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Theoretical Determination of Optimum Rotating Speed of Desiccant Rotor
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Energy Mechanics Research Center, KIST, Seoul 120-700, Korea
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ABSTRACT: A simple equation to find a optimum speed of desiccant rotor is presented in
this theoretical study. Usually the determination of optimum speed of desiccant rotor requires
tedious and lengthy procedures by solving governing differential equations with many
complicated parameters. The determining equation of optimal rotating speed is derivated from
governing differential equations with three linearization assumptions, which simplify
temperature profile linear along the desiccant rotor depth, psychrometric chart within a
proper range, and relative humidity—sorption capacity relation. This study shows that the
dominant parameters of optimal rotating speed of desiccant rotor are NTU, flow velocity,
desiccant rotor depth, and temperature different between dehumidification and regeneration.
The comparison shows the good agreement between complicated calculation results and
simple theoretical equation prediction.

Key words: Desiccant rotor (A& ZE]), Optimal rotating speed (&% 3H<% %), Analytic
solution (o] Z3l)
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Fig. 2 Psychrometric variation of process
outlet air

S EF5ta o] Z3 %} —rX]sHﬂ Ao &A}atk
AFNE HolE Aow delx glow Ao A}
|8 FAadstd vMese 44 S g

r=t/t, %6
0= T-T, 0
Ta,r,i _Ta,p,i (8)
_ Y =Y pi
- Cpa(Ta,r,i _Ta,p,i)/ifg 9)
ahL
N=oc.u (10)

F8 AL AAE)ES JoIE Table 19 4
daginh AwzHAAe 4 % BRARE v,

9 QA= wt sto] A
o =[Cexp(~A4,7) ~ Dexp(- AQT)]l/N 5 ©) Kk, o, No 47} F-219 AAExrkol] ofste] 24
+ AEw, o] 474 FAd JAAES A4 AFE
B U9 2FE8X HedA dalss: dAAY
°of clEgdE mEel AbSd wE AR M g7 v1e), AwzHe 98 AFE F
Table 1 Expression of parameters
Expression Expression Expression
1-xh, +o,,, l+y+xlo dxlo
-DA -1+ l-—
A k(4 = 4) L +exp(=4)) ¢ (h ~1) A 2K ( +\/ (1+z//+1(/a)2]
it —1-w,,; l+y+xlo dxlo
- 1-x4,)B LR AR SACH [ By PR LA —
Bl zarenh) | P (A-rct) Sy oy irnio)
Y, i C (1 -
| o Telee o ACe@TAL ), 7Pl Ly )
Cpa(ra,r,i _Ta,p,i) Cpaua tp pauaYso p

- 605 -



Table 2 Calculation condition 0.0125

parameter | unit value = 00120 - P
Tapi < 0 2 0.0115 I
Py . , — g — N=9
Ta,r,i C 60 :\é — =& — N=10 ;
Yapi ke/kg 0015 < 001104
Yori kg/kg 0.015 8 0.0105 |
>
Jm _ 0.7 S 0.0100 1
& - 0.85 E
L m 02 < 0.0095 -
Ug m/s 2.0 0.0090 ‘ ‘ ‘
NTU - 30 0 100 200 300 400
t
p
EF 9 W BARDY 4L 27 nw @) NTU
s 0.0125
3. MA HAo| mE MS s z "
© 0.0115 |
g
xE A 2XRES Table 20 AEstalon, 5 000
ol#]g ZANA AFEEHIAAY & L =4 A 8 0.0105 1
>
ol #e AN S FRHOR Fojx A 3 0.0100 |
A Fig. 3¢ teuigich A NTU, £, 5 oo
AFEZH Zlol& 27| E8dls "o AlF=H
N 0.0090 : ‘ ‘ |
3| F7]el met AFET 7MY ddFs 0 100 200 300 400
o] WglE AT Mk t
s 71 ;(l)\i 2= = I o] <
AF F717F Aol 4 Xﬂ_a =T 379 = (b) Velocity
Ee AHFHoR golAH 7 HAYggEs ¥
oFA T 7F Al F7tele AEFS Holm & 4 0.014
U F27F A&7 HeE As 717 S &
F 9ok g adxEsEe 2% dAHE NTUq < 00131
(2]
wslsl= A59 AL A2 Fig. 3(a)E &3l 3
g 0.0121
NTU S4#e] 9&& = + Ath NTUZF 574 o
of el &3 ¥V 2rE FUtEtn Ay FE= 30.011—
Ardte AFS Bolv 73] AugEs} F 3
LI = L — = =] IS |
27 He Alg Tl & Wgk glo]l ks 35 0010
#rste A4S & 5 Qdrh
N 0.009 : ‘ ‘ |
7] FETNS @9 459 =7 FUIY A 0 100 200 300 400
5Ee] Wsls A3 Fig 3(bE EH, HA t,
Adiges & W3k glo] dAs A H4 3] (¢) Length
=) 5= o 2= S A B : e .
TV 2 Wgkete] frde] wErs #HH 5 Fig. 3 Effect of dehumidification period on
= 1 “ Ao Fo] B 2 ol . .
A F717F AepAl= As B9l vk wet process outlet humidity (a) humidity
37 - 2= = }2= .. .
A E7I7E e AlsREE AvdETs 2E -NTU, (b) humidity—velocity, (c)
N e ]z = 020 1= .
Q;ﬂ =5 :O:]Toio}: O]'E], TS = xf]jr-‘——’ humldlty—ﬂow depth
A olEHoE dE F v HA HUFEE

