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Automatic Air Washer

Abstract

Today, air pollution is the major environmental preoblem that is

being increased severely. The organizers proposes this project as for
& .
i

eliminating or alleviating those tragedic pollution ,utilizing various

kind of scientific knowledge to manipulate. Beginning from u§1ng

1

water that is found easily ,economically and convenlently, we spray it

into air stream :ﬂor 2 reasons for controlling cair ppllutxon as we
i t

wish to. One is to collect particiulates that come with air stream.

i 1 : N

The water dropletTtwill attack ' and collect those[partxcle W1thin down

|1F, xf ‘I

to reservoir. Ano}her is to react or absorb gas that conta;ned iin the
E H l rl ‘* 5
air stream. Thatiwxll be alleV1at1ng gas downto appreﬂ1able levbl.‘ It

from cataljst.

maybe operates u?der catalyt1c env1ronment' W1th help
k|

The water would c%rculate around the system and'would be draid $pt
e

ﬁﬂ%er after su1t§b1e period of time. The way we treatﬁwaste wateﬁ‘1a
i J !
it | 1 i ; )
dasier than treat1hg gas ,so0 to deal with waste water ;s 1css proﬂbcm

.r
! ' )
than gas’s that bc1ng concerned in this project. ] | ‘

]
i
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In this projecty; we use the spray tower as for equipment. It
sprays wafer downwards, and the water would confront with upward air
dtream and the treatment will occur. Analysis can bg done by many
gundamental methods :such as Kinetic Chemistry (Rate of reactiqn),
Transport Phenomena which covers Momentum, Heat and Mass Transfer.
In expefiments, we build the tower and do many experiments ,var%ing
parameters to find;their effect and intensity. Moreover, we makg it
be automatic as well. That means it would operate immediately as ;oon
as the air quality is under standard or set point. And, in this
project it works effectively as well. Conclusionally, the spray
fowe? works at their excellent performance. It could eliminate
particulate upto diameter of 0.05 3m " (80% cfficiency) and alleviate

Carbon Monoxide (CO) upto 70 % efficiency at steady state condition.

This mean the'broposed project of air washer has been working at top

ability ,and can be used in real field operations ,developed to more

and more advance and effective than this in the future.
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Lﬁa M = ¢gas viscosity ,poises ‘
T = sbsolute temperature ,Kelvin
P = das pressure, atm,

d = particle diameter ,cm.
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Molecular weight

R = gas constant, (8.31 x 107 erg/K mole)

) a o o v o v v ao [ é v ’
ﬂquﬁ1ﬂu QUNﬂ?qNﬂWﬂmaWﬂTUQWQﬂNﬂuqﬂtﬂuWWQUEﬂaq0“9ﬂﬂ?1 ta (<= 1w
[ ]

v ‘ th. o v o 3 o
?ﬂQﬂWUﬂﬂﬂOﬁﬂTﬂﬂﬂ ("Stokes Law Particle”) 9Iu19IN1T197909%% NAIN

12 o o a:a ' ( 1 o o) -3 ¥ © L n‘ ‘I.l a: l..' a:
~ RANENRIINY QWQﬂMtﬁuwﬁﬂuﬂﬂﬂﬁﬂLﬂWﬂUWTOLﬂﬂULﬂWﬂU ﬁﬂQﬂlﬂﬂauﬂqutOOuiﬁﬂﬂﬂ

1 a 1 v o Y '
ﬁaQﬂTﬂﬂﬂaﬁuﬁTﬂuﬁuﬁﬂTBQqui1ﬂ uavﬂmvlﬂﬂjnuﬂquﬁ1ﬂﬂaﬂ Cunningham (C) (12

N 1 TuTsﬁnﬂawuqnﬁaouﬁuﬁm +/- 1%

vﬂn 4.2 Lﬁunaunsﬁﬂuamoﬂwﬂawuxvaﬂawaﬂuwuanu%uwmLﬂ%Nﬁﬂuanawa ATy
1mnnvaﬂau nuﬂﬁﬂaﬁunaaQWtwﬁznﬂwnu 2.0 ﬂqumﬂiuqunnmaanuawnwv “Taa" &1
wfuvmnﬂuwﬂxanmaa vaunomkuuﬂvuumaaLauwﬁmuanawoquamnnmu1m1wmnaw LWTE
NRNﬂW?LﬂRﬂuuﬂﬂﬂLﬂﬂl?ﬂTuﬂﬂ

h’l . .
i

| !
N ﬂg
f Wéﬁﬂ%T0ﬂt711uﬂ1&17nﬂ7¥u1m31 dmnlﬁunwonau1m lwalﬂﬂlﬁﬂﬂWTmtﬁuuﬂu

twﬁawzﬁumaounﬂftﬂaﬂuuﬂaaamno1nﬂ31xtﬂun1aﬂaw (sphericity) piawmwilinlrng
Wl H !



fo

-

g

%4
] LY |

Lﬂ%ﬂ?ﬂﬂﬂu (sphericity factor ,K') @ ﬁ ml aunﬂvvaaaimnaluﬂwunw11wauun

{region of viscous flow} ’WLﬂu { §1
i
o

®
b

t

2 . 'ﬁ
ﬁ

Vis) = K*' d (fnf/‘l g / (IBA‘) (4.23)

; ] v 4 H
RWVTUﬂWT1WRWuﬂﬂNﬂW Re %98n21 0.05 }35

NalNNITANAYNDY  (Sedimentation) TmnanﬂWTmaousaWuunaenaeTaﬂu Tonl4
UBILRAIUNUBINIA L HTY aﬁnWTnamanaoamnquﬂaotuaauuuﬂ1ﬂ1n0ﬁﬁ1ﬂ v lnalnnag
wantinTdr st osy 5m11n11ﬂam1mauvmqaaquwuau[uﬁuataugfaTuﬂﬂmwnvw 0.2
aumh 4.8 aantoian1lalaeinTatlaEnton  tosatei T1av e neuAI 1AM
UNNLD9I8INNA (air density) auﬂ11ﬁ 4.8 UALEDLIIUNLBINIANIEIDILHAIUGD 177
ﬂﬁﬂwuwvnaaﬁoLnauﬁwﬁqﬁui1ﬂ1ﬁquﬂ17mnmsﬂau Lﬁudwauénawamao?mq%ﬁaaﬁqﬂ%aw
il iluiinmsonaenouildfomn a3 lunTou nmzﬁﬂuwmqw@%gﬂﬁawuwvnﬁuqﬁmﬂmv

v oa 1 ¢ o > Vo ) o ! af) v 3
ﬂau1ﬂ ﬂﬂﬂlaﬂt’ﬂTuaﬂ“uﬂ 9 ﬂua%ﬂﬂﬂiquuWQUUﬂaﬁaﬂq VU ﬂTmTﬁﬂaﬁl“@ﬁlﬂuuq

[ 1]
AR
™
Py g/cc Limitting diameter ,u
Silica 2.5 50
Heﬁatite iron ore 5.0 36
Lead 11.4 26
Do » ﬂ' ’
4,2 QﬁuﬂnﬂﬁﬁﬁﬂQHQTQlaaﬂ (Inmertial Impaction) .

%

4:.2.1) mMopsrunn (impaction)
1 |
! i
l {

. , | : ' . ' ' o
"mpxuawana %d !dstWHWN%avaauomaam1ﬂ wWENINONN; jﬂﬂaaunnaswaﬂﬂwu
: ]

n

L | ‘

aamamwunwvtﬂaauuﬂaa mwmngmﬂouamu ﬂ?ﬁﬂlﬂaﬂ (lnertla)

H

| &l

I B T
'Lpﬁahpmgﬁﬂ uuma?
X Lo ‘r;.

ﬂOﬂWTkﬂﬂﬂ%“ﬂﬂiﬂﬂﬁﬂﬁ?tﬂﬂauﬂ uﬂ"LﬂWﬂuuTﬂﬂTﬁquﬂ1TWHWHWNLﬂﬂﬂuuﬂdﬂﬂﬁTlﬂﬂauﬂ

1
H



T~ pweiviieopmeed e

v ot

.
ar

2 wWIMMsiuanaIeISmanset

4,

Y

™

Gas Streamlines

Motion

QP e et e

*— — —

Particles~ag _

Tlrget,(e.g.. cloth fiber, baffle, cyclone wall,

scrubber drops, etc.)

PR LS I T e LT - T S I
-
o
!
~ &
.
- = [ < - — -
TR ResonTen e | ooon RN SCOURN U PO MRFSRE v IR X~ SO B> SE R K ST Sfist
-



i o gf v »T'i i

i
&

3
: 'i
Bi de : i
'Y QWﬂ?ﬂ&?ﬂqﬂqﬁquﬂ17ﬁTUﬂWlﬂﬂﬂuuﬂ@ﬁﬂﬂﬂﬂ]ﬂ lﬂﬂulﬁuﬂNﬂWTwﬂW?u

f ! ’
L . ' %( !
K

& ¥

Inertia ‘= [d(mv) 4 (4.24)

o )

|
1 i P H lr
: : 4 H i

i
b
‘l ! ' l[

ﬂﬂT&ﬂﬂﬂﬂﬁﬂﬂ?ﬂuﬂikﬂaﬂ WTDW?WNLWOﬂu LﬂuﬁﬁiuﬂﬂaﬂﬂﬂTﬂﬂﬂqTaﬂd%@ﬂ@@ﬂWﬁ

giwﬂunsnu "Lﬁwquﬂ" (target) UNIDETY ﬁcawaaanwaaﬂﬂua ﬂTbLﬂROunﬂ?ﬂﬂ?ﬁu

¥

i
4

\11ntﬂaauuﬂaa“ nnuWﬂLuavww w:awﬂﬂavaaaquuTﬂToaﬁuu vmn?waduazaaqnau?u
i

N?dﬂ???ﬂﬂ?@ﬂﬂ??ﬂu Q&lﬁﬁ@un@7&ﬂ77ﬂl€7nﬂ78N7w77ln?ﬂUﬂ77Nh57W@0ﬂﬁﬂﬁ777@U

) ' 4 ! |
iﬁd 1U773777mﬂﬂﬂ7¢uaﬂﬂ7ﬂ ﬂWﬁQBNWLﬂaauﬂRBNTWU?mQBQ 0&3ﬂ0ﬂ1ﬂkguﬂqT1“ﬂ

L4

13 -]

[
YD INTT ' (gas streamllne) ﬂﬁ?ﬂﬂQ‘S amnﬁoﬂoﬂuuﬂﬁwuwuwuuunuﬁnnaw JENAIY

1

;ﬁaﬂaﬂuwnna" mauuaqmamwunwwLﬂaauuﬂaomaqﬂﬂﬂwanthﬂaauﬂ fatu wIninnae
tmaaun1ﬂmwutaunwoWanuaﬂaTuﬁﬂ uavawaauweLﬂﬁﬁununﬁwwu1ﬂ1m 1mqﬂ01wquu
ﬂauﬂawutmaﬂuwnmu uauﬂamamwunwvLﬂaﬂuuﬂ@onﬂﬂwanﬁsLﬂaauﬂuﬁnnu indoasd
amnnuuuwmLantwaaaauuaﬂnaaLﬂaauﬂwwu1ﬂiau a0 vihwane e amnﬂuwmqwmavoa
vignens i vane uavamnnaannwmuiua1xﬁumoowﬂmaﬂuanuﬂ amnawqaanﬁatmu
‘ﬂauuwaﬂunWTﬁﬁvnWTWwauaoawqﬁﬂWWNWTa awnaelmuamnauuwﬁuan uaaniunmuWﬂuw

LD i naunauuamiﬂquQWTﬁWTﬂWTWwamaeawnwﬂ wioimedindn sadiy

: ﬂ .
tﬁﬁ“ﬁ?ﬂwuﬂaﬂ aﬂl RQQMGWMWﬂquﬂWT\ﬂUﬂﬂ?ﬂﬂﬂ)ﬁ)ﬁﬂWTu

-

auﬂﬁiu1ﬂﬂﬂ18ﬁﬂﬁﬂﬁwﬂ17LﬂUﬂWdua”800ﬂ11ﬂ (Approximete Generalized

target efficiency equation) 1maﬂ7auwm11w1uaﬂﬂ7m91ﬂ ! A5 dwane Sty

LBg1 1 dainod lelaau uav ugad

5. = exp -[ (0.018/R) 6% %% ~ 0.6 BT 1 (4.25)
i ! ¥, = Tanget impsction Efficiency 'y
T ) : .
§ pir R'i = d/1I g ; i
) S L H ! e . % By
! mi H i . %, i
| Mi'” il Df =, Collector‘diameter (1n‘sprsy1ng CBC,,,?C = ch r)
i :‘ i ! :; I “ . ' KA
) w"ﬂ'}! ¢| = dimensionless impaction parametepr Il
A LR i X

172

cr(CpDvadz) / (184D ) 1

i



W 4 wanssmemyauasing

kxpansion Zone Velocity Target

. e of gas <<Vg.lhdlo—

Particle Final
‘Gas and Particles —> Velocity = v = 0
at velocity = vg s T ®

Particle Initial
Velocity = vq = vg

¢———— Stopping Distance (Xs) ———»

o




.

|
|
y

ve

Sk

A R S et i

!
l

i
|
|
i

0

locity of particle relative to target
h

]
1

)

AT

l
i
i
I
' i
: :
) v !

