2 0 2 6 FER 1 EREBIRFERFEGHE TERTERAFE B
FRE S RER] - HEDOEX
wOBR A A

AN '&L’\I %i% =]
——— ISR (B

I 1 B LORME 2 13, 2B bR 2 AR O E R d L O 72 R G FZ O B8 %
FERYTDHIE2BHULHETY, ME3 I3RS - 0 FOEEOBFim 0w ICBE T 2 HMRE 25
BT L2, ME4RET - o FOEBOEFWmICHET 2B AR 2EE T2 L2 LT
%«C&j«o

RERE 1.

(1) e &EFRmEND 1 HOE 2 8 Rm £ TRV H4 DIC e f )L X —

(2) Vv ORESEH: KEMETLLANADFTD 2 SO AT NIVBOEOFE =132 3o
ALY N IROEENT—E T D ReER A

FHRE 2.
BRI B T D EMORE b EZ ERICH SN LT, ETFAECOFEZH LML, )

R 3.
(1) B SN REEIE : v, =\/§sin(3ﬂj
a

a

@y, 2¢0a . (3xx\h d | . (37x —6ihrw fa . (37x 3rx
()@Q—L%g%w—ghm{jrkgim{ir}ﬁ— " Lm{(l}%(a)ﬁ
3

—6ihr a { . 2(3ﬂxﬂa
=————|sin"| — || =0
a br a )|

FRE 4.

14.00x10° (kg)

(1) k= 02210

ho [k 6626x10%(Js) | 2294(N-m™')
— = X

1.162x107 (kg)

=1.162x10 (kg)

hy =—
27\ u 2x3.1415

=4.69x107°(J)

(2)1 = uR* :1.162><10‘26(kg)x<1.098x10"°)2 (m?) =1.40x10(kg-m?)

g ~(1.054x107) (12 -57)
(3) T 27 2x1.40x10*(kg-m?)

=3.97x107(J)
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1. CaCOs(s) — CaO(s) + COzx(g)
2. AG° /T mol! = A:G°(Ca0(s)) +4:G°(COx(g)) — 4:G°(CaCOs(s)
= {(—633920) + (—393500)—(—1203350)} + {103.20+(—2.99)—250.90} T
4:G°/J-mol! = 175930 — 150.69 T

3. 4G = A.G°+RT In{(acios*acox)/ acacoxs}t

4. BUSD CaCOs(s) & LR D CaO)ITILITHMME THDH Z &5, acacoxs =1, acow=1 T b,
F7o, EARDERNRBUNE, 4G<0 D& ZITAFMITHEITT 5720, EAKOERIEE T
0 >4,G°+ RTIn{(400/1000000) (=L > TR BB,

0 > 175930 — 150.69 T+ RT In{(400/1000000)  (HE{ZDFHITHME)
T > 175930 ,/{150.69 — 8.3145 In{(400/1000000)} =815.4¢ (HANLDFHITEME)
8155 K DL
5. CaO()DERK & & HIZ COAg)PERL, FHEED CO,RENREL D, ik, £ERFKRRG
DX T AT RXNF—EB 0 LY KREL 2V, ERAROERRKIGIZERBTET L2 25720,
(96 75) % TEFZHEEND ] LRIVTWEOT, TRUSAEL 257201 130,

M2

2. AKX

3. X7k OERREE dul L, XBROAFALBEAZ 0L TDL, BEVE S E»DOHEL
X BROITHEZENE 2di sind 725, Lo T, MAS—B L CTEPIEZ 2581 4= 2 du sing & 72
%, (104 7)

4. (100)EDFEIZ, (100)E L F CRFHEIFET2HOERH Y, ThbOmICAKN L THELEh
T2 X MOITHRET RS LD, 20D XBROBIBITELL ., AHITHEREL, ZRITITHHE
L&A=, (100 )

ALV T AD Ca*DLBIZ, A FVEED/NEWD Mg PE#BEN DT, BRSNS RS,
ZNCEY, T TR 0 DEIIKREL Y, EIRXBOTIe 7 7 A VTE—F BRT
EHT A QDA EIXRAERICBET 5, (1177
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(1) Taking the momentum balance for the region betweenz=0and z = L,

{@rrArv,p)v,}o — {@2rrArv,p)v.dy, + 2urlty,), — 2arLty,)riar + (20rLArp)g =0

€]
After cancelling the first two terms in Eq.(1), it
r=R+§ r=R
should be divided by (-2nL4r) to get,
Ar
lim (rtrdranr — Trz)rsar — par S
Ar—0 Ar Py // |
T _ (]
ar__ P97 =0— m !
r=>0
R i

(2) Boundary conditions are the followings,

B.CH1: @ r=R+5. 7,=0
B.C#2: @ r=R.v,=0 i=L—| = :

(3) Integrating once to get,

TTyy = %rz +C,

pg (i
Tyz =7T+?