- 606 -



# Fig. 3914 4312 4 9tk NTUsh 2]
F47h QAT Aol ARz

weh A F717k Solun 7
2 AgRY HA%Ee Gl s wrk

MEEEIEICRIES:
o thste] Haha, A
W

LAL =12 a1

4

N
2
ok,
2

RS BRI
b2k sle 24 o]
b 5 glek 19 Aol A thAl Table 1
4835l o vl gelstn vl
RIS

lo > il
1> o u
[o 1o, .
Ko g 2

(t) =(1+w+x/oj3(K/a)(l'\/l'<1+;':/:/a>2J

2 3(l+y +x/o) 12)
Al g HeolM HA HEHEM g
qe chde] oz was @ & Ak

2 y3
_Lf2 (ko)
P lope — 2\/;[(1+y/+x/a)} (13)

(t )Om prpm(l_ gL

1/N+1/2
pacpa a opt ( )

(14)

- 607 -

100

—— calc
—o— theory
95 A
g
—~ 90 1
R
85
80 T
5 6 7 8 9 10 11
NTU
(a) NTU
200
—— calc
180 - —e— theory

160 -

140 4

(t)opt

120 4

100 +

80

0.8 1.0 12 14 1.6 1.8 2.0 22

(b) Velocity

160

—a— calc

140 | | —e— theory

120 4

100 +

(ty)opt

80 -

60 -

40 ‘ ‘ ‘ ‘ ‘
0.05 0.10 0.15 0.20 0.25 0.30 0.35

Length
(c) Length
Fig. 4 Parameter dependency of optimal
rotating period of desiccant rotor
(@) (tpop=NTU, (b) (tp)op—Vvelocity,
() (tp)op—flow depth



debd N9, 9 S,
25, AT BEE, £F 5ol
W AszEs 47

F vk awHe 7
/o = gl sl
pE A gAERE
AR e
A4 Bz 2AY & Aok

P
H

c,, 1)’
L(1/N +1/2)
sO fgg AT

(tp)opt - u

(15)

5. AW WE Y HMEEe Wa

A ANE BAA AH AASES AL
A4 Fig. 32l 290014 7
agkel B F1E £A 84
Shel oleAsh +AAE Aserel HwE Fig. 4
of Attt AH FAF/ L UNTU v

St Fig. 4@)dA £ F K9] xﬁﬂﬂi‘—i
Al DAL FE Ao F Sojgta Yt}
O] AL olEAomHE Hry H]fﬂ]*‘(l&i)oﬂfﬂ
HA FdF7|7F NTUSE gujgdAed Adoke

AW st Adoln NTUZF 6~10 H el
A 3 % muke] zpeo]lE Holi 9lth NTUZF 7
AaE F717F @oldA oS5 mE S22 Als
2HE 3| HdAAKES & F AUk

r 1 m/selld 2 m/sE F7HA7+=
Ag-ol w215 AulE #A7E Fig. 4(b)
% %3]1*1 21- ﬂo]ﬂ,]_ oh;]. xﬂz:i]_q 710]%

2~ 1T =
% - ==

f

ASEAIZL Ao ARt Aol mlale M= ] 4
(15)9] Hl& BAZ & Sojsta las &A@
T St
6. 2 &

AFEE JHEEE AFYE A=) A
ol T3 JFE VA= Eeta HH 3
A&EE=S 2As7] AsiMe el dF dAES
242y ayste] B2 FAALS FaA AA sk
of sttt 1y AFEH W] ¥ SEEE
of AQ3}, 7] A= Ags, AsA s
e Adds RS Tl HH AdEKES

2

o
off

:(njL_',

&2 oo opo B N

R SV VL CP

—

- 608 -

()
%

+

2R
2 # J
>t
o,
=
El
off
:Cl){é

e
)
3
Ho

ol HE Ay i
N
9

M a3 2
o
S
o

Jo 1y
& X

=
lﬂﬁrsi'
oS

doh BN o

N
—_

o ol
il';

9,

o fi

3 —
fo ol 8, il

o

e
ot —{IJ
ok E

ol K
o

R
v

o Hr o
X

> 9
D)

N
>,
o
¥o, M oyE o

O
-

A
Mo

b XorE 2 Mo
o2 A N

i

T ot Hu

ot
o R

2
=}
kY
ro
>

O:
it

|V | (N ¥
K oxo
S
3

o
E
ok
2

o
T ox
Jo
ofo
ol
Rl
X,
m (|
ofo

i

o
o i

o 1o 4 xR oot

e
ol
o,
Wopx o B ob oh

2,
i
o & “o

%

Zheng, W. and Worek, W. M. 1993,
Numerical simulation of combined heat and
mass transfer process In a rotary
dehumidifier, Numerical Heat Transfer, Part
A, Vol. 23, pp. 211-232.

Pesaran, A., and Mills, A., 1984, Modeling of
solid-side transfer in desiccant particle beds,
Solar Engineering, pp. 177-185.

Lee, G., Lee, D.-Y.,, and Kim, M. S., 2004,
Development of a linearized model and
verification of the exact solution for the

analysis of a desiccant dehumidifier, Korean

Journal of Air-Conditioning and
Refrigeration Engineering, Vol. 16, No. 9,
pp. 811-819.

Hwang, Y.-S., Lee, D.-Y., and Park, B,

2004, Theoretical analysis on the heat and
mass transfer in a sorption cool pad, Korea
Air-Conditioning and
16, No. 2,

Journal of
Refrigeration Engineering, Vol.
pp. 167-174.

1A%, P,

olti<d, 2005, Xﬂﬁiﬂiﬂ &

A 54E Ajsts FA A =& S
A AnEets] =y, All7E, ]7&, pD.

S, g, 2007, AFEE Y HA A%
oA s v 5.