ﬂn1mtnumn;

‘naﬁaq
1nawonaawﬂﬂ1qo TUge
e uuwmnaaﬁﬂmuwuv

ﬁﬂWTuﬂﬂﬂRWHQQHuTGt

i
3

t 1

|

4.2. 20 TUEAYS

nnmadzwuwuau

ﬂssanﬁnwwasuﬁuQWﬂoﬂtﬂwnu 0.15 nnw ) nﬂnaw 0.15

{
(0

"%!
{uﬂimﬂlaﬁtTﬂTuﬂﬂmﬂ aﬂquﬁvguo 04 §9 1.4 (0,04

&Nuwﬁﬂ“ﬂ

s w

ollectot diameter) awuwsntﬁuﬂ13317ﬂ1 ﬁaumtauNWQua

lﬂuNWﬂuﬂﬂﬂWOﬂ?ﬂ%?ﬂ?ﬁ (Spray chambeﬁ)uﬂv Lﬂuwﬁﬂ%ﬂﬂﬂﬁﬂ
i

avﬁﬂﬂtﬂaﬂ LWTWE?WﬂlTMﬂﬂﬂﬂWﬂﬂ?ﬂuTﬁﬂﬂﬂvﬂaﬁuﬁ Lﬂuwuoqua

o

QOH

i

! :v;f E
a-‘(g I
1

]

i

{Stopping distance)

i
e

|
1

!

-3 (n: Y | v as a’ v
MDﬂﬂTmﬂuﬂﬂﬁﬂﬂaaﬂmﬁﬂﬁﬁﬂWTQQuT0lQDHUDﬂ?WQRO

ﬂ?ﬂﬂ?ﬂUlTULﬂﬂULﬂWﬂ?ﬁNtT?ﬂOGDWﬂWﬂ

ﬂavﬂﬂﬁﬂdﬂﬂﬁﬂﬂﬁ

aaaqvaénwﬂqﬁusagﬂ

ﬂ?ﬂuL73ﬂ9001ﬂ1ﬂ%8ﬁﬂaGﬂuﬂTﬁﬁﬁﬂ1ﬂ7ﬁLﬂWOU 0

v a v ’ ¢
amqﬂtuwuwnWﬂquqﬂn1m
LRI LN T BLUNLENEY (expansion zone)
5mqn?aQuau

(drag force)

%qaavﬁaoqﬁfmqtﬂﬁouﬁiwao Trasn N 14 be

d g Ao v o v
NT9EAINY (stopping distance) Lﬂuﬁonﬁumaauaeowumuﬁuvacamquaaﬂawuﬁﬂunwu

017
A}

v vaa » ll' Ld
1ﬂ00ﬂuﬂﬂ1ﬁﬁﬁuﬂﬂﬂ7ﬂu10tﬂOﬂuﬂ?

RyramandoaniT 19

" L v L od
M3E1819 tNDIMNTIRI AN T

drexnain o

(AROUNTN a9 TaauT 9an uasfaavﬂwaﬁuqﬂ5mq

A

vo¢Tant funredrnThi

- .0 v 1w MW v Ce 4 1 a
Drag Force) @angamiimininsla warldaianisiiiuadiae ™ iase (v )

(dreg resistance)

av  a -]
weidnndanuiFadoaduiy v,

9T FesTeaevani PP ATE MR RI PR PP

U . e '
vrwinadladn  dngarlimganauiassuiu
T A4+ waaslaotunsamsiioimandouiiala  q fudagiden

v

-}
v

wsfidanlutr o mugis  aa 2 1dan
FotTsanmineinfu v,  mgsy
AR INIY X v auT 991wy 9 Thuda g
uvoﬁﬁaﬂoL%%@@é%ﬁﬂfaﬂdﬂ‘ﬂﬁdﬂuveq@uaaﬁvﬁu (Newton's

—dv /dt = (94 (v ) ) /7 (25 1) ) (4,25)
) \ , F -] ) - P a | » 'i
f v ! 4 i ;[‘
Ao ‘ | | o
I N PR R | ' P
w:,Euﬂ,xﬂhnmNum..vt nal V=0 ua”qﬁﬁaﬂﬂﬁﬁuﬁiaﬂiﬂ 7"avuaﬂ Qvtﬂﬁﬂﬂﬂku
i ho H |
N VR Y N R W, X
lﬁﬂt%ﬂﬂﬂ%ﬂﬂ“?@ﬁﬂqg? AN %ﬂﬂ;ﬂﬂﬂﬂaﬁﬂjmﬁﬂ Kaﬁoke 5 Stoppgng equation)
. i , | 3
QuWﬂquﬂ ‘ “




L1

P st s ot e,

JUn 4 < n'nvhzzanmmaTmnzfﬁ'umwL'%u%um"u'lummﬂmmgwumi’mquum 1

3
g/cm

Particle 1o

7 |/ Diameter, v

-
<
W

STOKES STOPPING DISTANCE Xs. cm
N '\‘

w o~
i

34

/
- /
2
/
10-4

T

LR
10 2 3 5 7102

-f

T L

1
103 108 108
INITIAL VELOC.ITY (v1). cm/sec -



quﬂqwﬂ 1ﬂﬂﬁwﬁcﬁoﬂvﬁmt?1ﬂ1ﬁaﬁnﬁﬂautwﬁﬂaﬁwuwﬁaﬁ o

§

A g

X_ = <2v1fpr’> /7 (9a3 . (4,26)

n1ﬁﬁﬁﬁmauﬁaﬂqm (Induced Fan) Lﬁu1un7muaouaawa1vTﬂTaowu AT

1

bl
Q

X =0 2(V +V)prr 3} /94 i
- 1 £ n n

i -

Sl L TR P, e ]

(4,27)

22

($1h] Vl = Induced Axial Velocity from induced F?n

v 1 i «
AUNITY 1ia1n1uamqﬂ70naw 1%ﬂ77&ﬂﬂ@ﬂﬂ&%?71ﬂ uavaqnwaqﬁufanﬂtwﬂaaawe
A

i + [ 4
Lagn “TDO%ﬂWﬂWﬁMTﬁ%ﬂuaﬁuTﬁﬂﬁQﬂtﬁ%ﬂ?%ﬂ?ﬁﬂﬂﬂﬂﬂﬁ?ﬂﬂﬂkﬂﬁuu HTGQWﬂuTﬂTﬁN

' o 1 d L] o
aewoslan  wremelbhufousomswiindnlbh  wasusamemnudor  1ldean

TR0

L [ o & ¢ 14 o v ou o o Ll o
awnw10111nnvaoomnnuawnwﬂ ﬂlﬁﬂﬂuluaﬂﬂmvL@H?ﬂ%ﬂﬁﬂtﬂﬂﬂuquﬂﬁﬁOHTN m
’lm\lmwmLﬁumaa‘l'ﬁmun‘ln'ujmmmuaw (Cunningham's correctign factor) L0

oL suﬂewﬂﬂnuﬁ1nnnmaoua1avLﬂu

Xs (cérrected) = X, c (4,28)

-

\

a a o ' {u d ¥ v o
11"]?5 uﬂﬂﬂﬂ?ﬁﬂﬂﬂﬂamfﬂﬁﬁﬁGTEUUWQ@M@ORTWﬂﬂﬂUﬂ?WNLT?ﬂﬂﬂu 1%01ﬂﬁﬂﬂ1
u

w?ufmqﬂsenauﬁtﬂﬁauﬁﬂuuuafqﬁu RIaNHuLRILT 9 RN 909 14N MAEINONA MU

' VW ] v v da < ' v o w vy 1]
WUEININY 1 g/cem ﬂ77ﬂﬁ7ﬂ7ﬂ7mgnﬂﬂu7ﬂlﬁnﬂ?7 2 7”979“ m@qﬂﬂ77U7U“ﬂﬂ7Hﬂ7

v v a . o vy [+ v ' o v U
‘UHYﬂﬂaﬁﬂuuquaﬂlW@77”W@79097ﬂ777ﬂ@77@?H Qat%u1ﬂﬂ100?ﬁﬂ?1 EWWTUQWQﬂuWﬂ

& 1 ' o v ,a:u M vy o ";.3 ' ' o )
Lannnn 0.5 lamTau ”ﬂﬁiuﬂvwﬂﬂnuﬁ1nua1uasnﬂa1w1mun1uuﬂ1nyumnmﬁonuuwnaﬂwo
1ot
) y 'I v

tﬂui? 7vﬂuwﬂﬂaww7uvmnﬂmﬂWﬂawuwuwuuuau sy 1:9} g/cm” w1 laRnn
‘ o ido o !
nwsnquﬂunawoawnnsﬁﬂmaﬂﬂawuwuwuuuﬂaaamén wewTan 4
1

SR R

[
1"

19 g/cms)

fl
1

i
{
i
! i
i

oo i O t A'IJ a o V) ' > © 1 a' o
1uﬂwanqugunuwuaﬁLﬂuﬂmaawawimwusawwnusoWuunaauao1aﬂmaﬂ nauNvLaTeN

as



-
—

|
aninamly

& W e
nu
A

Uszansmwnist

b

i 4,

‘m{ nimumcollection efficiency

——— — —

A

.

AIN3III443 NOILIIT0D
]

20

10,

0.2 0.5

0.1

LOG PARTICLE DIAMETER, u



I

i

[

|

i
J.

uﬂuﬁﬂﬂﬂﬁﬂﬂaﬂﬁﬂﬂ nﬁvmntmutﬂaaunquuuameqwnnuuuausvTuupﬁeuaeTan “70“%713

ﬁu T%ﬂvﬂﬁﬂﬂﬂﬂﬂﬂ@ﬂ?ﬂﬂ?“ﬂ@ﬂu71ﬂT?NﬂUTSﬂEﬁﬂﬂﬂﬂWﬂ?“1ﬂN1 ﬂ?ﬂ?ﬁﬂﬁ?ﬂﬁﬂl?ﬂ

v
kﬂﬁ’ﬂ?ﬂlNUﬂQ81ﬂmﬁ““uﬂﬂﬂﬂWﬂﬂﬂﬂm?GﬂQﬂ% nﬁamntﬂaaunqﬁuu1tﬂﬂ?ﬂuuToTuunvc
maaTan WTO“%?Q# wauauuioTuxndﬂ1anqumaau1u1u1ﬂw183u Wﬁu“ﬂﬂﬁﬂﬁﬂﬂ77lﬂﬂauﬂ
L
i r
l

SURNANT L S ug LﬁaﬁaziﬁwWTzﬂswqmﬁQnﬁaqﬁoﬁutﬁuﬁu

i

4.3 AITUNTATEINLNDIING (Diffusion of Particles)
I 1

iﬂ% 46 uaﬂeﬂswﬂnaaﬂ1~§ﬂ§nww1uﬂﬂ7Lﬁuﬁﬂ?mﬂﬁdTﬂ’ nutaumﬁﬁuﬂnaﬁaVTa
uuwmmaavmn nTlawan o 15 Eian 1mnnuuu1ﬂumnmnanu Qunntnuuﬂnmvﬂaﬁn11nxwu13
ANUANATIRY AoRISeuandIauT 91508 wareat3an1TUNTNTEINE Tﬂﬂanawo 1m7vu11
uuwavmnntnuuﬂn1ﬂﬂﬁnﬂaa3ﬂ1uﬁva 0.2 09 1.0 am LuaﬂuWﬂnaoquaﬂao M7
aauwuwamauvanaeamqavtwuuu LuaimnﬁﬂuWQx5naouﬁﬁaqmuﬁa §mnauTmuﬂ11ﬂuns

QﬁnTutanaﬂaoawnwmw?auﬁa uavnﬂuoﬂqutﬁaauntuuauTuxanaTuﬂﬂﬂﬁoﬂu N EDY

LTﬂﬂﬂuﬁﬁ ﬂﬂTLﬂRQuﬂMHUUTWﬁLuﬂu (Brownian motion)

[ ]
1
v

hed o ' o L 1 ] {
aﬂﬁﬁﬂimquNTHTSQWHﬂﬁuﬂTﬂﬂﬁu0m1ﬂﬂﬁﬂﬂuﬂ11m70 1 LmuaunwvmaaaTmﬂa—1aa
{ a: o v ¢ o +
lni (Stokes'-Einstein equation) Aot Tl dwolui Foo MTANLINUINANT (Mass

Transfer) WwavluRINITUTEINGAINNITUNTATE Y Jutatatn Y

D = CKT 7/ 3wvad - (4,29)

PM

) ' .

Wi 0 = Diffunivity of particle bthrough continuous medium, om” /g

C = Cunningham slip correction tfactor (eq“'7), dimensionless

' ; K =.Boltzman 's constant ok

t i ‘-9.5 - 4 ;\ ‘

Coo 1= 1788 x 1077 g / s¥inolecule K. “i
1:‘ ;| |§ i 1 { LY
%H '&‘! T = abdolute temperature, 'K *#I
AR HEE v )

P A= medxum viscasity <1ﬁnoqu»1un:mTﬂfooﬂuu>

]

1.8 x 10" ° g / cm s for air at SC (Standard Condition)

