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Abstract: In order to improve the drying efficiency of hard shell nuts, this work developed a new type of multi-unit drum-type catalytic
infrared drying equipment with a variable temperature, and adopted a combined drying technology of drum catalytic infrared with a variable
temperature and hot air. In this work, the walnut drying effect, energy consumption and kinetic process were studied. The results showed that
the catalytic infrared temperature, radiation distance, and rotating speed of the drum all had significant effects on the drying performance. After
22.50 min of infrared radiation pre-drying under the optimal radiation temperature of 300+400 °C, radiation distance of 30 cm and rotation
speed of 25+35+35 Hz, and then 14 h of hot air drying under the temperature of 43 °C and speed of 3 m/s, the total drying time was 14.38 h.
Compared with that of single hot air drying, the drying time was shortened by 28.10% and the energy consumption was saved 25.04%. The
dried walnut shell had no brown spots, the shell opening rate was 0%, the L value was 54.24, the a value was 10.61, the b value was 19.89 and
the color was bright red and yellow. In addition, the maximum drying rate (0.28 g/g-min) was significantly higher than that of the single hot air
drying (0.11 g/g-min). Correspondingly, the Henderson-Pabis model established can well predict the changes of water content and drying rate
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of walnut in the drying process and the fitting effect was good with R? of 0.99 and RMSE of 0.03. Therefore, the combined drying technology

of drum catalytic infrared with a variable temperature and hot air is a kind of new type drying method with high efficiency and energy saving,

suitable for drying nuts products.
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Fig.3 Moisture content reduction rates (a) and color values (b)
of samples under different catalytic infrared radiation
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Fig.4 Moisture content reduction rates (a) and color values (b)
of samples under different catalytic infrared radiation distances
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25+25+35 25.50 64~66 16.67+0.58 & & IS sEF ML
25+35+35 22.50 63~65 0.00

35+35+35 19.50 53~57 0.00

%5 AMTRARNTFEREHC, FTREEKE, AREMBAREEERE
Table 5 Drying times, dry base moisture contents, shell opening rates and energy consumptions per unit gram of two drying methods

T X LLYPTRF RN K/min - ARCTF AR K/ Tt K/m FRAEKE Y% T EE%
¥ PR TR 0 20+0.02 20+0.02 7.92+0.02 0
TIRIAH AL 14.38+0.02
429 KL AT 22.500.00 14+0.02 (198.10%) 7.7140.03 0
FHRFT X SIINFIRAEAE/(KI/kg) R T BALREAE/(K)/kg) AR REEHE/ (kI /kg) K Aee/(kI/kg)
P — P T 0 0 2508.39+0.56 2508.39+0.56
TRIEE AL 1880.27+0.49
PR Gy 120.84+0.00 3.56+0.23 1755.87+0.26 (125.04%)

24 Fg R G R I A

1E iR A AR IR R A 2L A h- A B A T 05
TEFM TS R —HX T ERACR AT AL, it
IEE R ILE 6 FIZk 5,

1] 6a F1 b 1] WL, B AL AR A& TR e — i

P J8 ask B8 w35 2 T R A B BRI T T R P B
(0~0.38 h F10~1.00 h) FIPEHE B (0.38~14.38
h AT 1.00~20.00 h), B3R BRI, X 55K
WAL TR 2 AR 2S5 10— 80 kT e
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IR AR B P PIERT SO TRt & Bk
B B LG 58 — B i BN 28 B B, X S5 ACI
AR TEMRTE R IIVILA S KEM B, %8k
JERH S KR IERG T EmT [ ) R 261 R R, X2
TSI FEI SR — AN B, HH A e AL B BRI
BB, X RN IEIX — TR B WIS KR
(R AT 7E Rl NS K, RUTE R BOIm A AL
LLAMT- 1A B AT AR SR R, SRR A
RO FERBIK Sy, BT, s TR a], i
Bl 6b MIgEFAIESL, AR IR AL -T2
— B BB T3 R 0.28 g/(g-min) 5 5 T8 —
PR KT 200,11 g/(g'min)]o ZETHPIERIF
o N Ry, R R O =1 i N 11 0 i o e
AR INIREMA R, AT DAR A M R AT 70 Ak
ZLAMIT R SIS S TR R M R A . BEAE T8
(ARSI, TR0 T o PR B
BRI 2 R e — R RS IR R, %
R B AR AR IE Mk D e, K PR s A% Bk
3k PR AR = T, BRI — B BER PRI
MRS R SE T, ARk 5 3R PR Bk e
POPAT, I 6b RILCA TERLH 0 5 T e )
TR IR, PR ARG R S AR (b
ZLA M TR PR T RIR A TR I A2 TE AR 1
LT PIERE FAZ R TR tB3RGE 1 24 T k4T 51 )
PR ST CORKIER, ATRET ISR, 7T
D& Y BRETRIEE . 28 LATA, AWFFEfS AR IR
AL LA A TR E T — T8, "TRARR
o TR R AN TN I o S S SR B
FEAZB I T A R ARRLI 2518, TERUR, B
SRR BT = 30, SR A
AR ek (138 min), 1% SCHRIE -4t A b
AW FRAERER R 20% (db.) WA Ferk T s
TKEEN 8%, M AHE T 1) k% Bk i 46 & K F R
(40%~55%), WTJEem [AHC — 2L,

