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Enhancing Efficiency of Sludge Solar Drying through Systematic Analysis
WU Wen-qing, MEI Xiao-jie, FANG Ning, GUO Ya-li
(Shanghai Investigation, Design & Research Institute Co. Ltd., Shanghai 200434, China)

Abstract: A theoretical analysis was conducted on the ideal evaporation capacity within the
greenhouse of a solar drying facility in the Jianghuai region based on specific engineering practices and
the principles of heat and mass conservation. The effects of key factors such as glass transmittance and
ventilation volume on drying performance were systematically evaluated, and targeted improvement
strategies to enhance the overall efficiency of the solar drying system were proposed. The annual average
ideal evaporation capacity of the greenhouse in this facility amounted to 52% of the designed capacity,
with an average relative thermal efficiency of 65% and an average absolute thermal efficiency of 36%.
The analysis indicated that solar drying technology exhibited distinct seasonal variations, with the ideal
evaporation capacity during winter accounting for approximately 10% of the annual total ideal
evaporation. The primary reason for the ideal evaporation capacity being lower than the design value was
attributed to several issues in the greenhouse system, including reduced glass transmittance, heat loss due
to external convection, and heat loss associated with exhaust ventilation. Among these factors, glass
transmittance and effective ventilation volume were the most influential. It is recommended to conduct
regular maintenance of the greenhouse to ensure optimal solar radiation transmittance, maintain the

intended effective ventilation volume, and achieve stable attainment of the designed evaporation capacity.
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Fig.1 Schematic diagram of greenhouse model

ARETIE T TSP IE E 32 1 LU itk AT
B AL T O AN 2 A 5T, 1l
AR SR B3 1) 28 % il % M A A B0 20 XUBIL
FIHERURAIL , EALRIEA A 28 0l BE o3 A 42 50 5 35K
Prizfy e, il T2 SOl B TR IR A T ik 15 °C
PRl e AR 80 2 A 2 i 2 M s BE AN A, B 23
AR A S TSR T @l T8 B AIRH
VR Je R PN FBE AR, B DAAE — SR BRI ) RUBE A
BB A RE G O e ORI R
SE AN X AL S A

BT LA AR A AU S, A B R R
Oy I B S 2 e T 38 8 0 AR = R P R ) A
i, FE TN A R A T K A R
WA B % RS A, (1) .

Q. =U +U,+U, (1)

A Q, i i BB R AR 2 I A K BH A A
AR, )5 U, 2 U R B T R R B, 05 U,
il 2 KM N K 78 Rz A B R 15 U iR &R
DS AN 2

BEREOR B R S, TR BBt A R Rt
] A2 A4, DAL I T 35 888 X A FH A A 9 1 2o 23R T i A
FARF, W(2) .

Tr = Tr,(1 = 0.93°7)(1 - 6/1 000) (2)

U2 0 R AP i, B A PR R4 5 B T ik 2k
Z AR e AR, HAAR T Hy 24 I T 28 4 B2 AT
B3 Ty A A1 5 O° I A B 3938 2o 4, 1 0. 71

25 oy A, BE AR S R B R A P Lt (3) .

« 25 .



%415 %21

vOE 2 K HE K

www. cnww1985. com

Q,=TrxEXxS, (3)
Ao £ ORBH BURHRR S AR J/m? s S, i E R
I o b AR, AR AR Ry 2x10° m
B2 AR d I35 1 kg T2 P& K28
i kgkgo FETYSEE, 23 P SR E A BN
RS RK 2R K
Q.(d,-d,)=m, (4)
KA em, KA ZE KR ke Q0 T A KA R
i, ke,
25 TR WO P AL 5 P 43, —3 T
238 SR Fa , — 53 7K 28 SRR Y
Mg, U (53
u=0,¢(T,-T,)+C,(dT,-d,T,)]
(5)
Kb C T2 508 R LA BT 006 J/ (kg
K);C, WK ZESE R S BT 860 J/(kg-K) 5 T
A S . DA B R AR in B o 43 5 R i =
M 1R 1T A4 AR N P BRESR
K537 A ) 34 L= (6) o

U,=0Q.L,(d, - d,)

AL, K ZERZE R TEA L2 501 k) /kg.

T 25 M P A 8 X A1 P T R R
SR, B R (7) = (8) o

Uy = kS (T, - T,)+ kS(T, - T,) (7)

Kk XA R SUZ B — 4 W/
(m*+K) ; ST T AR, B 3 000 m?,

U, =e0S,(T} - Ti)+eoS(T)-T,) (8)

R e R GIE 0. 8;0 N BARGE G H 5,
5. 67x10°%: T, g KA B 230 K.

SRy it — A5 SR i B AY 3B A A L B A
T2 ) A S B XURE T, 8 XU AN
#i i 800x10* m*/d ; @ = K MHE IR TR 0~20 °C,
HEAIRE R 50%~80%

M4t 2020 HE—2022 4F 1 H SFE B R EEFIR
PHAR ST BB 1o B S % 2 B IR
SR AR DGR, IR S5 I S iR R
IR U v 108 R A e B 1 A7 038, A DG IR 25
5% VAN ORIE T MBEIR L RKEWE T 5) .

