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This project uses the finite element method to establish a porous
desiccant wheel model for analyzing the interaction between process and
regeneration air flow when they pass through the desiccant wheel.
Moreover, this model could analyze bearing load characteristics of the
desiccant wheel as well. In order to extend the functional properties of
environmental desiccant wheel and make it become the cornerstone of the
design and development of functional plating materials which satisfies the
needs of various industries in the future, we conduct the test of the
adsorption characteristics of volatile organic compounds. The
mathematical model is established by modified Navier-Stokes equation
and energy conservation equation. In the heat pump low-temperature
dehumidification system, we use it to analyze temperature and pressure
distribution of the desiccant wheel which is under the nine flow rate
conditions and three different pore diameters. Furthermore, we integrate
the desiccant wheel, bearing and surrounding sealing elements to analyze
the stress distribution of the desiccant wheel when it is under different load
conditions. At the same time, this project conducts the adsorption tests of
the desiccant wheel through four concentrations of volatile organic
compounds to obtain the operation parameters of adsorption kinetics and
breakthrough curves. Finally, the experimental data is used to analyze the
Yoon-Nelson model of the adsorption characteristics of the porous

desiccant wheels.
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4~ R Sl

Alumina Air
Density[kg/m?] 3991 1.1614 (293.15 K, | atm)
Viscousity[kg/(m - s)] N/A 0.028
Heat capacity[]/ (kg - K)] 755 1007
Heat conductivity{W/(m - K)] 31.5 0.0263
Porosity 0.875 N/A
Permeability[m?] 3.02E-7 N/A
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F 5~ Bt F AR PR

Mesh name DOF v, m/s V’%I_V’ x 100% T, °C T’“TI_ D 100%

M1 380577 7.6046 15.716 36.78 5.514
M2 746282 8.7997 10.532 34.752 2.898
M3 1121255 9.7265 1.510 33.745 1.639
M4 1548441 9.8734 0.454 33.192 0.121
M5 1977269 9.9182 0.117 33.152 0.072
M6 2325970 9.9298 0.098 33.128 0.048
M7 2784147 9.9395 N/A 33.112 N/A

34




()~ FingFskd

R

3]

AL RICE A BRF e R 4§ g S R

\\\

r T

R

S FREEFEAE S UERRT o A6 ikl T g ik

ETIRS

Moo 5T EMEEFL I > # % TESTO 410-2 % 7 a0 5 £ B

b
(=i

—‘::\J. B J#,bﬁ)\r'b% Lhrvm& /_W_}i J:_BE._'&‘T'],%] 8

T
iy
=y
i

Bood 6537k EET R P Aund 2R R & H0A 1
PR fided TR A 8 T R a2 AL 10% o R

B2 L P 15% o

35



C(245,95,73) \ ® |\ g ,

BwESRAO
B : 1 atm
JAfE : 25.4 °C

b4

) X
(24 \ N7
AN N J
7\ RS
‘ ~ N\
y \ P R
N\ 1 \
‘\'}'\'L

>N

lox o B (382,-270, -98)

B8~ b i &F

HERKREO
RE 10m/s

e A(798,286,93)

N
D (564,270, -121)

X
0 (0, 0, 0)

B

/i‘%‘

BERRAO
B 1 atm
& 70 °C

BEmAEO
BHRE 7 m/s

B9~ 5% % 3T & B
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BAF om o hoiE EAFomdv b WA F om0 IR LA Fmr v R
vp (m/s) vr (m/s) vp (°C) vr (°C)
ERh 10 7 254 70
- e 1.3 2.3 30.4 40
e 15 3.2 30.3 50
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27 B faspl R E2 b RIL R

[l B2 R R (°C) #iE f2(°C) A

- WA s omdi o 35.2 33.112 5.93%
A Foadr 413 40.85 1.09%

- g mdv 32.1 34.67 8.01%
EREN By 33.0 32.72 0.85%
$z BigFmdc 33.1 34.38 3.87%
FACN By 36.6 37.42 2.24%
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%8 EEEa R Bl B AFEL R

% #IE & & (m/s) # E f2(m/s) L

- /i 8 8.5618 7.02%
EAFin 5 5.4179 8.36%
- = /i 2.7 2.35 12.96%
2 A g 33 3.13 5.15%

¥z e A F 34 3.32 2.35%
e I 4.2 3.74 10.95%
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9~ niE gt
BALf i, (mfs) | R A F R v (m/s)
case 1 75 05
case 2 5 ;
case 3 7.5 55
case 4 10 )
case 5 12.5 105
case 6 15 3
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150

140

TOLUENE-NITROGEN SYSTEM

1.50 atm pressure
Enthalpy datum :

8 8 R
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83888 §g8EEEEEE S8

e

™~
60

\:i\

130

120

110

0.0°C, 0.00893 atm
0.0°C, 1.00 atm

liquid toluene
dry nitrogen

To obtain true enthalpy add enthalpy

deviation to enthalpy at saturation
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Bl 10 ~ /R & BI[34]
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case 3
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case 1

case 2
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Velocity, v (m/s)