TR AT R 5 ORI, PR SR
M TR EEKRNT 8%, BRI RAEFF
FORMEASILG, P2 b R o B — AT B
KN 20 h, AR IR T AL LT M- FAKUBE A TR s i
N 1438 h, HE—HRFHEALL, B TRAr 5
W45 T 28.10%.

2 PR [FFa FE T REAE LR S, AR IRIR A fHE A 4
Ah-FR TR REFE S ZLANTIREERE. R FEHLAE
FERBURTRBERE =565 (1) REIRB IR SITH
FERN 0.47 kg, MEALAAMEHAE 1 kg WAL= 2ERE
0N 45208.80 kI, TERAH BRI EN 174 kg, )
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AR ANBERE N : (0.47 kgx45208.80 ki/kg) /174
kg=120.84 kJ/kg; (2) i IR IR AT FENLELFE R 0.17
kW-h, TRRABEAZBT R 174 kg, WA EIR
A FEMLAEREN: (0.17 kW-hx3600) /174 kg=3.56 kl/kg:
(3) AT HIRTEEHFE Y 3.02kW-h, T4
WP BT E A 6.2 kg, W HAALJTT & HUXEEFE N : (3.02
kKW-hx3600) /6.2 kg=1755.87 kl/kg; Fo—H T4
AAERITIREERE: IR PAF I T R EFE N 4.32
kW-h, FRRAGHEAZBR TR 6.2 kg, JUIFAAL)HT & HA
HAEFEA: (4.32kW-hx3600) /6.2 kg=2 508.39 kl/kg.
SRR AT AT, 22.50 min BT AL AN 45
AERATHAE T 120.84 kI/kg HIRERE, KOKFHK 7 8A
TR FERIRERE, 5 —HUXTRAALTZ) T 25.04%
PIREFE. X2 BRINERE TR AR AL 2L A i
TURAL IR P B 1 PRI TR BN TR, O&
EH P 6a AT b 1IESE o H G4 HHZE CREE ™ S it 5 AR T T~
AR AL LLAP- XU & TR 0T R EL B — AT
BREE AL, BI4f 7B, W4T RE
Atungulu 2PV ERF FE R B AL 2T /15 T 45 AL
ZLANACEE AT DL B I TR

a 60r ~ RIRER F LSRR A TR
sl ~ B — AT f

c

2 40t

@ 30

&

w20+
10 +
0 1 1 | 1 1 | 1 .
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FHS[E] / h

b 60 —a AR RV AL LT AP XUBE & T4
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Fig.6 Drying curves (a) and drying rate curves (b) of walnut of

two drying methods
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Table 6 Related parameters of different drying models

Henderson-Pabis Page Wang and Singh
a kR RMSE kN R® RMSE a b R>  RMSE
090 0.1 099 003 026 0.69 099 0.06 0.004 -0.10 099 0.06
a 041 a 04r - Sl
ook . y=-0.1089x-0.1892 ool - - BE
' R=0.99 or “a, RMSE=0.03
]
_ 04r _ -04f “euy,
] & L
S 08} S o
= 0.8 T 08| =,
12} e,
-12+F '--.
-16F "t
-lef Seny
_2.0 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 ]
2 0 2 4 6 8 10 12 14 16 2 0 2 4 6 8 10 12 14 16
t/h t/h
b Ho b 12 g
0.5 06 -ﬁ/ﬂlﬂﬁ
/ RMSE=0.06 /
1 1 1 1 1 1 ] . 0.0 L o
= 15 -1.0 -0.5 0[0 5420 25 3.0 = ..,.:__..-r""
3 0.5 S 06 IR,
o = e " ="
F Lok y=-0.6866x-1.338 T .12l s ="
R*=0.99 e . "
/.xf - 18} -
2.0 2.4 h I I I I I I I |
215 <10 05 00 05 1.0 15 20 25 3.0
In(z / h) In(z/ h)
12+ c l2r o 52
¢ =0.0037x2-0.0985x+0.8753 . %}gﬂ%
10F = R*=0.99 L.op = RMSE=0.06
0.8 0.8} e
& & “ta.
S o6f 5 06p Telma.
0.4t 0.4 Teelltea,
02} [T 02+ .'OoESII--..n
0.0 1 1 1 1 1 1 1 1 ] 0'0 1 1 1 1 1 1 1 1 ]
2 0 2 4 6 8 10 12 14 16 2 0 2 4 6 8 10 12 14 16
t/h t/h

