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Table 1 The benefit of all kind of energies
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Fig. 1. Hybrid dryer (A: diagram; B: practical operating situation)
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Fig. 2. The firebox of gas energy
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Fig. 3. The flow rate controller of gas
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Fig. 4. The distributions of temperature measurement in the dryer box. (A: The thermal couple installed in
the dryer. B: The thermal couple installed the on first, sixth and tenth tray. C: The diagram of the
thermal couple installed on the first, sixth and tenth tray. D: The thermal couple installed on the
third, fifth and eighth tray. E: The diagram of the thermal couple installed on the third, fifth and
eighth tray. F: Measure the temperature above 4 cm the tray.)
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o ———— [ - Tt (EB  KEW 6305)
B - R[EECERES (AL5% : BTM-4208SD) Fig. 6. Power meter (model : KEW 6305)
Fig. 5. Temperature recorder (model: BTM-4208SD)
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Fig. 8. Fan controller
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Fig. 9. Air flow meter (model:
BIC  B5FE (255 : JB-60) AM-4206M)
Fig. 7. Scale (model : JB-60)
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Table 2 The temperature and hours for light roasting

. JE (C) 80 85 90 95
BRHAE

i (hr) 4 4 3 1

wERIE  ORE (C) 80 85 90 95

BERE ke (hr) 4 4 2 1

R= - HEHUERE B RS

Table 3 The temperature and hours for heavy roasting

. omE (C) 100 105 110 115 120
RS

RS (hr) 4 4 4 4 4

HEER  CRE (C) 100 105 110 115 120

MRS FEfE (hr) 4 4 4 4 4
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Fig. 10. Compared with the average temperature of the electric dryer and hybrid dryer
worked 3 hours
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Fig. 11. Compared with the average temperature of the electric dryer and hybrid dryer
worked 40 minutes
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Fig. 12. Underdamped response diagram

(—) TeF+aEfE (Rise time » T,.)
HEFETE VIR Co TERIRCEIRE Crina HY 10% JIEF] 90% FRFFZERVHFHE - 2
SO R R IS R RE - T, Fr R A S A R s e -
Crin FyescERE 90C » Co Rl 30C -
10% HEFEE 30 4+ 0.1(90 — 30) = 36°C o
90% HIEFE R 30 4 0.9(90 — 30) = 84°C -

R~ EFHEE T A28
Table 4 The parameter of the rise time (T;.).
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EARE A RSN 36°C FH7] 84°C MINEHHERTR T, = 20 — 2 = 18 min
EEEFHF RSN 36°C FH7] 84°C MINEHHFR S T, = 14 —1 = 13 min
PRI E HE S BV SR T R R L R R > FataT R SRS SR S BRI
HUEE AR Ry B IEL - (B E & EVRLRE A LTS ME R EAEE - BT AT RAVE bR
?‘L;,E o
(Z)fEEHFRE (Settling time » Ty)
BERETEWIIRIRRE Co TEREEIREE Crina 95% M1 105% [EIREZZFTRERVEGME - [t2
HTER BT R E RS E P iR AV T MR A AR E P RR AV I e A
95% (YR B 30 4+ 0.95(90 — 30) = 87°C -
105% (38 A 30 4+ 1.05(90 — 30) = 93°C -

xR RERME T, IRSH
Table 5 The parameter of the settling time Ts.
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FTAGiRefE (min) FrafiReE (min)
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GRS 18 g

EEHUE S SRR R 8T CIRBEN TR E - HRZHTERE 93C (&
1) > SR EET R BN EE G RV MR TR B2 87 CHTRRHH -
HETEFRETTE] 87°C AYRRENFE Ty = 30 min -
EEFFHHRRETTE] 87°C AYRRERE Ty = 18 min -