LS



j 45

4

aunwvi Tﬁ1ﬁﬁofmnﬂsonauﬂu%nt5nuavmuwm1ﬁm waraun 1 TRaNNTe L LAnus
nanofL Tuu (e L SRR - CRRNE P POTRL PN FOK; DO A, 17 1a
uﬁﬂﬂﬁﬂﬂTBﬂﬂﬁnﬂwquﬂWTLﬂuwaﬂu Luaamnumu1mnanﬂanuTuﬂwuuaovmnnuwmtan 9
aﬁu131ﬂ11tﬁutwiwsunWT(uunuuaamwwawunwuwanunwsuwf (diffusivity) m1%
YTenaanwin L RS uanaty WQOHWOQWHOWNQWNWTunﬂ1Tuw11um3ﬂaﬁ081ﬂ1ﬂ 193300
varetiauavdwdulaianares  so, 1muama17m1aawau manwauuwmsswu (1uxann

r"

d o i L] ¢
199 SO, Tuaﬂwvvnwm.umunmagquﬁoq 3 x 107* {aaTow- =

S "
) i PR

' Particle d.micron: DFM. cmz)s Sohm}dt No. A D “/p
0.5 W\ 2.4 }}10 .
0.1 6.57 x 10 ° 2.3 x 10"
0.01 4.44 x 10°° 2.41 % 10
0.001 4,22 x 10°° 3.59
SOz molecules 1.19 x 10°" 1.28

a v oo

ﬂ17¢ﬁuuﬂﬂ5nnﬁaﬂ3§nw1uwf§ 5%%?70%@3 ﬂﬂ@% ﬂ??“ﬂﬂﬂ?ﬂ“?ﬂL%OHHUUﬂﬁTﬂTE
_inn (lmpaotlon Mechanijsm) uunac LNTWS?W?WDQ"DﬂauaﬂﬂLﬁ]ﬂuﬁﬂ ﬂmuﬂlﬂﬂﬂﬁT '
uu1aﬂuu QmﬂﬁﬂtﬂaauﬂaﬂﬂﬁﬂquﬂT"“ﬂﬂﬁﬂﬁﬂ (WTaﬂWﬂ‘ Q"Nﬂ?WNVTN&WﬂﬂﬂWGRﬂﬁﬂ
uuuau ﬂWTuWTlﬂﬂﬂuquﬂﬂﬂﬁﬂﬁﬂ uﬂl?ﬂﬁﬂ?uﬁ?ﬂﬂﬁﬂﬁﬂﬁﬁwLT?ﬂWT&WTLﬂﬂN (Pseudo-
diffusional velostty) 1& ﬂ?ﬂﬂﬁ?ﬁ??ﬂﬁﬂ?WNQWNWTQTuﬂWTuNTﬂ?ﬂﬂTNWWT “ﬂ&ﬂm ]
ﬂ?ﬂﬂ%ﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁ0ﬂ171wa (normal cross sectional area) DIWNIY
ﬂ?WNLTQWWNﬂﬂﬂWGlu@ﬂ&ﬁ?ﬁﬂﬂﬁ?ﬁﬁ?ﬂﬁﬁﬂﬂWaﬂlﬂﬂ@uﬂaﬂ (Vu) guﬂ"tﬁuﬂ??&ﬂ?
u11n1uﬂwvnnumn ﬂWTlNNuQ8ﬂ81WLﬂﬂNﬂW70ﬂuﬁWN HaﬂaﬂﬂlWN&WNWTﬂquﬂWTuNTﬂTS

a v ar a v 6 v o ¢
g ﬂ?ﬁNLi?ﬁWUﬂﬂﬂﬁ0Tﬂﬂﬂ11ﬂﬁvuﬂﬁLﬂﬂﬁﬂﬂﬂ?ﬂwLT?ﬂWTqﬂamaoﬁﬁﬁ AN TIANNNG

(v_) ADWARNITERINIAIINLTY v fuanni T g %qawnae1ﬁaéﬁuﬁ515

Hi
t

10

Johnstone uﬂb Rbberts 1@1“RNHWTaWWTUﬂ\u1U ﬂ?vaﬂﬁﬁd

1un17tnumnuun

s i

/

;
|
uwTﬂquﬂﬂ awauLﬁqwuw%uuunvonauuasﬂiaﬂieuaﬂ 1muqﬁﬂ11wtvuauwﬂﬁﬁ1ﬂwaw7mw
f
aun

iy g I
|

17?81§1ﬂtwaﬂ1tﬂﬂ Schmidt Numher (Sc) ‘Nﬂﬁuaﬂﬂﬁﬁ 2-4x10 (uuﬂeimnm
A

WALENNIY 0.5 am LuenIa)



e

AMTINT INTELON: £

|
i
'z
H

Syrer, = L= (D /D v L /% + 0,55 sc*' 7 Re'{® 1x10° (4,30
[ K . ‘ R
AMTINTINRY: b
g
1 3 1'2
5 .= L= (2D /D v Il 1/v + 0.55:5¢"' T Re’? 1x10% (4.31)
giL€f ., . M c o '}y
¢ 1‘ ?E i
: . %l
o ' l‘
139 O e = effective diffusional eff101encyélfraction
. -
a ! L!
DPM = diffusivity (dun1gn 14, mz/se¢ji
i -
|
D‘= = diameter of collector, m W

| v .= relative velosity, m/sec
| = Settling velocity (V-X
Sc = Schmidt Number, dimensionless
f ﬂ/fDPM
M = medium viscosity, g7/(m sec)

p = medium density ,g/m"

Re = Reynold's Number, dimensionless

faluwurreimaminto iuionienld  dhodn et 50, doﬁaxﬁunéunaoTu
\ana 3.5 naamToNInNIY  Talfasitresna 0.001 luerou wSoluwinin  afeiSnuos
) y

~ a o o IS Vi VoA v P ﬁ
s0_ TunTTﬂWﬂwﬁIQﬂﬂnma%n 8.0y 10 1 lne wanon9vew nnIL laaud ot 1l

4.4 privaasianui Juton (Agglomeration)

.

i b
l
oo

i qutﬂuWﬂiﬂnaﬁ amanNWTnLﬂaﬂuuﬂaaawnamnuunﬂxan munnunn1m1ﬂﬂ0ﬁnw1uw1

ﬂ%ﬁﬂ%} ?ramnut Lq u

jﬁﬂqﬁm 1?cwsawuwsntnuwnimmamaﬁnnsuaanvﬁnvuuﬂn ( Impaction)’
|
uQTfﬁOﬂg'(Aerosols) qa1umamuwatmu9311Lmamunnwwﬁasuuu umuuaunamauuqumuu

ﬂ?ﬂ?ﬁﬂﬁ???”ﬂ?ﬂu (Agglomeratton) LNO?WﬂﬂuﬁﬂtﬂﬂLﬂﬂDuﬂ ﬂ?ﬂﬂﬁﬂ??ﬂ@ﬁﬂﬂ?



43.

; .
. ! {
. a ; 2

1

H
i
i
1
!

Seiricte

1.
t,l

uw1w1aﬂqwuﬂuﬂaunwaﬁa (Mechanical Turbulence) aneuﬁnﬁuuaunu wor e

ﬁunuuu UﬂﬂﬂiﬂﬁﬂﬂﬁﬂﬂﬂﬂﬂLﬁauﬂﬂﬁaﬂi%ﬂ uwanwﬂwamawuauamnaaLﬂﬂunuﬂiuwmmomu
(ﬂiTﬁﬁlﬂﬂquﬂuﬁﬂ naounqaa7aumanuxﬁuﬂauuuu Agdglomerate, ﬂ?uﬂ@ﬂtﬂﬂ??ﬂT?N

ﬁaﬁuuuu Coalesce

5m7ﬁnw1%1uﬁd (Agglomeration rate) quﬂswumﬁuﬂaﬁutnuuuuazﬂivuwm1ﬂ

1Uﬂuﬂﬂﬂuﬁﬂ ﬂT“U)uﬂﬁ?quﬂWTT?Nwﬁﬂuﬂ¥MﬁﬂﬂmvLﬂﬂ?ﬂuﬂUﬁNﬂWTaﬂTﬁﬂuﬂ 2 N

.
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Range il Thermal Force Expression Knudsen No,

Free molecular reg?me: “%! >>1
3% F, = (o2 r’ C)/(15 V ) (dT/dxngﬁg " (4.36)
Ft =, -9¢pr (Azkg)/[ﬁT (2ky+kp)] (dT/dX) (4.37)
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i¥9 F = Thermal Force, 1bf

c = tranélational part. of gas thermal conductivity,
Btu/{hr ft “F)

r = radips of par?icle, f't,

1

* M = viscosity of gas, lb/{(hr ft)
. k' & kn = thermal conductivity gas & particle, Btu/(hr ft ‘F)
» P = densjty of gas, 1b/ft”

f T = absolute tempersture, 'R

f i
= distpnce, ft '

o>
1]

v = vé}oéity of gae molecule, ft/hr

Knudsen No., = §/r
§ = mean free path of molecules, ft

(air © 3.25x10~7 £4 or 9.9x10°° m at S5.C.)

WAELNN: NN 4,35 4 1ﬂa1uwvn1i1ﬁﬁu3mqﬁ§é1ﬂawuﬁwaawu?auﬁo 0 (high

thermal conductivity)
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4,6 AMTANAYD29 (Atomization)
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(A) Wide angle full cone spray nozzle
with internal vanes

" (C) Deflected flat spray nozzle
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4:6.2) NITNIUIYTUINTONTOV (¥R7 (Droplet size Prediotion)

nwvﬁwuwauuwmuaaavaaoéaqudavawﬁﬂﬁawaﬁ15Q1ﬂﬂwvnﬂaaa e (empirical
dgta) nwwamwanﬂuquwawWiUﬂaammewvuuumwg g uauatwawuunasuuﬁqusﬂuuumw
sqqnuaaqqﬂuuunqqamauoaq (flow patterns) 49ULIANNTNTEINY UTuMUOIT04

LMR?H1% AITHOULDIUD I L WA N7 LHRUDINT warmIndud o1y

AUNITA 19NN TARATA S L AT BRI Uar 08 1 1R L aRelng (common average

droplet) ﬁﬁ‘l'ﬁ'ﬁuﬁﬂﬂ ‘a9 Nukiyama-Tanasawa NIl

. G eve 7 L5857 (v 'V 01T
! CoaZ¢Te ) 1°7%% 0 (1,000 @ /e 107 (4.38)
! i ¢ . ]
P “] | "
i { i f ' i ‘ | : o
CM | , !
}, ‘ﬁ@!gdi gn = ‘ébter mran drop diaméter, micronS'ﬁ’ .
i : :"li. ! .. @ i } fl + . !l: i i
it ) N L v
i : v ' '= velocity of dgas, m/sec

V ' = wvelocity of liquid, m/sec
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W8 A = solute (material dissolved)
B = spolvent (dissolving material) it

D 2 li{quid diffusivity, cm’ /sea

A = solution viscosity, centipoise ki
i
T = absolute temp, 'K i
v = molar volume of solute as liquid at the normal

¢

+  boiling point, omal(g mola)
d = a constant for the solvent
= 2.6 for water, 1.9 for methanol, 1.5 for ethanol,

1.0 for Benzene, ether, haptane, and similar solvents
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D, = 1.6x1077 (q /MM T s av 2 ) (5.3)
:
]
Lﬂa D = liquid diffusivity, 1b moles /(ft hr)
P = sgolution density, Ib/Fha
)
T = eabsolute temperature, 'R
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auqa1vwiwoﬁaqgauuaoLvaoiﬁuﬁLﬁa 5m11n13@ﬂqmiuno?ﬁnuwauﬁﬁﬁﬁaﬂﬁau
NANUD Y LHRD xﬁwﬁﬁgmvwnﬁwﬂwﬂﬁvuwauﬁwﬁaanawnﬁvuwauuaaLwaﬁ Taum anqufuda
.auqaavtﬁﬂﬁﬂ1ﬁﬁasﬁotiawﬁﬁTiﬂunﬂvqniutﬁunﬁuﬁ widnd s Sul R Anannne L dn
ﬂnﬁauqasuwiwalﬂaﬁo 2 ludasiaamiie n uasanwustéau1nwﬁ}“q 1q dﬁﬂeﬁauqa

UDIUDILWAIMALANTE (vapor-liquid equilibrium constant) wandlelduded -

N i
"

#1
i
+

i K = (yA/xA)‘ (5.26)

Lﬁa i = represent each individusl specific concentration ratio
at a given temperature and pressure
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/m” (1 gal/Mft° = 0,1337 litre/m”)

fdnTdnt  uiafulrdulamnT ety 51u1uavaae&wdanﬁuuﬁaﬂﬂ?uwmsuaeﬁﬁm
RoMianiaELIa Tud -

s

GQI/sD°Q_ = 2,553 x 10" (L/G) /D" drops/cm”  (6.7)

Tﬂﬂﬂ D aﬂquwuvﬂ1un19u (aum) ﬂﬁquﬂﬁTWQHWGQWQu uanaawuauwuaaeuwnaan
HWﬂﬂlﬂuﬂlNﬂT ﬂu1ﬂﬂﬂ1 L/G uat D a9 9

Drops per cubic centimeter

L/G  gal/MPLY 2 10 20
D = 100 am 511 2553 5106
200 am 64 119 G0
400 um 8 40 80
800 am 2 5 10

Lunrrdniaufiin 017?Mt01ﬂuﬂﬂﬁm8ﬂ?1 1 D i’ vty A1dnTarunaT ina
L/G ratic @9 4 asaoouwavaﬂnuaﬂﬁcwuwuuuuwn qunxsnonw1ﬁunuuaun1111unanu
Wy Coalescence auuTanwaunﬂuuWﬂ auumsnuuan 2 n11017moumnunau1uxﬁu1ﬂ
matule n11nwa1u1n " nmwunauwawaquwnuwnauaaauw D 1Anas  heslawanTafy

nwu ADUUA D avqmemnu waﬂn11n1owuntwuwvaunau1utﬁutaunwamwunﬂﬁﬂta117
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uUnNM 7
nwsnnuwuﬂssaneawun119ntnnduauaaamauuﬁﬂduauaaaﬂqnnauuutnas

(Prediction of Dust Collection Efficiency per Dust size by conputer)

(TﬂfnﬁaﬁwmwQTﬂTunvu 1 Tuntadnlddrenaunam

]
QWﬂﬂQHﬂﬂﬁTlﬂﬂﬂﬂd“ﬂ#ﬂﬂﬂﬂﬂﬁﬁﬂ?ﬂ?ﬂﬂu uREQWﬂﬂQﬁﬂquﬂﬁﬂOﬂWTﬂTUﬂﬂﬂlﬂﬁqﬁ

ﬁﬂlﬂ?d@ﬂﬁﬂaﬁﬂﬁﬂuuu lTWﬂWNW?ﬂuWNWLﬂﬂﬂlﬁ“Tﬂ?“ﬂTNlNDﬂW“Q“ﬂWuﬁﬂﬂ78ﬂﬂﬁﬂ1N
d v
ﬂﬁTlﬂUﬂﬂduﬂ¥80015 Tﬂﬂl?ﬂﬂﬂﬂﬁ?ﬂﬂﬂ?lﬂﬂﬂ“ﬁﬂﬂﬂﬂﬁdﬂﬂﬂﬂ@ﬂﬂ?ﬂﬂﬁ?Lﬂaﬂuﬂﬁﬂﬁﬂu

wuﬁuuuuaeduauaaq (Particle Density) uautﬂaﬂuuﬂaeuuWﬂnaaduaLaae Taan

I)

msaunmuwmﬁumﬂuﬂnma (Particle Diameter) mum 0.01 am \lﬂaunwmﬂ

{00 Am  HuMOUANS 9 TumaawnlirunTadonani S - -

&

t. wasanmatrsmalilsuniauds 1dunslididudsine 4 Cinput) Fodieed
- Quantity of water iimiFuasniniTivatesinfierandnsennia