)
Since B.C.#1: @ r = R+0, 7, = 0, we have the following from Eq.(2),

G
R+6

o=%(R+5)+
Cl=—%(R+5)2

3)
Substituting Eq.(3) and the Newton’s law of viscosity to Eq.(2),

dv
2 P9, P9 g4y
2r

Har T2
Integrating both sides for the second time to get,
P 2 _

—Hv = %(R+5)Zlnr+ C,

“4)




Since we have B.C.#2: @ r =R, v, = 0, these are applied to Eq.(4),

O=%RZ—%(R+6)ZlnR+ C,

(%)
Subtracting Eq.(5) from Eq.(4) to get,

iy =PI 2 p2y_PY 210 (T
Uv, = 4(r R%) 2(R+5) ln(R)

_%{(rz R?)— 2(R+5>21n(;)}
=B o=@} 2+ () )

(4) The cross sectional area of the flow: S

S = 2nRé

The wetted perimeter: d
d = 2nR

The hydraulic radius: Ry

S 2mR6

hTd " 2mR

The equivalent diameter: D,

D, =4 XRy = 46

Then the Reynolds number, Re, in this case will be defined in the following form, i.e.,

_Devp 46vp
u u

HEEOF I ﬂ:%I%@{J@‘%E’Jiﬁ BT OB L LT, BHREROBRGEHIBE T 5
HE AR D 2

(1) Since the definition of the volumetric flow rate is a product of the cross-sectional area

and the linear velocity,

F= (%DZ) X7 = (% (0.10)2) x (25.0) = 0.196; m3/s

F=0.196 m3/s

©) w =pn X F = (1.23) X (0.1965) = 0.241:  kg/s
w=0.242 kgls

3) Q =wXCpm XAT = (0.2415) x (0.240) x (40.0 — 15.0) = 1.449 kcal/s
0=145 kcal/s

(4) Recalling the definition of the LMTD,




AT, — ATy (150.0 — 40.0) — (150.0 — 15.0)

AT 1500 = 40.0))
In (ATl) In ((150.0 ~15.0)

AT]m =

=122, °C

ATfn=122 C

(5) Recalling the design equation for the heat exchanger,
Q =UXAX ATlm
where A4 is an effective area for the heat transfer. Then solving for 4, we have

Q (1.44,)

A= =
UX AT, (66.0/3600) X (122.9)

= 0.6475 m?

Then required length L can be calculated from the following, i.e.,

LA _ Ty
“mxD mx(010) <tz ™M

L=2.06 m
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HEOEX (&R CRERRBECFOEB R NEL Z L 2B LZHETYE, &1 T
IFERBEAK DT TR H SN2 WOLEEICERIT S Lambert-Beer OEROBRMEEE 2 5% 2 TlX
KA B CHEA A HEOWEM E L THOWOLILD A A 2 AR OMERERHMIZ I 1T 5 b Ag#
RECETOEME LY £, &M 3 TIE, WRERMOKRD I, &4 TIIHKTOREA 4
VDVRIRFEFERIZIE D < LR EBICEIT 2B MR EE 2 0 £,

R
1. Wt A=-log(0.120) = 0.921 = 0.92

£V SEA%% Lambert-Beer %1
¢ =A/(CXD= 0.921/(7.00Xx10* X1.00)
= 1.832 X103 L mollem?=1.3 X103 L mollcm™
(&)  WREE . 0.92, EARARE 1.3 X 103 L mollcm?!

2. HATHE R A A L AR DT THY Na Blic 72 5 & NaCl At S PIciR 42 o TR
WRITHPMEE 725, Lo TRIEHKEO HHO X U FH&ET

5.000X102 X 25.00=1.25meq HAHAEIT 1.25/0.800 = 1.563 meq/g

(%) 1.56 meq/g

3. U Uy ORI

Cas(POs): s 3Ca% +2P0s  THRIND,
ZZT[Ca2t]=3S  [POs#]=2S &£725DT
K, = [Ca2*]3 [PO4*]2 = (38)3 (25)2= 108S5

(&) 10885

4. Ky, = [Ni*][OH ]2 = 1.60%x1016[mol3/L3]
pH=10, [H*] =1.00Xx1010

[OH']= Kw/[H*] = 1.00 X 10
[Ni*]=1.60%x1016/ [1.00 X 104]2
[Ni2]=1.60%108 [mol/L]
[Ni2*]=1.60x108 % 58.7 [g/L]
=9.392x 107 [g/Ll]

=9.392 X 10* mg/L

(%) 9.4 X 10* mg/L