AP HE EENREZE T AR R - AR R R SOE (H LR IR RIS - £
HITERERAT -

= [HESEEIE SRR A R R ST R E LR A
(—) FEEE BB SR AR R LT
BHEEE SRR RCE 90°C - EIE 3 fEV/INEf - FEERE W R HMEIE =
ERNFR o BEHUEIEAE 6.63 ERVER - MESTVRNMENME 3.73 ERVEEM 0.53
ONTHYECHT - PLEREE R - HAENRIHETE 43.76% HUEZE -
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Fig. 13. Comparison between with the electricity of the electric dryer and hybrid dryer

worked 3 hours

TN~ BHUREE SRR 3 /N EFEIVE R B LTS
Table 6 The consumption of electricity and gas of the electric dryer and hybrid dryer

worked 3 hours

HERS RETH MR
B = e
FUHr AN
G| 373 %
EEEVRHGE
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Table 7 The cumulative electricity bill
5 H B REE B H2H (o) JEEH (o)
120 LI 1.63 1.63
121-330 & 2.38 2.10
331-500 & 3.52 2.89
501 -700 & 4.61 3.79
701 -1000 & 5.42 4.42
1001 FELLE 6.13 4.83
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E H 1,000 fEAYEE :
120 X 1.63 + (330 — 120) X 2.38 + (500 — 330) X 3.52 + (700 — 500) X 4.61 +
(1,000 — 700) x 5.42 = 3,841.85T
JEE H 1,000 EHYEE :
120 x 2.1 + (330 — 120) x 2.68 + (500 — 330) x 3.61 + (700 — 500) x 4.48 +
(1,000 — 700) x 5.03 = 3,211.95T

KRERBAEREZNEEERGY  GAEERSEZELE T HEEERD
1,001 FELL > SRS EEEE L 6.13 TrEtE o SEMFEIRIE 3 /N JHHEEE R
6.63 [ » TEE 556.63 X 6.13 = 40.6 T

2. WEBIRHHHRE RS R RZE T
ORI AETR BRI A1 2016 - 20 2 freAfae SOy~ (s Ky 644 7T
WP 1 AFTHYEETRACE 32.2 JT - BUEGEURHIEERE 3 /NiF > JHFEELATE
By 0.53 N7 FMrE A 053 x322=1717C JHfEERR 3.73 & WEES
3.73 % 6.13 = 22.9 T - FLMF& BT Atk 17.1+22.9=40 T

3. FEMLREEIE SEVIRHAE A FIRE R A R Rz A bR
H EHEATETE - RFBERREE R/ I DIE BB SR & BRI RE
IR (R LTS SN EHE S RVRHMERRE IR E 2 R AR (HEE & F
IRHGERCY T 4 pVEE (BE) -

R\ - BEELIENLERLLS] GEE 3 /)
Table 8 The proportion of the electricity bill and the gas bill (3 hours)

BERE RETR HFER THOD) GECT)  EELLH

E 6.63 & 40.6
B 40.6 100%
FLr 0T 0
BEEBER A 373 E 22.9
40.0 57.25%
LR FHr 083 AT 17.1

S W% () = WR(E) X 6.13

FLrE:(5T) = e (A T) X 32.2

4ExE = BE + FLITE

- _ mm

BEP = arm

O BRI PR SR BUR N & R AR B FLET > RIARR ~ Sl E A0t o] s
WAERETR (B — A /E) o HPREERY ELITEAEE v DUKE M 2R R AR SR, ~ LM EL S0
JHEER > LEECA[EIAEE R E AV S -
EERRHFEEIE 3 NP ELETPAREREE (T48) = 0.53(kg) X 50,232 (kJ/kg) =
26,623 kJ -



204

ZETENIIURER 5538 1 (2019)

FLHTRRBRRE AR B R AN SRIRISERE 2 SRR -

RINRAVEREENL By 54,000 kI/kg - i ELATHA R R 8RB FE 26,623(kJ)/ 54,000
(kJ/kg) = 0.49kg

TEFe— 1 HIR IR RATR B R W2 £y 3,163 (KI/TT) » B LT R R AR, 26,623
(KJ) / 3163(KJ/5T)=8.4 7T -

FLETRN SR RE A R RS R 2 B e A
BESHEIPAE ALY 1 44,800 kI/Kg » 7 FLRTH B R SE A 26,623(kJ)/ 44,800 (ki/kg)
= 0.59kg

RER— 1RSSR %% s 1,865 (KITT) » U ELATHAR RS 26,623(kJ) /
1,865 (kJ/57)=14.3 It

FUTIRBRAE I LR U RIS RE 2 B PAd

FUHIEVIRGERNN By 47,300 ki/kg - & LB R U F#E 26,623(kJ)/ 47,300 (ki/kg)
= 0.56kg

TER—GRIMAIPRBREEA AR B 1,529 (KIT) » S ELHHA R RO 26,623(kJ) /
1,529 (KJ/5T)=17.4 T °

T HEERAR - SEMBETH AN E S BE 2 SO i (GEIE 3 /NEF)
Table 9 The cost assessment of the natural gas, diesel oil and the gasoline used in
hybrid dryer (3 hours)