- Quantity of air Lﬁuﬂvuwuamvwnw¢1wanaoawnﬁﬁnavnnnsaﬁe

- Air density viuArarramuwintesoana 1ﬁtwan11ﬂnu1u

- Water density Viudmnamwinre st e duedne  Seorassiinn

unnA1alal drmandiniTldansidalinfen catalysts) 1drldiae
‘ - Particle Diameter LﬁunﬁnqwuwuwuuuuaeduauaaenLwﬁaula Fonune
A27397 lTﬁﬂﬁNﬁTﬂlﬂBﬂﬂTﬂLﬂﬂﬂﬂﬂd%ﬂzaﬂﬁﬂl?ﬁﬂﬂ1ﬂﬂvLﬂﬂﬂﬂ1ﬂ TaanTiauAns

- Water Viscosity Lﬁuﬂﬁﬂawuwuﬂuaauw T4 fion7dnuan tiuaeatuiy

A1 water demsity fNotvvedAunnAnell nﬁWWHUHWTqﬂﬂWTlTGﬂﬂnTHW (Catalysts)
(11 1idae

. = Air Temperature lﬁ“ﬂﬁﬂ?ﬁﬂ“ﬂﬂﬂﬂﬂﬂ@ﬂaﬁﬂﬁﬂ 1ﬁlﬂ0ﬂ17ﬂﬁu1ﬂ

toy

- Tower DiQpeter lﬁuﬂﬁﬂuﬁﬂlﬂuwﬁﬂuﬂﬂaﬁﬂﬂOO%ORWGﬂaﬂaﬂﬂTm
~ Tower Height lﬁuﬂﬁﬂuﬁﬂﬂ1ﬂuﬂ0ﬂaﬁﬂaﬂﬂGﬂﬂﬂﬂﬂﬂ?ﬂ

1
i

-
v
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Cunion 10-100 dsenialdsunsa, usTien 110-190 I¥adaullasng 9
f

Pt

2. fEINMITIRAIRINITANG 0 uda avxﬂunwwnwuuﬂﬂﬂﬂannwo ",. ﬁoﬂuﬂuﬂa
nuwnﬁuﬁuaeﬁnenqn (Fan Area) ,ﬁuﬁnanannaiw??ﬂno 2 ndzdunu (Nozzle ares)
AMLTIAINILOIUN  (Surface Tension)  AINUING 2 MUY 9N IRLTINTIVAN
noqnawuuTanaaawnwauavu1n1waaﬂnﬁa1uoﬂﬂ7m1ﬂ Tﬂﬂonﬂﬂnannﬁsﬂaeaunwwﬂawuna
1594 (Continuity equation) nvwamswnws‘na madlalranian1d) aumaenenaﬂ
LaND 1u1ﬁaswqw731ﬂ1u1m1nauﬂuqn 1 Tusvuuiln (eny control Volume in open
system) uavnwaanTuﬁaou ﬂatﬂun11ﬂ1un1ﬂﬂ1m1uﬂ1uasﬂ1ﬂenmwo | flalaly

(uTTif 200-240 AwuaRAH L UTTRRR 250-400 rEniARnsg 7

v @

3. UUNDUNTAIUIM t1umuawnn111w07ﬂuuu WA2IUTOUNITATLIN Tnﬂxﬂaﬂu
uﬂaouuﬁntauuﬁﬂuana1enaoann (Particle Diameter) 370 0.01 am 1Usuf¢ 100
am Tpadnafiay 2um (ﬂwnﬂﬁuuawuwvntﬂaﬂuuﬂaaiﬂtwa1ﬁ1ﬂuauanautaﬂﬂﬂauu) 7974
masuaniiet AUNITA1Y 0 1ﬁa1nnqvﬂn11tnuﬂnduauaao

~ %A1 Reynold's Number (Re) mﬂuaunwvﬁ 4.7

- WM Delte (&) maaan1Th 4.20 (3ol4lu Kundsen no. (kn) 1iowian
Cunningham 's Correction Factor (C)

- ¥1A1 Knudsen no. (Kn) ﬂﬁuaunﬁiﬁ 4,17

- ﬁﬁﬁﬁ Cunningham 's Correction Factor (C) mﬂuaun11ﬁ 4,19

- NNURAT ¥ RQVdWﬂG%ﬂDO Boltzmann (Boltzmann's Constant)

- %A1 AMNANITALUNITUNTNTEINY (Diffusivity D) mwuaunﬁvﬁ 4,29

- %181 Schmidt's number (Sc) T 3 1

- %@ Termtnal setting velocity (V) Tﬂﬂﬁxéau1ﬂn1ué1 Reynold's

No. nﬁum11wauauaunﬂ1n 4,14 TnﬂnﬂewunTﬂvunTNﬂaﬂ Tuusstinf 760-800 mANED4
214 aruing |

- Wﬂﬂﬁ ﬂuﬂﬂtauwwnuanawauaowamauaaﬁuﬁ (Water Droplet Diameter d*)
ﬂﬁNﬂUﬂﬁTﬂ 4,38

- #1A" Aﬂ?&%ﬂ%ﬂﬁﬂ1ﬂﬂﬁ7ﬂﬂfﬂ18%1ﬂ (Diffusion Efficiency §

diff.,

B
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AINAUNITN 4.31

3
by

~ ¥IAT Impsct no. () MINANNNTH 4.25 R
» I:‘
.

- @ Impact Efficiency ., ___.) mquaunqqﬁ!_tx.zs

l

. |
- ﬂﬁuQuﬂﬁ ﬂvvanﬁnWNHWTtnunnﬁmn (Overall Collection Effciency,

5, ) nnacnﬂvnsﬁu1ﬂ MAANNNTR 5. 4 noonqvqnw1ﬂ7uﬂnm1ﬁnutﬂ7aaaﬁeaﬂnﬁﬂ

WAIINATIBIBLATIUR quﬁuﬁwaaanuwmwunuwa?nndwa 1 ¥A1eenan L TuIfy 4
A1 AoAN Diffuszvﬁty, Diffusion Efficiency, Impsct Efficiency uay
Overall Effciency. awnuuauvauulﬂauunuwntauwwﬂuﬂnawaumn WAIMINTAN
wantoulua aunanasﬂvunnuuwﬂunnmﬁunmaonwv Lﬁun17auTﬂ1un1un71nwqwuﬂwuvu

nﬁuwaﬂvsanﬂnwwn11Lnumﬂduavaaqnmwnuwuwuwuuuwue 9 nwunmaon17
<u11nﬂn 410-750) \
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10 REM solving spray tower 's dust collection efficiency v.s. dust size

20 CLS : KEY OFF : LOCATE 2,5 : PRINT "SOLVING SPRAY TOWER'S DUST COLLECTION EFF
ICIENCY ACCORDING TO DUST SIZE"

30 PRINT : PRINT " This program is used for evaluating Spray tower. dust col
lection efficiency which depended on collected dust diameter. It is developed i
n HBASIC language, as a part of AIR WASHER project of 4th yr M.E. students, KMIT
L. i yo
40 LOCATE ,45 : PRINT "Sutthiphong Srigrarom 33100429"

50 LOCATE ,45 : PRINT "Panurat Dumrongthai 33100285" . '
60 LOCATE ,45 :.PRINT "Saydim Sanguanrum 33100403"
70 LOCATE ,47 : PRINT "4th year M.E. students, KMIT'L"

80 REM declaration and inpit'data

90 PRINT : PRINT " (This prdgram we input various characteristic and size variab
les, and vary dust diameter for evaluation of overall efficiency of spray tower
in collecting dust of that size)"

100 PRINT : INPUT "press any key to continue";Q : CLS : PRINT "INPUT STAGE" : PR
INT

110 INPUT "input water volume flow rate (m*3/sec) please ";QTYWATER

" 120 INPUT "input air volume flow rate (m~3/sec) please ";QTYAIR

130 INPUT "input ambient air density (g/m~3) please ";RHOAIR

140 INPUT "input spraying water density (g/m”~3) please ";RHOWATER
15quNPUT "jinput dust particle density (g/m~3) please " ;RHOPART

160 INPUT "input spraying water viscosity (g/m sec) please ";MUWATER
170 INPUT "input ambient air temperature (Kelvin) please ";TAMBIENT
180 INPUT "input spray tower, diameter (m) please ";DIATOWER

190 INPUT "input height of tower (m) please ";HIGTOWER

200 LET FANAREA = .02945243114%

210 LET NOZLAREA = .00000025#

220 LET SURFTENS = 72.8%

230 LET VELAIR = QTYAIR/FANAREA

240 LET VELWATER = QTYWATER/NOZLAREA : PRINT

250 CLS : PRINT "DECLARATION +WHEN ALL VARIABLES ARE THE FOLLOWINGS" : PRINT
260 PRINT "QUANTITY OF WATER ";QTYWATER;" m"3/sec"

270 PRINT "QUANTITY OF AIR "sQTYAIR;" m~3/sec"

28Q PRINT "AIR DENSIT¥% L] ";RHOAIR;" g/m~3"

290 PRINT "WATER DENSITY " . RHOWATER; " g/m*3"

300 PRINT "PARTICLE DENSITY " . RHOPART;" g/m”3"

310 PRINT "WATER DYNAMIC VISCOSITY " :MUWATER;" g/m sec"

320 PRINT "AMBIENT AIR TEMPERATURE " . TAMBIENT;" K"

330 PRINT "TOWER ’'S DIAMETER " :DIATOWER;" m"

340 PRINT "TOWER 'S HEIGHT " :HIGTOWER;" m"

350 PRINT "AREA OF INDUCE FAN "« FANAREA;" m~2"

360 PRINT "AREA OF WATER NOZZLE " NOZLAREA;" m~2"

370 PRINT "INLET AIR VELOCITY " VELAIR;" m/sec”

380 PRINT "INLET WATER VELQCITY " . VELWATER;" m/sec"

39QHPRINT "WATER SURFACE TENSION " . SURFTENS;" erg/cm”~2"

400" INPUT Q ;

410 REM calculation stage,and result printing stage

420 CLS : PRINT "CALCULATION DATA"

430 PRINT : PRINT MR RAERRE R R R AR KRR R AR RN R R AR R R AR R AR KR AR R R R KRR AR L
SREEREERRERRRRRERER"

440 PRINT " PARTCLE DIA. DIFFUSIVITY DIFFUSION EFF. ;EMPACTION EFF. OVERAL

WonowonoNon B ononuRnn

. L EFF."

450 PRINT "tt*#tyt##t%*t#tt#**#*****#**t****###*#*#**#*#**#ﬁﬁ#**ttt#####t##t&*t*
'STI131113 '

460 FOR I = 1 TO IOOOQ STEP 500

470 LET DIAPART = 1*(10°(-8))

480 LET REYNOLQ = (RHOWATER*VELWATER*DIAPART)/MUWATER

490 LET DELTA = MUWATER/(.004999*VELWATER)

500 LET KNUDSEN = 2*DELTA/DIAPART

s
>~



510
520
530
540
550
560
570

a

580
590

»600

610
620

i ’ 8.
fe

LET CUNNING = 1+(KNUDSEN*(1.257+(.4*EXP(—1.l/KNUDSEN))))

LET PI = 3.1415926534

LET KBOLZMAN = 1.38%10"(-20)

LET DIFUSVTY (CUNNTNG*KBOLZMAN*TAMBIENT)/(3!*PI*MUWATER*DIAPART)

LET SCHMIDT = MUWATER/(RHOWATER*DIFUSVTY) o 1

LET G = 9.810001% ol

IF REYNOLD < .1 THEN 770 : REM laminar flow proposed by Stokes ' !

IF REYNOLD > 1000 THEN 800 : REM turbulent flow proposed by Milliken

IF REYNOLD < .5 THEN 820 : REM transition proposed by Oseen

IF REYNOLD < 3! THEN 850 : REM transition proposed by Schiller & Neumann

GOTO 880 : REM 3.0 < Re < 1000 transition proposed by Klyachko

LET DIAWATER = ((Ssshl(VELAIR-VELWATER))*SQR(SURFTENS/RHOWATER)+((MUWATER/(S

URFTENS*RHGWATER))“n45)*(((1000!*QTYWATER)/QTYAIR)“I.S))*10“(-5) '

630

LET DIFEFFCY = 1—((DIFUSVTY/(DIATOWER*VELSETTG))*2*((l/PI)+(.55*(SCHMIDT“(1/

3))* (REYNOLD*.5))))*10"6

640 LET IMPACT = SQR((CUNNING*RHOPART*VELSETTG*((DIAPART*10“7)“2))/(18!*MUWATER*
DIATOWER))

650 LET DIARATIO = DIAPART/DIATOWER )

660 LET IMPEFFCY = 1-EXP((—1)¥((.018/DIARATIO)*(IMPACT“(.5+DIARATIO))-(.6¥(DIARA
T10%2)))) :

670 LET OVRALEFF = (2*(EXP((3/2)*(VELAIR/VELWATER)*(QTYWATER/QTYAIR)*(HIGTQWER/D

éIATOWER)*IMPEPFCY*DIFEFFCY)~1)*10“4)—.1
680 PRINT DIAPART,DIFUSVTY,DIFEFFCY, IMPEFFCY,OVRALEFF

690

NEXT 1

. 700 PRINT MARERRERR AR AR R R R KRR KRR KA RN R AR R AR R IR AR AR A AR RRRRR R R RRRR TR RN
TIIIIIIIII

»

710
720
730
740
750
760
770
780
790

-~ 800

810
820
830
))

840
850
860
))

870
880

2890

))
900

PRINT : LOCATE ,45 : PRINT "Sutthiphong Srigrarom 33100429"

LOCATE ,45 : PRINT "Panurat Dumrongthai 33100285"

LOCATE ,45 PRINT "Sayam Sanguanrum 33100403"

LOCATE ,47 PRINT "4th year M.E. students, KMIT'L"

END

REM subprogram for calculating setting velocities upon Reynold numbers
LET BETA = (DIAPART"Z)*(RHOPART—RHOWATER)/(18*MUWATER]

LET VELSETTGC = (pUNNING‘((BETA*2)~SQR((BETA“Z)~(4*BETA*VELWATER)))/2

GOTO 620 . .