(6)

F1 2020F—2022 FIRESEH
Tab.1 Environmental parameters from 2020 to 2022
2020 4F 2021 4F 20224F
Hby | PR | PR g | PR | PR g R SRR | PR i g/
JEI°C 1% (kJ-m>-d™") BE/C 1% (kJ-m™-d™") EIC 1% (kJ-m™-d™)
1A 53 73.9 6179 5.7 64.2 13 043 5.6 72.3 6362
2H 10.2 66.7 11327 11.4 68.6 12 205 5.9 67.4 8333
3H 14.4 64.1 11357 13.8 69.6 11 883 152 65.4 13 096
4 F 18.0 58.2 16 377 17.4 68.0 10 804 19.6 65.9 14 084
5H 26.4 54.4 16 646 23.8 66.9 13761 23.4 59.2 15610
6 H 28.5 71.2 11798 29.0 62.8 14 958 30.6 58.3 18 661
7H 26.8 84.1 8610 28.9 81.4 9076 31.8 65.6 13114
8 H 30.1 77.0 12 572 28.2 79.4 12 689 334 55.9 14 802
9H 25.0 70.5 15 473 27.1 72.3 18 122 27.8 44.7 17 748
10 H 18.2 71.6 13 012 19.7 70.9 14 390 19.4 57.2 16 571
11 H 13.5 69.6 12 941 13.5 63.1 15 154 16.2 63.5 12 123
124 5.4 65.4 11 156 8.4 59.1 13 990 5.4 55.1 12 595
A BB R AR BB DI RN TR 2R BRI TR A R

0~20 C(H KN 0.1°C) RN 409%~80% (4
KN 19) 19 55 4 H A T L B2 RN B2 405 F A 2%
Kk KR EAEA PR KR % R 5 B
R, AR IR ESL R, Z 4R
VESEAFFNTS VAR 5, SR8 Kk it — A A 2]
PRARZE & o AHXT TR IS e TR T T R 4¢

(YRR, Xk 2 MM HEAT T ek B A a8 A o5 LA
W FL A A Ol o ELAR TV < E T % KM 200 m
B EE B AR 1040, B4 101N R TR B AL s
I 5) A 7E B B LT 0. 2~4. 0 m RO B, IR IR S
A A A R BH 58 5 A2 J8% A5 LA M 00 6 S e B
FH esp32 B 7 LIS BOCECHE I i A 4G B H0K Bdl:

- 26 -



www. cnww 1985. com

FXJR,F AT RS FRK AT ERIFRL

%415 %21

(Tl = R EWN [ R T R TR eRE R € T e

AGME 2R

LI (P93

WL H
B2 fFRSAAESHIEER

Fig.2 Sensor placement and data transmission
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Fig.3 Average monthly ideal evaporation capacity during
2020-2022

HE RN R s 215 KA i A
K2 —, WNRI3ATIARI, 1 H .24 .7H .11

A 12 Az g s w1 28 12 5 =
A H O AHE , B 5 B BE Te TR R A 2 LIES TR
TR G O, 33 2 52 i ik 25 RS 12 17 I ek
BEfs . nLAEELLT 280 Rt — R ik & Z 5 e
FAb - — 5 A B AR, el P ; R
15 VA A7 Bt , B A7 4 F 5 e , UG [l V5 e A B A
15 e Ab B AE

TRURIRIE AT LA e v T R (H )i
FIKBERE MR L I F) 3. 11 kg/(kW-h) "™, Wi g T
AR S K BHRE T AR LK REFE Y 5~10 4%, i
TAERARE N 80 TC LA 1o 25 FE A FE il P 2, thv]
DIk TS VB A B, 4 4 2= b BN SR 15 U
R RS BRA GG IKERRIR
¥ 7,327 s A7 A AR X 5 /N AR 55 B 6
fith b B XS

Pl 4 X605 e K BH e T4k 3 40 LRV AR (i P8R
PRI RAGOLIHAT T 43 Br , ForboRE X #8038 g 28 K il
e AR 5 AR S K I 22 L 260 Ry
AR ITT A SRR Z L, R4,
A AR X TG 3R I A %o TR R b AR 7% R i e
FHIE], BAAROR Y2 A A3 5 A Y3 2% & &
— 3, ARV AN FARCR AT IR 65% , T A 4EF- 1
AN RLRAL N 36% . NIRRT | HLHH e Al
HEI R SHRCR BRI A R . Hord, i
I AR AR A SRR A G 5 TR R
14 O BH 6 S A i 22 L, HE AR 2 o RN 25 S FHIR
B I S5 AR E R R RS R E 2
G 32 I PR R A 2 U 2 R P A I 22 K Bk
e EAN

—m— FHXBCR
go |- R
—A— R ST
; —w X i R O
O T3k
s 60
= 50 |
§ 40 /./. 4\/f’
M gl
= 30
F 90
10 . e
0 v v Vv vV
14 38 sH  7A 98 1A
A

E4 SARNESHRIRKRER
Fig.4 Monthly thermal efficiency and heat loss
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capacity during typical days
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