HERE REJR HFEE BEIRER (Ou) 48 Ov)  EELH

\ . =B 373 % 22.9
RINFMEAE 313 73.16%
KIARR 049 AT 8.4
5 3.73 1 22.9
SRR - 37.2 61.56%
S 059 AT 14.3
o S 3.73 1 22.9
alii)es e — 40.3 56.82%
YEOH 0.56 A\ T 17.4

WEH = |E + BERE

_ En
UL =

RS LLEE] > FIFRARIE R E2ZEGE - AIREIRE SN (K - et
FEHIREIREE 40.6 JT - RARNAMAEHVRENE /v 313 JT° & T 23% - HRAR
HYHEARRER - AREFIREMPER » SEZEL AR T RT - RARHEE
IIFRRRERIRIAARE (ERETR « HACKEAVPARERE TEERAE () Eﬁﬁ (D EH)
SRS (FREFZEERK) - AT EEE AT RS - R e - EIRRR TR
F5ERE > FLHTERTIAS - SR B HORE T -
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(Z)BEER S T

BN AR E  EEEEAGENRCE s 100% - & EVRHEAEIIEEERR T 8EAE
WEHALISN > B A FLET NG R L A RS EAEE - B FLETRBE TRV B M > FI B A Es
A FLHT PR BBE BRI > MBI S BE T B R BV RS0 -
SHREG BRIV AEIARCE - s B S B I ERCRAVZERT -

B4 1 EE =1kW-h=1kJ-h=3,600 k] - J4#E 1 FEEE S 3,600 k) (T-£) HIZEL
BE o AL ELHTAIAEE RN Ry 50,232 ki/kg » JEFE 1 ATAVELHTE EA 50,232 kI AYELEE -
TR - EIE 3 /NI BN LT A NV BBE BB WIR 1 - B

st e s e B s At AR AR AR = =5
PRI EIRACR = — e = 39.2% » [ EEE 2016 LEEEAE(HE

FIF RS EERCR Ry 39.85% (f—) ~ EEHBFBELCRER; 0.65% - @ EFFRCRATEL
PR E AR -

Tt~ EEEATREEAVAERLELST GEIE 3 /)
Table 10 The proportion of the electricity energy and the gas energy. (3 hours)

HEFE BEJH THREE e (TH) HEENEE (TH) ENRE M AMFERCR
% 6.63 & 23,868 100%
EHLFS 23,868
FLHr 0T 0 -
HEER & 373 fF 13,428 00 100%
40,051
S5 FHEF 053 0T 26,623 39.2%

E A (TE) = EE(E) x 3,600
FLHrEA (TER) = EUrE (A7) % 50,232
GaEhgE (T68) = SEEN + FLHTEY

A AR AL e A BB S TR A _
N A B AL - A ERHE 23,868—13,428
T s R = DT WA

G EFIREEEREE 26,623

=0.392 = 39.2%

FofE i LTRSS R - HATA WRECE © REECHARS RIVAGEE Y NE 7 SRR AL
R > ATDAR D ELHTBGR AR > fRE BR8] 11Y) » S9SN HI AR 2 (R
B S0CRIfaTIM - HURREAEHY FLHTABERE ACHEI A - IR L T BE 2L
(494 90C) e ATRas (M - B THRFTFRAV TR (B11) °
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Fig. 14. The diagram of the improved hybrid dryer
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Fig. 15. Add the insulated cotton on the firebox
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GEUR BRI EA RN - WA N E Rk o HRERREERR - BT AEEMS 25 20
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Table 11 Sensory evaluation of two treatments for light roasting