LET VELSETTO = CUNNING*SQR((3.0303*DIAPART*(RHOPART—RHOWATER)*G)/RHOWATER)

.
.
.
.

.GOTO 620

LET CD = (24/REYNOLD) + 4.5 :
LET VELSETTG = CUNNING#*SQR(((4/3)*DIAPART#* (RHOPART~RHOWATER)*G)/ (RHOWATER*CD

GOTO 620
LET CD = (24/REYNOLD) + (3.6/(REYNOLD".313))
LET VELSETTG = CUNNING*SQR(((4/3)*DIAPART*(RHOPART~RHOWATER)*G)/(RHOWATER*CD

GOTO 620 ' ,
LET CD = (24/REYNOLD) + (4/(REYNOLD"(1/3)))
LET VELSETTG = CUNNING*SQR(((4/3)*DIAPART*(RHOPART-RHOWATER)*G)/(RHOWATER*CD

GOTO 620
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SOLVING SPRAY TOWER.S DUST COLLECTION EFFICIENCY ACCORDING TO DUST SIZE

This program is used for evaluatin
which depended on collected dust diameter.
as 'a part of AIR WASHER project of 4th yr M.E.

* %

Fd
k]

(This program we input varioué character
diameter for evaluation of overall effi

of .that size)

press ahy key to continue?

INPUT STAGE

o
input
input

: input
input
input
input
input
input
input

-
-

- ®

Sutthiphong
Panurat
Sayam

4th year M.

DECLARATION ,WHEN ALL VARIABLES ARE THE FOLLOWINGS

QUANTITY OF WATER ‘

QUANTITY OF AIR

AIR DENSITY

WATER DENSITY

PARTJICLE DENSITY |
WATER DYNAMIC VISCOSITY
AMBIENT AIR TEMPERATURE
TOWER 'S DIAMETER :
JOWER 'S HEIGHT

AREA OF INDUCE FAN

AREA OF WATER NOZZLE
2INLET AIR VELOCITY
INLET WATER VELOCITY
WATER SURFACE TENSION

?

nuuanwenuuwnnnwn

2.91854E-03 m"3/sec
.0424115 m~3/sec
1292,891 g/m"3
999870 g/m"™3
1500000 g/m"3
1.7921 g/m sec
305.15 K
.45 m

1.8 m
2.945243E-02
2.5E-07 m*2
1.44 m/sec
11674.16 m/sec
72.8 erg/cm™2

m"2

8 Spray tower dust collection efficiency
It is developed in HBASIC lan
students, KMIT'L.

Srigrarom 33100429
Dumrongthai 33100285
Sanguanrum 33100403
E. students, KMIT'L

istic and size variables, and vary dust
ciency of spray tower ih collecting dust

water volume flow rate (m“3/sec) please ? 0.00291854
air volume flow rate (m"“3/sec) please ? 0.0424115
ambient air density (g/m"3) please ? 1292.891
spraying water density (g/m"3) please ? 999870
dust particle density (g/m"3) please ? 1500000
spraying water viscosity (g/m sec) please ? 1.7921
ambient air temperature (Kelvin) please ? 305.15
spray tower diameter (m) please ? 0.45

height of tower (m) please ? 1.80

LW

guage, -



'CALCULATION ﬁATK

-

Py

5,
a

3

t#t*###*#t*##*k*##r‘#*#’#**#**##***##***#**#**#

PARTCLE DIA. ! DIFFUSION EFF.

1E-09
2E-09
3E-09
4E-09
5E-09
6E-09
7E-09
8E-09
9E-09
1E-08
1E-08
2E-08
3E-08
4E-08
5E-08"
6E-08
7E-08
8E-08'
9E-08
.0000001
.0000001
.0000002
.0000003
0000004
.0000005

® .0000006

,9.0000013—06

.0000007
.0000008
.0000009
.000001
.000001
.000002
.000003
.000004
.000005
.000006
~.000007
.000008

.00001

*****##*##*#*t#t******#**#***#**t#****#****t*********#*

Sutthiphong Srlgrarom
Dumrongtha1 33100285
Sanguarifum. 33100403
nts,‘KMIT L

Panurat
Sayam

4th year M. E».studr
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1.585788E%03
1.014904E-03
7.047946E-04
5.178082E-04
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3.13242E-04

2.53726E-04

2.53726E-04

6.343153E-05
2.819179E-05
1.585788E-05
1.014904E-05
7.047948E-06
5.178084E-06
3.964471E-06
3.132422E-06
2.537262E-06

-2.537262E-06

6.343157TE-07
2.819182E-07
1.585791E~-07
1.044907E-07
7.047968E-08
5.178102E-08
3.964486E-08
3.132435E-08
2.537274E-08
2.537274E-08
6.34322E-09
2.819224E-09
1.585823E-09
1.014932E-09
7.048177E-10%
5. 178282E 10
3. 9646443-10

2.5374E~10

M

i
ln

i

1

)

4
i
|

-11.4447

-3.089182
-1.250247
-.5758915
-.2058348

1.697904E-02
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.2696335
.3478077
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.834286
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.8685473
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QUANTITY OF WATER -
QUANTITY OF AIR
AIR DENSITY
WATER DENSITY
WATER DYNAMIC VISCOSITﬁ
AMBIENT AIR TEMPERATURE:
TOWER DIAMETER
TOWER HEIGHT

;'"?
L

In
4

"
H

.a'

2
6~

0.002918 m~3/sec

0.042411 m"3/sec

1292.891 g/m"3
999870 g/m"3
1.7921 g/m sec
305.15 kelvin

0.45 m
1.8 m

37
Calculation for overall:effciency while varying Particle: Diamet .

RHOPART 11500 2000 2500 3000 3500 4000
(kg/m"3) s
DIAPART (microns) )

0.01  0.314 0.4912 0.5699. 0.6176 0.6486. 0.6724
0.02 ~ 0.5747 0.6748 0.7201 0.7463 0.7654 0.7773
0.03 0.6605 0.7344 0.7678 0,7893 0.8036 0.8131
0.04 0.7034 - 0.7654  0.794 0.8107. 0.8226 0.8298
0.05 0.7296 0.7845 0.8107 0.825 0.8346 0.8417.
0.06 0.7487 0.7988 0.8202 0.8346 0.8441 0.8489
0.07 0.763 0.8083 0.8298 0.8417 0.8483  0.856
0.08 0.7743. 0.8179 0.8363 0.8465 0.8536 0.8608
0.09 0.7845 0,825 0.8417 0.8512 0.8584 0.8632
0.1 0.7916 0.8298 0.8465  0.856 0.8632 0.8679
0.2 Q0.825 0.8536 0.8655 0.8727 0.8775 0.8799
0.3 0.8363 0.8608 0.8727. 0.8775 0.8822_ 0.8846.
0.4 0,8465 0.8679 0.8751 0.8822 0.8846 0.8894
0.5 0.8512 0.8703 0.8799 0.8846  0.887. 0.8918
0.6 0.8536 0.8727 0.8822 0.887 0.8894 0.8918
0.7 0.8584 0.8751 0.8846° 0.8894 0.8918 0.8942
0.8 0.8608 0.8775 0.8846 0.8894 0.8918 0.8942
0.9 0.8632 0.8799  0.887 0.8918 0.8942 0.8965
1 0.8655 0.8799  0.887 0.8918 0.8942 0.8965
2 0.8751 0.8894 0.8942 0.8965 0.8983 0.9013
3 0.8822 0.8918 0.8965 0.8989 0.9013 0.9037

4 0.8846 0.8942 0.8989 0.9013 0.9037 0.9037

5 0.887 0.8965 0.9013 0.9037 0.9037 0.9061

6 0.8894 0.8965 0.9013 0.9037 0.9061 0.9061

7 0.8894 K 0.8989 0.9013 0.9037 0.9061 0.9061

8 0.8918 :0.8989 0.9037 0.9061. 0.9061 0.9085

9 0.8918 :0.9013 0.9037 0.9061 0.9061 0.9085

10  0.8942 ,'0.9013 0.9037 0.9061 0.9085 0.9085
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QUANTITY OF WATER > 0.002918 m“3/sec

QUANTITY OF AIR . 0.042411 m"3/sec

AIR DENSITY . 1292.891 g/m"3

WATER DENSITY . 999870 g/m"3

WATER DYNAMIC VISCOSITY.”  1.7921 g/m sec

AMBIENT AIR TEMPERATURE &= 305.15 kelvin

TOWER DIAMETER t 0.45 m . :
TOWER HEIGHT ; 1.8 m . -

Calculation for overaJ]ﬁéffciency while varying Particle Diameter and Pa - -~

o
PN

RHOPART 4500 5040 5500 6000 6500 7000 7500

(kg/m~3)

DIAPART (microns) R e
0.01 0.6915 0.7058 0.7177 0.7273 0.7368  0.744 0.7511
,0.02 0.7893 0.7964 0.8036 0.8107 0.8155 0.8202 0.8226
0.03 0.8202 0.8274 0.8322 0.8369 0.8333 0.8441° 0.8465
0.04 0.8369 0.8497 0.8465 0.8512 0.8536° 0.856 0.8584
0.05 0.8465 0.8512 0.856 0.8584 0.8608 0.8632 0.8655.
0.06 0.8536 0.8584 0.8632 0.8655 0.8679 0.8703 0.8727
0.07 0.8608 . 0.8632 0.8679 0.8703. 0.8727 0.8751 0.875%

0.08 0.8658 0.8679 0.8703 0.8727 0.8751 0.8775 0.8799
0.09 0.8679 0.8703 0.8751 0.8751 0.8775 0.8799 0.8822
0.1 0.8703 0.8751 0.8775 0.8775 0.8793 0.8822 0.8846
0.2 0.8846 0.8846 0.887 0.8834 0.889%4 0.8918- 0.8918
0.3 0.887 0.88%4. 0.8918 0.8942 0.8942 0.8942- 0.8965
0.4 0.8918 0.8918 0.8942 0.8965 0.8965 0.8965 0.8989
0.5 0.8918 0.8%942 0.8965 0.8965 0.8983 0.8983 0.8989
0.6 0.8942 0.8365 0.8965 0.8989 0.8989 0.8013 0.9013
0.7 0.83%65 0.8965 0.8983 0.8983 0.9013 0.9013 0.9013
0.8 0.8965 0.,8989 0.8989 0.9013 0.9013 0.9013 0.9013
0.9 0.8965 0.8989 0.8989 0.9013 0.9013 0.9013 0.9037
1 0.8989 0.8989 0.9013 0.9013 0.9013 0.9037 0.9037

2 0.9013 0.9037 0.9037 0.9061 0.9061 0.9061 0.9061

3 0.8037 0.9081 0.9061 0.9061 0.9085 0.9085 0.9085

4 0.9061 0.9061. 0.8085 0.9085 0.9085 0.9085 0.9085

5 0.9061 0.,9085 0.9085 0.9085 0.9085 0.9085 0.9108

6 0.%085 0.9085 0.9085 0.9085 0.9085 0.9108 0.9108

7 0.9085 0.9085 0.9085 0.9108 0.9108 0.9108 0.9108

8 0.9085 0.9085 0.9085 0.9108 0.9108 0.9108 0.9108

9 0.9085 0.9085 0.9108 0.9108 0.9108 0.9108 0.9108
10 0.9085 0.9?98 0.9108 0.9108 0,9108 0.9108 0.9108

it
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QUANTITY OF WATER 0.0023818 m"3/sec

QUANTITY OF AIR | { .+ 0.042411 m"3/sec
AIR DENSITY ‘§;‘ 1292.8391 g/m"3
WATER DENSITY .. 999870 'g/m*3

WATER DYNAMIC VISCOSITY  1.7921 'g/m sec
AMBIENT AIR TEMPERATURE ~  305.15 kelvin
TOWER DIAMETER bos 0.45 m

TOWER HEIGHT :‘{ , 1.8 m

Calculation for overaﬂ;j:g,ffciency while varying Partic

RHOPART 8000 8500 9000 9500 10000

(kg/m"3) '
DIAPART (microns)

0.01 0.7583  0.763 0.7678 0.7726 0.7773

0.02 0.8274 0.8298 0.8322 0.8346 0.8369

0.03 0.8483 0.8512 0.8536  0.856 0.8584

0.04 0.8608 0.8632 0.8655- 0.8655 0.8679

0.05 0.8679 0.8703 . 0.8727 0.8727 0.8751

0.06 0.8727 0.8751 0.8775 0.8775 0.8799

0.07 0.8775 0.8799 0.8799 0.8822 0.8822

0.08 0.8793 0.8822 0.8822 0.8846 0.8846

0.09 0.8823 0.8846 0.8846 0.887  0.887

0.1 0.8846 0.887 0.887  0.887 0.8894

0.2 0.8942 0.8942 0.8942 0.8965 0.8965

0.3 0.8965 0.8965 0.8983 0.8989 0.8989

0.4 0.8983 0.8989 0.9013 0.9013 0.9013

0.5 0.9013 0.9013 0.9013 0.9013 0.9037

0.6 0.9013 0.9013 0.9037 0.9037 0.9037

0.7 0.9013 0.9037 0.9037 0.9037 0.3037

0.8 0.9037 0.9037 0.9037 0.9037 0,9061

0.9 0.9037 0.9037 0.9037 0.9061 0.9061

1 0.9037 0.9037 0.9061 0.9061 0.9061

2 0.9061 0.9085 0.9085 0.9085 0.9085

3 0.9085 0.9085 0.9085 0.9085 0.9108

4 0.9085 0.9108 0.9108 0.9108 - 0.9108

5 0.9108 0.9108 0.9108 0.9108 0.9108

6 0.9108 0.9108 0.9108 0.9108 0.9108

7 0.9108 0.9108 0.9108 0.9108 0.9108

8 0.9108 0.9108 0.9108 0.9132 0.9132

9 0.9108 0.9108 0.9132 0.9132 0.9132

10  0.9108 0.9132 0.9132 0.9132

0. 91;32
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QUANTITY OF WATER
QUANTITY OF AIR
AIR DENSITY
WATER DENSITY
PARTICLE DENSITY

