameters as well as
shape parameters and drying process could be developed. So in current work, carrot slabs were used to explore the drying
characteristics under the drying condition of constant RH and of decreasing RH step by step, together with constant drying
temperature and constant air velocity. Result showed that under the condition of constant RH, drying rate would rise up in the
initial drying period and then drop afterwards, additionally, drying rate was more rapid under lower RH. Drying time was
decreased when reducing RH, and drying time under 20% RH was reduced by 27.6% compared to that under 50% RH.
However, material’s temperature would be the highest under 50% RH drying condition. Besides, under the drying condition of
decreasing the RH step by step, when 50% RH was kept for 30 min and then was changed to 20% RH, the drying time was
saved by 18.5% compared to constant 20% RH drying condition. When 50% RH was kept for 30 min or more than 30 min,
there were 2 accelerating periods of drying rate. The material’s temperature would decrease as the RH decreased because of
moisture evaporation. Weibull model could fit the drying curves under different conditions accurately. The scale parameter
ranged from 1.864 to 3.635 and the shape parameter ranged from 1.296 to 1.713. So there was a lag period according to the
shape parameter value. Based on Weibull model, the moisture effective diffusivity calculated was in the range of
1.17x107°-2.92x10”° m%/s. Taking rehydration ratio, color value, drying time and energy consuming into account, 50% RH kept
for 30 min and then reduced to 20% RH was proposed as the favorable condition for drying carrot slabs. The present work
contributes to a better understanding of the effect of relative humidity on drying characteristics of carrot slabs, which is useful
for enhancing drying rate and dried products’ quality as well as energy efficiency.

Key words: humidity control; drying; models; carrot; Weibull model; moisture effective diffusivity
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