SERE(C) 80 80 85 85 90 90
EAsis] B (hr) 2 2 2 2 2 1
A W H R A T O 2 H
o SERE(C) 80 80 85 85 90 95
EEER
- HERS (hr) 2 2 2 2 2 1
BEFE —— - : - : \ -
A SR T Dl T i it et

ik © SR ATk FIORE TS EAIROK -

R+ HEHUE Z FVE ShaPAE R

Table 12 Sensory evaluation of two treatments for heavy roasting

HIE (C) 100 105 110 115 120
RS (hr) 4 4 4 4 4
LS K ~ fif
T - - D N - (- . KIEREA
AT . L. M ERREE KRR -EE L
s D S £ I " B Hil
i~ PR
RIE (C) 100 105 110 115 120
\ RS (hr) 4 4 4 4 4
EEER -,
w0 DR s s .
DA RS - 034 < R 1 A1 107 A N =4
~ IRk
4T
&

EENEEAZENMAVES, > FipEERECH - AROBRETGHEIRERNE - LIS
HYFE R RS > 80 THYHGESZE 8,000 FL - AGBRaE & oA 12 HI B FLE BV B AYIEES - PSR
GEVRHLE - BOIREIRERE R ITE - B 43%HIHEE - BN RI AR R B D iE E
RFfH] o FEER GRS - I EEVRERME 3 /NRFEEPR-URUD 0.6 JTHYREIRE: (RERE+FLHTRE)  (H
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(Ffﬂfl:—) BREREIREC B2 2 ol

- EREEERERTR S AT
1 B8 EAryEE 3,600k) - X1 EENEE R 6.13 I
1 JTAYEZ A LLE: 3,600/6.13 = 587 kJ fYZLE

v RIRREENEER R 0T ¢

KAR BRI EAA B 54,000 kIKg 1 T7 AN RBIRIRGEE By 12.24 T0 B &4 k5 0.717kg/m? -
(2017/07/02)

L AT RZANAE By 12.24/0.717=17.07 7T

1 JTHYRARGEE A DLUE 4 54,000/17.07 = 3,163 kJ Yz E

v FLHTE AR RS T

WAL FLET AR ERAY Fs 50,232 kI/kg » 1 TRV ELETE By 32.2 JT © (2016 SEHY 2] F19(H)
1 JCHYFEFE AT DL 4 50,232/32.2 = 1,560 kJ [Z &

s UHEEEER R AT

FROHATERBEERGY By 47,300 kilkg > 1 ATFHHY 92 750 E: s 22.8 JT > 5 [E4T %y 0.737kg/l
(2017/07/03)

e 1 N TS ES By 22.8/0.737=30.94 7T

1 JTHYASHE AT LAZE 4 47,300/30.94 = 1,529 kJ HyEL
L A BE R R AT -

BESH IR ENAY By 44,800 ki/kg 1 AFFHYSEES B 20.3 IT > BEFE4Y 5 0.845Kkg/l (2017/07/03)
M1 N RS E By 20.3/0.845=24.02 JT

1 TS hER T DLE 4 44,800/24.02 = 1,865 kJ Ay E

HEWI
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The Research of the Thermal Efficiency of the
Hybrid Dryer

Wei-Yang Hwang'  Tien-Lin Liu*™  Chia-Chang Wu? Jin-Chih Lin*
Summary

The hybrid dryer was designed in the research to save the electric energy, which fire the gas to be
the major heat and control the temperature by the electric energy. We compare with the electric and the
gas consumption of the electric dryer and the hybrid dryer. The temperature of the dryer is 90°C and
worked 3 hours. Record the temperature of the 24 position in the dryer 3 times. The results show that the
electric power consumption of the electric dryer is 6.67 kWh, the rise time (T.) is 18 min, and the settling
time (T,) is 30 min. The electric power consumption of the hybrid dryer is 3.729 kWh, the gas power
consumption is 0.533 kg, the rise time (7;.) is 13 min, and the settling time (T) is 18 min. The hybrid
dryer’s performance of warming up and stability is better than those of electric dryer. By the electric
power consumption analysis, the hybrid dryer can save 44% electric power consumption. By the
cost-effectiveness analysis, the hybrid dryer may save 0.6 NT dollars (electricity bill and the gas bill for
working three hours). In Taiwan, the electric power consumption is increasing, but the power plants are
not constructed in recent years. In the future, the energy shortage crisis will happen, hybrid dryer might
save the electric power consumption and solve the energy shortage crisis for tea farmers.
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