WATER DYNAMIC VISOOSITY
AMBIENT AIR TEMPERATURE

TOWER HEIGHT

’}v

0.002918 m"3/sec

0.042411 m~3/sec
1292.891 g/m"3
999870 g/m"3
1500 kg/m~3

1.7921 g/m sec
305.15 kelvin

1.8 m

Particle Diameter Diameter of Tower

DIATOWER 0.3 0.45 0.6
(m)

DIAPART (microns)

0.01 0.007166 0.3148 0.3243

0.02 0.655 0.5747 0.4698

0.03 0.844 0.6605 0.5175

0.04 0.941 0.7034 0.5437

0.05 1 0.7296 0.558

0.06 - 1 0.7487 0.5699

0.07 1 0.763 0.5771

0.08 o1 0.7743 0.5842

0.09 1 0.7845 0.589

0.1 1 0,7916 0.5937

0.2 1 0.825 0.6128

0.3 1 0.8369 0.6176

0.4 1  0.8465 0.6224

0.5 1 0.8512 0.6247

0.6 1 0.8536 0.6271

0.7 1 0.8584 0.8295

0.8 1 0.8608 0.6319

0.9 1 0.8832 0.68319

1 1  0.8655 0.6343

2 1 0.8751 0.639

3 1 0.8822 0.6438

4 1 0.8846 0.6438

5 1 0.887 0.6462

6 1 0.8894 0.6462

7 1 0.8894 0.6486

8 1 0.8918 0.6486

9 1 0.8918 0.6486

10 1 0.8942 0.651

"

. +

CR

R

0.



QUANTITY OF AIR
WATER DENSITY

. PARTICLE DENSITY

" AIR DENSITY

WATER DYNAMIC VISOOSITY

, 0.042411 m"3/sec

if}
#
f

[

* AMBIENT AIR TEMPERATURE |

939870 g/m”3
1500 kg/m"3

, 1292,791 kg/m"3

1.7921 g/m sec
305.15 kelvin

TOWER DIAMETER - 0.45 m
- TOWER HEIGHT i 1.8 m
]
Particle Diameter Quantity of water
QWATER 0.001 0.002918 0.005
m~3/sec |
DIAPART (microns)
o 0.01 0.4531 0.3148 0.1717
0.02 0.6963 0.5747 0.465
0.03 0.7631 0.6605 0.5675
- 0.04 0.7941 0.7034 0.6224
0.05 0.8131% 0.7296 0.6581
0.06 0.8251 0.7487 0.6846
0.07 0.8364 0.763 0.7034
0.08 0.8418 -0.7748 0.7177
0.09 0.8465®* (0.7845 0.7273
N 0.1 0.8513 0.7916 0.7344
0.2 0.8751 0.825 0.7726
0.3 0.8823 0.8369 0.7916
> 0.4 0.883%4 0.8465 0.8036
0.5 0.8918 0.85]2 0.8131
0.6 0.8918 0.8536 0.8179
0.7 0.8942 0.8584 0.8226
0.8 0.8942 0.8608 0.8274
0.9 0.83968 0.8632 0.8322
1 0.8966 0.8655 0.8348
2 0.9014 0.8751 0.8512
3 0.9037 0.8822 0.8608
) 4 0.9037 0.8846 0.8655
- 5 0.9061 0.887 0.8703
6 .0.9061 0.8894 0.8727
& 7 0.9061 0.8894 0.8751
8 0.9085 0.8918 0.8775
8 0.9085 0.8918 0.8775
0 0.9085 0.8799

Y

0.8942

L
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QUANTITY OF WATER
QUANTITY OF AIR
AIR DENSITY
WATER DENSITY
PARTICLE DENSITY

WATER DYNAMIC VISOOSITY

wid

‘
Liw

};. :v

AMBIENT AIR TEMPERATURE

TOWER DIAMETER

0.002918 m~3/sec
0.042411 m~3/sec
1292.891 g/m”3
999870 g/m"3
1500 kg/m"3
1.7921 g/m sec
305.15 kelvin
0.45 m

Particle Diameter Heigﬁt of tower

HIGTOWER 1.5 1.8 2

(m) :
DIAPART (microns)

0.01  0.2457 0.3148 0.3625

0.02 0.4626 0.5747  0.651

0.03 0.5318 0.6605 0.7444

0.04 0.5699 0.7034 0.7916

0.05 0.5914 0.7296 0.8226

0.06 0.6081 0.7487 0.8441

0.07 0.62 0.763 0.8608

0.08 0.6295 0.7749 0.8727

0.09 0.6367 0.7845 0.8822

0.1 0.6438 0.7916 0.8318

0.2 0.6724 0.825 0.9275

0.3 0.682 0.8369 0.9418

0.4 0.6867 0.8465 0.9514

0.5 0.6915 0.8512 0.9561

0.6 0.6963 0.8536 0.9609

0.7 0.6987 0.8584 0.9633

0.8 0.701 0.8608 0.9681

0.8 0.7034 0.8632 0.3704

1 0.7034 0.8655 0.9728

2  0.713 0.8751 0.9848

3 0.7177 0.8822 0.9895

4 0.7201 0.8846 0.9943

5 0.7225 0.887 0.9967

6 0.7243 0.8894 0.3991

7 0.7249 0.8834  1.00%

8 0.7273 0.8918  1.001

9 0.7273 0.8318  1.003

10 0.7273 1.003

0.8942

H
. i
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QUANTITY OF WATER , . '' 0.002918,m"3/sec
QUANTITY OF AIR |[i| ' 0.042411,m"3/sec
AIR DENSITY |

WATER DENSITY

PARTICLE DENSITY
TOWER DIAMETER 0.45 m
TOWER HEIGHT. 1.8 m

i 1292,891:g/m"3
e 999870 g/m"3
1500. kg/m"3

Particlie Diameter Water Viscosity & Temperature

FRNEPEEN G-

sismmmwmane s

MUWATER (g/m sec) .« 1.5 1.6

1.7 1.7921 1.9 2

TAMBIENT (kelvin) 323.15 315.15 311.15 305.15 295.15 293.15
DIAPART (microns)

0.01 0.1837 0.2361 0.279 0.3148 0.3601 0.3863

0.02 0.4984 0.5294 0.5532 0.5747 0.60093 0.6176

0.03 0.6009 0.6247 0.6414 0.6605 0.6796 0.6915

0.04 0.6534 0.6724 0.689 0.7034 0.7201 0.72396

0.05 0.6867 0.7034 0.7177 0.7296 0.74414 0.7535

0.06 0.7106 0.7273 0.7392 0.7487 0.763 0.7702

0.07 0.7273 0.7416 0.7535 0.763 0.7749 0.7845

0.08 0.7416 0.7559 0.7654 0.7749 0.7869 0.794

0.09 . 0.7535 0.7654 0.7749 0.7845 0.794 0.8012

0.1 ® 0.763 0.7749 0.7845 0.7916 0.8012 0.8083

0.2 0.7988 0.8107 0.8179 0.825 0.8346 0.8393

0.3 0.8155 0.825 0.8322 0.8363 0.8441 0.8489

0.4 0.825 0.8322 0.8393 0.8465 0.8512 0.856

0.5 0.8322 0.8393 0.8465 0.8512 0.856 0.8608

0.6 0.8369 0.8441 0.8489 0.8536 0.8608 0.8632

0.7 0.8417 0.8483 0.8536 0.8584 0.8632 0.8655

0.8 0.8441 0.8512 0.856 0.8608 0.8655 0.8679

0.9 0.8465 0.8536 0.8584 0.8632 0.8679 0.8703

1 0.8489 0.856 0.8608 0.8655 0.8703 0.8727

2 0.8632 0.8679 0.8727 0.8751 0.8799 0.8822

3 0.8703 0.8751 0.8775 0.8822 0.88456 0.887

4 0.8751 0.8799 0.8822 0.8846 0.887 0.8894

5 0.8775 0.8822 0.8846 0.887 0.8834 0.8918

6 0.8799 0.8846 0.887 0.883%4 0.8318 0.8942

7 0.8822 0.887 0.8894 0.8894 0.8918 0.8942

8 ‘0.8846 0.8871 0.8894 0.83%18 0.8942 0.83965

9 0.8846 0.8894 0.8918 0.8918 0.8942 0.8965

10 0.887 0.8894 0.8918 0.8942 0.8965 0.8965

£n

ey o 2
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Particulate collection Etficiancy
Particle diameter v.s. Tower's Hezight
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(Experiments fopr building Air WAsher)

t

']
8.1 '-wnl‘n:'dgn tahjeoctivies)
, *

H,
i

. LwaﬂQ8ﬂ1ﬂﬂNﬂ17ﬂﬂaﬂaaﬂ uazanwauaeuauvTuawnwﬂnawnm AoR A1 Tua
vouwonlan (co), 10Tn1ﬂ11uaunwo N (HC) uasnwﬁntﬁuaan11ﬂvao1uTn1tau (NO )
Tnﬂnonunwaﬁwmwtﬁuquwuaanaetﬂattmumnaaﬂ1uww1 (Tua) sam

2. tﬁaﬁauﬁ@w1¢nnw1ﬁﬁewunaotﬂ?aoﬁweawnnmiﬁaao (performance) Wat

AUANHILATY 1 tﬁacﬁu fivanTenunolseangam Tunemi1 9151991 AF0987 901000
(Characteristlcs) 1ﬂﬂﬂ0

1

ﬂ?uwnvﬂaﬁwe (volume of spray chamber)

5n7ﬁnﬁ71ﬂa (CFM— Cubic Foot per Minute (volume flow rate))

ﬁﬁﬂuoeﬁvnieﬂan?ﬂw (catalyst type)

ﬁﬁﬂﬂadﬁﬁaﬂ (nozzle type)

an7naauﬂaaaauuauﬂaoaﬁsmenu (retio of inlet gas mlxtﬁ;él

Tﬂﬂ'ﬂ wunwa'nm { ﬂuﬂw%mmwaa lﬁ?i)\lﬂ'\ \101019\9"\'&0\1 1?‘)6)7]&’)3111’0361
ﬂ"l‘ﬂﬂﬂﬂﬂﬂtﬁﬂlﬂﬂ'ﬂﬂ 100% uauwmmwwnmewmnma Tﬂﬂi)‘!ﬂﬂ')ﬁﬂ']‘lﬂ‘wﬂuﬂ
mam (N177 m‘:'mmmmtmn LT 1791

r
LX 4

M ¢
8.2 1ﬂﬂ§ﬂﬂ7n (Equipnments)
9
o 2 ’ ° ¢ v 3 '
L. 1AT893799IN7M91899 (Air washer model) uargUnTaAtudRuA q 1aun

- I.FITEN’&'UWHLUUU.TQl“')ﬂ\muﬂuﬂﬂﬂ’lﬂ (Centrifugal- pump)

- tnvaeuﬂaa1ﬂﬁ1nfuuaaantﬁuntuuﬁnsa (A/D Converter)

k3]

Vi



¥
:;: N
Nozzle
.
T T T T ——
. 1 Water
2) -, VAter
Pump Column

U ‘(3 1 uamanumxmsmmmaﬂnsmma 9 uuLﬂsaqamn1ﬁﬂwsuauuau?n1ﬁﬂ
\ .’ E |
i mﬂmuuuamTuum ) | oo

i !
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(Conclusion Problems and Development)
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9.3 ﬁ!‘n'm'ﬁ'nﬂaac (Problems from the experiment)
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10 REM so1vin§’spray!tower 's gaseous po]1utant removal eff1c1ency
20 CLS : KEY OFF *: LQCATE 2,14 : PRINT "SOLVING SPRAY TOWER S GASEOUS POLLUTANT
REMOVAL EFFICIENCY”

30 PRINT : PRINT " This program is used for evaluat1n§'$pray tower Gaseous
Po11utant Rem09a1 efficiency. It is developed in HBASIC«1anguage, as a part of
AIR WASHER project of. 4th yr M.E. students, KMIT'L. g}

40 LOCATE 45" PRIN Sutth1phong Srigrarom 33100429" ﬁ
50 LOCATE '45ir PRINT, "Panurat Dumrongthai 33100285" !
60 LOCATE ,45 |: PRINT “Sayam | Sanguanrum 33100403
70 LOCATE ,47 | PRINT "4th year M.E. students, KkMIT'L" !
80 REM dec1arat1on and input data N
90 PRINT : PRINT " (This program we input various characte
1es,;and vary dust d1kmeter for evaluation of overall effic

-f:.