B 7 TEHEEIAT Ln (MR - ¢ BiZk (a) \Ln[-Ln (MR 1-Lnt #h&k(b)
MR-t Bz (o)
Fig.7 Curves of Ln(MR)-t (a), Ln[-Ln(MR)]-Lnt (b), and MR-t
(c) of different drying models

FE AN AR il PR TR AL L A - 30 XU & T 1R 2 A1
N, B EIE K e MR, RRYERR 1 R
77 FE22411% Ln(MR)-t« Ln[-Ln(MR)]-Lnz 1 MR-t #i4%,
IREE R I 7.

RAEHIZIE 7 rEdEgsia£ 1 A aitE
Page. Henderson-Pabis 11 Wang and Singh 5% [{] 45 &
SR, FFRATHIR R RIGIE RS, T R R RMSE
BRI R OIS FERE, ARG IE AR R AR 5SS 4
SR 8 FIFK 6.

8 TEMEEIR7K S EE SEMME S FURME RIS 1
Fig.8 Correlation between measured values of water ratio and
predicted values of different drying models

M3 6 HRIAHRSHT LA, =R R Tk
(AR TR VR T AL LT - HORIE A TR AR S R ML R 38
BRI 099 VLE, MEEMRR. K8 BmKath MR
RIS BN T (E B IR e — S, =M gAY
(¥ RMSE {8414 0.03+ 0.06 Fi1 0.06, _EiRk&:FILH
KRR AL - RS T REEER S
Henderson-Pabis 154, 124584 AT DUR G-t i AZ Bk 7E
AR TR VR 18 HE AL 2L Ah- 20 XU & TR 2 o () B 7K A
S TARH A, X GG EPI B Fe SRl 1E
SAAEHA T, Henderson-Pabis #5780 X HA-g Y
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BRI, R ¥AT 0.98. PR
PP (1) 7 X A% 1 18 3 71 2 EAT BIF LR B K
B, Henderson-Pabis M B A BAFHIILETE, R AT
0.82, AT LMR T Hb FIIAZ A AE #0721 B 7K
HPL R IEE R AR

3 g

ASCOHTHR T — G HT R 2 G AR A AR
MEALLLAM TR, B8R T AL IMESHRE . BEES
T T A TR R 1R . B R R AR
AT LT MR SR B iy, B BRI, IR IR
AR, BiKSEE, (HXRE . BRI, il
HHERS, Ak TREEER R, SRRz
7o, FUMPE S TEME R B AN A
300+400 C. fEATFEE 30 em. BEFHEA S
25+35+35 Hz, ALFRA(A] 22.50 min FEAL L AMFT1E
Brig, Wiz 13.04%M5MER Ky, SRIEAREAE
PR 43 C. JRGHE 3 m/s 2614 FAXCT 45 14 h %
PET2EEKEN 8%, THAEMLA TR 14.38 h,
HERE—HNXTHE (20 h) ML, BE T AR K0
BT 28.10%, HATAT 25.04%F A IAFARERE, T
IR TP, TFREN 0%, BEiEls L N
5424, a 791061, b} 19.89, BEFEMLLHE M, T
P 2R ARUE SE T AR IR R R A A LT AT AR A 2
EPEE T TR, ROKTEREZ[0.28 g/(g min)] 2
i TR MR THEEZ[0.11 g/(g'min)]. H
AR S EGMHRR TR, BREE L Ih-
ORI A T8 — P B IR B T4 g Y
BRI

Tl ) 2 AR A TR AR IR VR F AL AT A - 34
KBS T4 #2454 Henderson-Pabis B!, R* N
0.99, RMSE 2~ 0.03, ZMAHUE R R, 1l LMRES
M TRIAZARAE 12Tt R R 1 /KR DL T 2R
A, TR R TR T RS T ER .
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