30
1 eeaaa Vp =2.5m/s, vr = 0.5 m/s
28 —
E [ — vp:5mls,vr:3mls
26 —
- — - — Vp=T7.5mls, vp=55mis
24 vp =10 m/s, vr = 8 m/s
22 +—+—+Vp = 125 m/s, vy = 10.5 ms
20 A—a—aAVp=15m/s, vr =13 m/s
18 —
16 —
14_\_%
12 —
10 —
8__ - - —
6 — - -— — _ _ —_
a4 T = — _ _ _ -
-
0 T l T l--:--l—--l--_l---l- I T
-50 0 50 100 150 200 250
X (mm)
@U‘mPH%%%ﬂﬁiﬁﬁﬁﬁﬁ
70
[ I Vp = 25m/s,vp=05m/s
85 — — vp=5mis,vy=3mis
1- = vp=75mis, vy=55mis
60 — P
i vp=10 m/s, vy = 8 m/s
55 - +—+—+Vp=12.5m/s, vy =10.5m/s
e 1 a—a—avp=15m/s, vy =13 m/s
~ 50—
E— -
2 45
i
5 i
g 40
|2 -
35 -
30 -
25 =3
20 T I T I ) I 1 I T I T

-50 0 50 100 150 200 250

X (mm)
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Velocity, v (m/s)

4 e vp=2.5m/s, vp=0.5mis
16 — — — vp=3dmis,vy=3mis
T - = vp=7.5 m/s, vp = 5.5 m/fs
14 —
i vp=10m/s,vr=8mls
12 4 +—+—+Vp = 12.5m/s, vp = 10.5 m/s
E A—va:15m/s,vr:13m/s
10 —
8_
6_
4 ==
2 -0 T == -
- -~ S— — — -_ - --—
P P
'2 1 | 1 | 1 I 1 I 1 I 1
-50 0 50 100 150 200 250
X (mm)

I

119~ 10 PPI % B & 2 f ififie & 6

75

+
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Temperature, T (°C)

_____ Vp =2.5m/s, vp =0.5 m/s
60 — — —Vvp=5ms, vy =3mis
— - —Vp=T7.5mis,vp=55mis

vp = 10 mis, vp =8 mis

+—+—+Vp = 12.6 m/s, vy =10.5 m/s

A—a—a Vp = 15 mfs, vp =13 m/s

55 T I T I ) I 1 I T I T
-50 0 50 100 150 200 250

X (mm)
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16

Velocity, v (m/s)
|

_____ Vp =2.5m/s, v = 0.5 mis

— — vp:5m/s,vr=3m/s

— - — Vp=7.5m/s, vy =55mis
Vp = 10 m/s, vr =8 m/s

+—+—+Vp = 12.5 m/s, vp = 10.5 m/s

A—&—aAVp =15 m/s, v =13 m/s
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Velocity, v (m/s)

10

..... vp=2.5m/s, vp =05 m/is
— — Vp=5mis,vy=3mis
8 — — - — Vp=T7.5m/s, vy =55mis
] Vp:10m/s,vr:8mls
+—+—+Vp =125 m/s, v =10.5 m/s
&7 A—va=15m/s,vr=13m/s
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T
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Temperature, T (°C)

4 +——+Vp = 12.5m/s, vr = 10.5m/s

25

PRSI vp=2.5m/s, vr=0.5m/s

e —_ —vp=5m/s,vr=3m/s
< =Vp=T75mis, vr=55m/s
! vp:10m/s,vr:8m/s

A—a—aAVp = 15 mM/s, vp = 13 m/s
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case 3
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case 1
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case 1 case 2
Z z
NP Yulax
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Velocity, v (m/s)

10

..... vp=2.5mls, vy =05 m/is
— —vp=5m/s,vr=3mls
8 — — - — vp=T75mls, vp=55m/s
i vp:10 m/s, v = 8 m/s
+—+—+Vp = 12.5m/s, v =10.5 m/s
6_
A—&—aAVp =15 m/s, v = 13 m/s
4 —
2_
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_____ Vp =2.5 mis, vp = 0.5 m/s
— — Vvp=omils,vr=3m/s
504 - — vp=75mis, vy =55m/s
vp=10m/s, vr = 8 m/s

+—+—+Vp= 12.5mfs, vr = 10.5 m/s
45 —

A—h—AVp = 15 m/s, vy = 13 m/s

Temperature, T (°C)
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Velocity, v (m/s)

Temperature, T (°C)

10

----- vp=2.5 m/s, v = 0.5 m/s

—_ = vp:5m/s,vr=3mls

- - = Vp= 7.5m/ls, vp =5.5 mls
vp = 10 m/s, vp = 8 m/s

+—+—+Vp =125 m/s, v =10.5 m/s

A—&—AVp = 15 m/s, vp = 13 mfs
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conc.
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TSO,exp

25.5
27.2
32.2
44.6

TSO,theory
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adsorption
capacity
(ng/g)
0.16308
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0.35358
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