l
|
l
f
ristic and size variab
iency of spray tower
in collecting dust off that size)" 4 :
100 PRINT : INTUT pqess any key to continue":Q : CLS : PRIN
INT i
110 INPUT input inleit temperature (celcius,‘c) please " f MPIN :
120 INPUT "input outliet temperature (celcius,'c) please - TEMPOUT
130 INPUT 1nput concentrat1on of A in gas phase at inlet (1b moles/ft"3) please
;CAGIN 31
140 INPUT "input concentrat1on of A in liquid phase at 1n1et (1b moles/ft~3) ple
ase "CALIN i
150 INPUT “"input concentrat1on reduction percentade (%) p1ease’" PCNREDUC
160 INPUT "input tower 's diameter (ft) please “ DIATOWER.H'
170 INPUT “input tower ’s height (ft) please " ;HIGTOWER '];
1BO INPUT "input water volume flow rate (m~ 3/sec) please ";QTYWATER
180 INPUT "input air volume flow rate (m" 3/sec) please “;QTYAIR
200 INPUT 1nput molecular weight of solvent A (- ) please‘"*MA
210 INPUT "input molecular weight of solute B (-) 'please " MB
220 LET CAGOUT = (1~ PCNREDUC)*CAGIN ’
230 LET RHOWATER = 999870! : REM find sprayed water d1ameter
240 LET NOZAREA .00000025%
250 LET FANAREA .0294524311# T
260 LET SURFTENS = 72.8%
270 LET VELAIR = QTYAIR/FANAREA
280 LET VELWATER = QTYWATER/NOZAREA -
290 LET DIAWATER = ABS(((585!/(VELAIR- VELWATER))'SQR(SURFTENS/RHOWATER)+((MUWATE
R/(SURFTENS*RHOWATER))".45)+ *(((1000!*QTYWATER)/QTYAIR) "1, 55)'3 28044%)
300 LET MUWATER = 14
310 LET TG = .5# : LET TL = .01#
320 CLS : PRINT “"DECLARATION ,WHEN ALL VARIABLES ARE THE FOLLOWINGS" : PRINT
330 PRINT "inlet temperature yTEMPIN;" celcius”
340 PRINT “"outlet temperature '";TEMPOUT;” celcius”
350 PRINT "conc. of A 1in gas at inlet ";CAGIN;™ 1b moles/(ft"3)"
360 PRINT "conc. of A 1in gas at outlet ";CAGOUT;" 1b moles/(ft*3)"
370 PRINT "conc. of A in liquid at inlet “iCALIN;" 1b moles/(ft~3)"
380 PRINT “"tower diameter : "1DIATOWER; " ft"
380" PRINT “"tower height ";HIGTOWER;" ft"
400 PRINT "water density “;RHOWATER; " g9/m"~3"
410 PRINT "water surface tension "iSURFTENS;" erg/cm”
420 PRINT "velocity of air “;VELAIR;" m/s"”
430 PRINT "sprayed water droplet diameter " ;DIAWATER;" ft"
440 PRINT “"molecular weight of solute A " MA
450 PRINT "molecular weight of solvent B "+MB

“:*: - ﬁ:_-ﬁ

T "INPUT STAGE" : PR
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(Pred:ctlon of Gaseous Air Pollutant Removal by Computer)
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160

180
190
500
310
520
530
340
350
360
370
180

. H L
PRINT “"water viscosity

PRINT “"contact time in gas phase
PRINT “contact time in liquid phase
INPUT Q

REM calculation stage and result printing stage
CLS : PRINT "CALCULATION DATA" : PRINT g

“;TG;" sec” b

“:TL:" sec" b

" ;MUWATER;" centipoise”

M. .

LET HAGIN = 263*TEMPIN + 10100 : REM find log mean pressure diff.(PLOGMN)

LET HAGOUT = 263*TEMPOUT + 10100
LET HALIN = HAGIN

LET HALOUT = HAGOUT

LET CALOUT = CALIN

LET PAGIN = CAGIN*HAGIN
LET PALIN = CALIN*HALIN
LET PAGOUT = CAGOUT*HAGOUT
LET PALOUT = CALOUT*HALOUT
LET PDIFIN = PAGIN-PALIN

LET PDIFOUT = PAGOUT-PALOUT

LET PLOGMN = ABS((PDIFIN-PDIFOUT)/(LOG(PDIFIN/PDIFOUT)))/10000
LET PI = 3.141592654# : REM find actual contact area (CNTACTAR)

LET VOLTOWER
LET VOLWATER -

- PI*((DIATOWER/2)"2)*HIGTOWER
(4/3)*PI+*((DIAWATER/2)"3)

LET WTERSFAR 4%PI*(DIAWATER/2)"2

LET CNTACTAR (VOLTOWER/VOLWATER ) *WTERSFAR/(10°11)

LET TK = TEMPIN+273.15 : REM find Kg (KGG)

LET TR = ((9/5)%TEMPIN)+460

LET DABG = .0325*(TR".5)*(((1/MA)+(1/MB))".5)/(((VA~.5)+(VB~.5))"2)

LET DABL = 7.4'(10“(—8))‘((2.6‘MB)“.S)*TK/(MUWATER‘(VA’HG))
LET R = 82.05 : REM universal gas constant ;
LET KG {14800/ (R*TK) )*(DABG/(PI*TG))".5

LET KL 236 (DABL/(PI*TL))".5

LET KGG = 1/((10°9)*((1/KG)+(HAGIN/KL)))

LET NA = .1*KGG*CNTACTAR*PLOGMN : REM find rate of absorption (NA)

PRINT "log mean temperature difference
PRINT “contact area

PRINT "overall mass transfer rate " KGG

PRINT "rate of absorption "INA;" %"

PRINT : LOCATE ,45 : PRINT "Sutthiphong Srigrarom 33100429"

“"+PLOGMN:" atm”
";CNTACTAR; " ft~2"

" LOCATE ,45 : PRINT "Panurat Dumrongthai 33100285"

LOCATE ,45 : PRINT "Sayam Sanguanrum 33100403".
LOCATE ,47 : PRINT "4th year M.E. students, KMIT'L"
END
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)ECLKRATION » WHEN ALH VARIQBLES
( 4
inlet, temperature b |
sutlet temperature ; !
conc. of A in gas at' inlet
conc. of A 1in gas at outlet
conc. of A in liquid at inlet
tower diameter

tower height

nater density

nater surface tension

velociity of air

sprayed water droplet diameter
nolecular weight of solute A
nolecular weight of solvent B
nater viscosity

contact time in gas phase
contact time in liquid phase

?

CALCULATION DATA
3

Division

Division

dverfiow

log mean temperature difference

contact. area

overall mass transfer rate

rate of .absorption

by zero
by zero

m remera

iy em T

i
H

i
l

TOWER’% GASEOUS POLLUTANT REMOV

Sutthiphong
Panurat

‘ Sayam

' 4th year M.

ious character1st1c and size var1
overall efficiency of spray tOWer in collecting dust

H

ARE THE FOLLOWINGS
25 celcius

22 celcius

.54 1b moles/(ft"3)
.45036
.0001
1.5 ft
6 ft
999870 g/m”"3
72.8 erg/cm
1.44 m/s
1.402828E-03
28
18
1
.5
.01

1b moles/(ft"3)

ft

centipoise
sec
sec

.8042398 atm
4.534928E-07
1.793497€E£+08
6.541188 %

ft~2

Sutthiphong
Panurat
Sayam

4th year M
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Sr1grarom 33100429
Dumrongtha1 33100285
Sanguanrum 33100403
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CO reduction efficiency
varying Fe203 Concentration
JEXPERIMENT AL DATA

C0 conc. OO % vol CO % vol Efficienc

*(mo141)
0.0001 0.54 0.45 0.166666
0.0002 0.52 0.43 0.173076
0.0003 0.48 0.38 0.208333
0.0004 0.51 0.42 0.176470
0.0005 0.46 0.4 0.130434
0.0006 0.47 0.41, 0.127659
0.0007 0.51 0.44 0.137254
0.0008 0,54 0.47 0.129629
0.0009 0.5 . 0.44 0.12 . ot
* 0,001 0.44 0.37 0.159090 : o
~ 0.002 0.47 0.39 0.170212 ,
0.003 .5 4 . 0.2
¥ 0.004 0.53 0.37 0.301886 .
0.005 0.56 0.35  0.375 : . .
0.006 0.49 0.33 0.326530
0.007 0.48 0.32 0.333333
0.008 .5 9.3 0.4
0.003 0.46 0.29° 0.369565
. 0.01 0.47 0.28 0.404255
0.02 0.44 0.21 0.522727
_ 0.03 0.52 0.15 0.711538
" 0.04 0.49 0.16 0.673469 . : -
0.05 0.44 0.14 0.681818 ' ) Y
0.06 0.58 0.17 0.706896 I YI - :
0.07 0.52 0.12 0.769230 .
0.08 0.47 0.12 0.744680 A =
0.09 0.49 .1 0.795918
0.1 0.44 0.09 0.795454
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MANYIN (Appendix)

Length:
1 inch

{ mile

uauﬁaﬂmuﬂaanﬁva (Constants and Conversion Factors)
)

I
s

3

2.54 cm
5280 ft = 1609 m

il

L} )“[

1 micron = 10"  em = 10" ° n b

1 Angstrom = 107 ecm = 10 m

e -t0

lm=3.28 ft !
1 ft = 0,305 m

453.6- ¢ = 7000 grains = 16 oz
2000 1b

1 grain/ft® = 2,29 g/m”

Mass:
L 1b =
1 ton
Geometry:

circle ares = frz = 1d2/4

cylinder volume = n‘z x height

2 a
sphere area = 4¢pr° = gd

sphere volume = 4/3 tra = t/6 1da

viscosity:

l poise = 1 g/(cm sec) = sbsolute viscosity
L centipninn = N.NNNETI Th/(F anp)
1 stoke = cmzlsec = poise/p = kinematic viscosity

Acceleragtion:

g = 9.80665 m/sec” = 32.174 .ft/sec” at sea level

Pressure:

1 atm

Density of:

i

1.01325 bar = 1.01325 x 10° Pa (N/m>)
14.696 Psi (1bf/in") .
29.92 in Hg (32°F) = 760 mmHg (0'c)
33.936 ft H O (60°F) = 760 torr
407.2 in H_0

10.
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air ® 1,2 x 10" g/m” = 7,43 x 10”
(at sbéndsrd condition, {.es 0 ‘¢, 1 atm)r
water = 62.4 1b/ft” = 10° g/m” at 4 ‘¢
mercury = 13.6 x 10 s‘/ma at 4 "¢

glass = 2,2 x 10° g/m°

cement:particle = 1.5 x 10° g/m’
earth = 1,5 x 10' s‘/ma

2.1 - 2.9 x 10° g/nm" ;
2.0 - 2,6 x 10" g/m”

limestone

aandstdne
cosl = 1,0 - 1,5 x 10" g/m”
tron ore = 3,5 - 5,0 x 10° glm'
iron slag = 2,5 - 3.0 x 10" g‘/ma
fly ash = 1,0 x 10° g/nm”

#*% (For other substances & conditions ,more details

see appendix diagrams)

Time:

1 hr = 3600 sec

I work year = 2000 hrs per person
Rate:

L cfm = 1.6 m /hr o :

1 gom = 0,227 m /hr .
Volume!

-1 ft” = 7.481 U.S. gal = 28,32 1 = 0.0283 m"
1 gal = 3,785 1 = 0.003785 m"

1 barrel = 42 gal oil

1 litre. = 1.057 quarts = 0.2642 ¢gal

1 em” = 1 ml (willilitre)

t m” = 35.314 ft° = 1000 1 .
1 gal/1000 ft~ = 0.134 1/m"

1 dyne = ¢ cm/secz /

1 1bf = 1 1bm g‘/g‘c
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Energy:! ' { i
l 1 erg = hyne cm !
1 joule % 107 eryd ﬁ;
1 cal = %.184 Joule (J) H
! calsg ;ole = 1.8 Btu/lb mole ;
l)&on re%rigerabion = 200 Btu/min (: '
1§Btu = p52.2 cal = 778.2 ft 1bf -
| Likw he F 3412 Btu = 1.341 hp hr =
i | 1§Fp hr £ 1.98 x 10° ft 1bf e
Power: . “
1 ‘watt = 1 Joule/sec = 10" erg/sec ' {

it hp (me?h) = 746 watt = 33,000 ft lbf/min = 2545 Btu/hp

1 hp (boiler) = 13.155 hp (mech)

1 hp (bhoiler) 34.5 1b steam/hr = 2.5 1b oil/hr
(at 75% thermal efficiency)

Temperature:b__

F = 1.8 "¢ + 32
'R
‘K = 'c + 273,16

1.8 x ('K - 273,156) + 32

‘e + 459,49 1.8 'K
Speed:
1 ft/sec = 30.48 cm/sec = 0.6818 mi/hr
¢ 1 mi/hr = 0.447 m/sec
Constahts;
g_ = 32,174 lbm/ft/(1hf sec’) = 9.8066 m/sec
e = 2,7183
T = 3,14159
Boltzman's constant

K= 1,38 x 10

A [} m/(s" molecule ‘K),

= 1,38 x 1077 ysK
Avogradro's numbér = 6.02 x '10°° atoms/g atom
Universal gas constant = R =;1.987 cal/(¢g m@} “K)
a | ;R = 8%ﬁ05 atm cm” /(g mo1§'x) = 8,205 PajT’ /¢ & mol “K)
1
i
{

f | it
it i "
i e i ﬁt
EENT | SUR i c
! i
N ,
N ¢
: j

i [

i
1

¥
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t

R = 4,968 x 10° Iph ft° ZClb:m
1b mole = 359 ft° ideal gas at

Qle °R)
STP

1 ¢ mole = 22.4 litre ideal gas st STP

Air at standard condition (QO'c | atm)t

A

1.832 x 10 * ¢/(cm sec)

-7 2
3.76 x 10 Ibf sec/ft

1.21 x 10~ °

lbm /(sec ft)

s tr

1.08784 J/(g "K)
= 28.96 ~ 29

= 4,02 x 10 ° Btu/(sec ft 'R)

1.19 x 10” ¢/m” = 7.50 x 10° "

lbm/ft

0,26 Btus/(lbm ‘R) = 0.26 cal/(g 'K)

Composition ~ 21.0% 0z and 79.0% N: by volume

~23.2% 0z and 76.8% N2 by mass

Conversion Fsctors for Air pollutiont

Convert ppm to weight per volume ratio at Standard Cond”

ge
sp

neral: (ppm) x M/0.0241 = Ag/m°
ecifics

multi ppm at SC

CH

-

co
CO.

=

NO_ =™
2
0

SO
2

| acre = 43,560 ft° = 0,00156 mi

! number/ft” = 35.31 number/m"

by listed value

to obtain

663
1160
1820
1910
1990
2650

! ton/mi® = 3.125 lb/acre = 0.717 1b/ft

g/m” = 0.0283 g/ft”
lh/hr = 0.126 g/sec

W3 O 00 0 0 O

As/mi

a3



o
o~
~N
)
- (9461 '99 “IOA "JWS'Y "sunsg *Apoow o ] wou) ‘wriBmp Apoow  g1-¢ einby T e
3Y 12quinu spjouAay - .
4Ot Ol 401 <0l »0t <01
. 6 L9S v ¢ 4 6 L9S » ¢ 4 6 £9G v ¢ ' L3S v ¢ 4 6 L39S v ¢ Z 6 L
'000'0 T .
. ] T A 8000
LS 2 TR R . 6000
N1 seoo000 ] R 51000 5000000 Buign) umesq
$0'000°0 ¥ 100°000°0 W.ﬂ 90°'0 510000 yos whnoim 100
A= SR /” | L4 $2did yioowsg St 50000 uon pazuesjen
. ~ T~ rﬁA” 9z'0 $8000°0 uox 1583
10000 T TR €0 1000~ poom - -
> i e SR N I £-€0 100-1000~ a13:12u0)
20000 o B e o Uy Y § € {00~ 13318 pataniy
N R s N I[I.L
) {0 ] TN (ww) 2 ) 2 5100
90000 HE-HH o iU H IS - PT L .ﬂ/
80000 : ISEREED TN /1
. Bunse My 'll/ » 11 A
1000 ) T N~STRNA
2 ~ Elfan /”. N z00
g I T bet TN
§ 000 : RANSIINY ! i
3 R T 5200
I - e
S  yooo = VISR 4 HH // \ !
2 . - )
£ 9000 h L THATETS Lo
Ola ! - N T L ™~ . - R
8000 . —— b SN Sy F- —
100 [1i] ~ T ONURRN F T 11
- 7 Tl SN
el :’AV/IIP I”/ 00
1T 1l N : ;
$100 TR T NN
o3 o 0 S - { TN N
oo bt o ool DR ] =N TR A\ R
= R A e 500
i [ -[=-1- NE -4 4 -1~ | FH SN0 R — . LN T- l...rll 29 ' A | T oy
€00 S — b i \ - - -
5 1 . - - .
»0'0 N I.-lllr:l ' 900 . il....,‘...n.l(”,.,.
. 11l |I.._ll. IUM&.. l\l amur N ~
500 M %) P | —
444144 4 1.I.+ - - -4} L I T P L 4 4 - - Jw.Jj[l 1 “ 1 2k T—mmmeeaEa FT T
1Ba3 Juainqny Aja1adwon oz o _ =mopy 334 800
_ ] voumue;} T w0z 1 munwe loos ——=
LT L - UL 1®u 7 0
i ] Iqu\I__:_ A 1
¥ [ »

i 4



tNEY

“aaydsoune prepuris | e peys snawanadsy 13y aandyg

izs < K]

4, amriadwa) qing-1g

/
77

§8

y
e

$6

o

5

/

4
VL
PAVAVA 4
A\

|

!f

A
)\
N
~N
/]
/
/
AN/

001

S0t 001
~N
-
»
w
<
-’%c
LY
=
=3
®..
>
/
i

b \ N Grains of watet/ib,, dey air y 2
\ P = W= L L AN - L
— g [ w L o~ o 4 w b4 w -— (2] o 4 Md 203 -4 -
=0 0 © o \o ,9% 6 o¥Yao o 2SS © of OO o -
(= LA UL SRS sl ana L 4 T T T T T et —r—r
0.000.0000.000.0000.00.000,0.0.00.0.00 RS
wwmmmmmWWOOOOOOOOOOOOOOOOO e ot
lllllllll [~ PR I Y e ot
-_ by sg,OOI-sf.P<.9Lo.6O|zr. v oo

- LAVHD JIYLAWOUED AL

At 73
- a e F 7

XKaON3dY

w, Ib,, water/lb,, dr,

~

»



126
g

Ww-37 9+3 +3 9-3 10+ 3 0+3 o0l+3
_ IULIT9  000000'1  SROOLEG'E  €Z0LSO'!  SOOLL6'E  OVROST'E 000000 *
8+ww.._ 0w+3 wW+3I -3 0+ 3 €0+ 3 £l +3
609’1 _ pPE609' 1 0009CE'S  PETIOL'T  0009EC'9  OOO0ST'S  ¥E609°1
0-3 0-3 w-3 w-13 s0-3 9% - 3 ¥ + 3
88&. R (VT4 F 4L _ 800LE6'€  €Z0LSO'T  BOOLE6'E  OYHORZ'C  000000"!
w-3 w-3 10+3 12-3 ©-3 $0-3 s0+3
. 0000v$'Z  €8I8LS°I  0000FS'T _ 6€RPR9°Z 0000001  EEEEEE'R  0000ST
st+3 U+3 It+3 or+3 L+ 3 91 +3 ST+ 3
0Cs09Y'6  I0SALE'S  OE509%°6  RIOPTL'E _ RIOPIL'C  RVREOI'E  OESO9Y'6
-3 s0-3 Y+ 3 0+ 3 8 -3 W-3 ‘w+3d
0000¥S'T  €%Z8LS'1  0000¥S'T 000000l  6ERYRT _ €ECEEE'S  0000YST
10-3 -3 s0+3 w0+3 -3 0o+3 . 60+ 3
0008X0°C  666E68'1  000SYO'C  00000T'|  LORIZZ'E  000OOT' ! 000R¥0°€
-3 wM-3 vw-3 w-3 9-3 -3 o -3
000000'1  ZILEIT9  000000'I  HOOLE6'C  1Z0LSO'l  ROOLEH'E  OPRORZ'S _
w (awrjers) uosIM (L Teak ut y Y
s Wiy

.k ik e y

Ydua] ¢-N qeL

‘ ’ ted
E | e 0!

d e ]

1 e 00!

9 el W01

W edaw D1

x opry Q1

4 oty 01

ep opp . ot

p 1ap = 101

> Hua> 0t

w s 01

o oy~ —- +01

u . Fowew F I Ol

h e d oxnd - 0-0t
] o) 501

. one w0l
Jogulg Yyayy ) 01324
sagdinuiqns puw

sajdninw jo saxyard 7-N 3qe,

st M ©oNem 1amo

wN f anal Yom *A13u7
MUN L¥] fened uns g
SAw) @y N LURETY] ERVLY
N ula[ay unesadura

- s puLIFS aung
ay uresdoqiy ssep

w P hdurg

gnaog  joquig nun iy

| - 1539111 jo
SHBR PIALIIP pue dIseq |§ dwog |-N AqRL
A

O

SYOLDOVA NOISTIIANOD

~—— N
TTTTTT T KidNTddY
0 [3] )



il

Table N-4 Area

ey

acre barn cm? ft* hectare in? km? mi? m!
BOI6BI0 4046356 4356000 4046356 6.272630  4.040856 1563500  4.0463%
! .
E + 31 E+07 E+04  E-01 E+06 E-03 E-03 E+Q
2471054 LOOCO0O 1076391  L.OOOO00  [.550003  1.000000 3861022 1.000000
] B
E-1 E-2 E-2  E-3 E-3 E-yu E-3  F-3
L9407 | oovu 1070} 10000 | SS003 1 0oUoN) ;J 891021 1 0000
| "
E-08 E+ . E-0  E-08 E-O0 E-0 E-n  E-g
29534 9.290304  9.239g308 9.290304  L440000  9.290304 3587007 9.290304
1 C
E-05 E+3 E+0 E-06 E+02 E-08 E-08 £-0
2471084 1.00000C  1.000000  1.076391 1.S50003  1.000000 3861022  1.000000
1
E+00 E+32 E+08 £ +05 E+07  E-02 £-03 E£+0
1594215 6.451600  6.451600  6.94414%  6.451600 6.451600 2490977  6.451600
1
E-01 E£+24 E+00 £-0 £-08 E-10 E-10 E£-o04 ’
2471054 1000000 1.00OCUO  1.0T6391  1.0000C0  1.550003 3.861022  1.000000
1
E + 02 E + 34 E + 10 E + 07 E + 02 E+ D9 E - 01 E +06 i
6. 40000 2.589943 2389944 2.7875830 2 S8uvdy 4.01H0 2 589988 2.549988
1
E + 02 E + 3 E + 10 E + 07 E + 02 E+09 E + 00 E + 06
2471054 1.000000  1.000000 1076391  1.0000CC LSS0 1.000000  3.861022
1
E-04 E+28 E+08 E+O01  E-04 E+03 E-06 E-o0
. . [ ] v
Table N-§ Volume :
: qt
a . gal po ' i )
acre-f cm? e o liquid)  (Imperial liquid)  in’ L Eolighdy (LSliquid) m
1333330 4356000  3.2531s 2713283 7.527168  1.233482  2.606811 1303506 1233482 .1
l E+09  E+0s  Ee08 E + 05 E+07 E+06 E+06  E+06  E+03
$.107132 3.631467  2.631771 2199693 6.103374  1.000000  2.113376 1.056638  1.000000
E+10 l E-o0S E-04 E-04 E-02 E-0 E - 03 E-03 E-06
2298683 2.831685 7.480830 6.228831 1728000 2.831685°  5.984416 2992208 2.831685
E-05 E+04 l E+ 00 E+00 E+03 E+0i E+0l E+0l E -0
9
3.068883  3.785412  1.336306 8.326748 2310000 3785412 §.000000 4.00000C  3.785412
E-06 E+03 E-ol l E-01 E+02 E+00 E + 00 E+ 00 E-03
3685572 4.536087  1.605435  1.20099 2774192 4.546086  9.607392 4.803796  4.546086
) ) : . |
E-06 E+05 E -0l E + 00 E+0C  E+00 £+ Ero £-9
- 2 6387
T 3.604653 1638700 ws.s:m 1731602 1.638706
Iﬂ‘ i N ; 3 l e-02 elb: E-01 E~o0S :
El~ 08 E*O? E-O,’-i E-0 £-0 ! v T T )
n - 1733~ ' 1.08 000000
a_m'{uz"d 1}000.\5"3 $.787037 264172 2.199694 6.102175 | 2.1133% 1.0s6e33
i I D , i s -
Efim!:ﬂ é+03' £ - 04 E-o! E -0l E+o0l E + 00 E +00 E-03

(continued)
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Table N-§ Volume (Continued)

al al
acre-ft cm’ e ('L'S liquid) (.lmperial liquid)  in’ L FL’S tiquid) ?ts liguid)
836103 4731765 1.671007 1.250000 1040834 2887500  4.731705 ' S.000000 4731768
E-0 £+ 02 E -0 E-o01 E -0l E+0l E-01 ' E -0l E - 04
7.622208  9.463530  3.342014  2.500000 2.041687 $.775000  9.463530  2.000000 9.463530
E-07 E+0 E-02 E-o E -0t E+01 E-0l E +00 ! E-o
§.107132  1.00000C  3.531467  2.64172( 2.199694 6.102375 1000000 ~ 2.113376 1.056688
E-0 E+06 E + 01 E+02 E + 02 E+04 E+03 E+03 E+03 I
Table N-6 Mass
dram ton ton ton
amu (avoirdupois) gr '3 oz b, (lony) (metric) (short) kg
9.371957 2.562645  1.660566  $5.857476  3.660911 1634343 1.660566  1.830360  1.660566
‘ E-2 E-23 E -2 E - 26 E- E -+30 E - 30 E-30 E-27
1.067013 2.734375 1771845 6.250000  3.906150 1.743862 LI71345 1953125 1771848
E+24 I E +01 E +00 E-0 E-03 E - 06 E-06 E - 06 E-03
3.902218 3.657143 6.479891 2285714 1423571 6.377551 6.479891  7.142857  6.479891
E + 22 E-02 ! E-02 E-03 E -0 E - 08 E - 08 E-08 E - 05
6.022043 5.643834 1.543236 3.527)96 2 204623 9.842065 1.600000 1102341 1.00CO00
E +2) E -0l E + 0l l E-02 E-03 E-0? E - 06 E-06 E-03
1.707220 1.600000 4375000 2.834952 6.250000 2.790179 284952 3125000  2.834982
E+ 25 E + 0t '5_-£+o: E + 01 l E -0 E - 05 E-03 E - 05 E - 02
2.73153) 2,560000 7.000000  4.53$923  1.60C000 4464236 4535924 5.000000  4.538924
ia;za E+ 02 E + 03 E+ 02 E + 01 l E - 04 E-0¢ E-o04 E -0l
6?111}867;9%: "5 7134300 | iasmo LO16T  3.583000 2 2400X0 1016847 1120000  1.016047
5329 E + 05 5’4-07 E + 06 E+ 04 E~03 l £+00 E+ 00 E+0}

teomvued)
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Table N-6 Mass (Continued)

tog

fon

kg

(short)

Ib.

[\24

g

(avoirdupuis)

amu

(metric)

(loag)

1.000000

110231

2065

2.204623 9.34

3.527396

1.00000G

564384 1.543236

6.022043

E +0)

E + 00

£ -01

E+03

E + 05 E+ 07 E + 06 E+ (4

E+ 29

9.071347

8.923571 9.0713847

2.000000

3.20000¢

9.071347

5.120000 1.400000

5.463107

E + 02

E + 05 E +07 E + 05 E+ 04 E+03 E-0 E-0l

E+ 29

11023011

1 00000C

9 342065

3

2.

1.543236 1.000000 J 527396

5.643838

6.02204)

]

E + 01 E + 00 E-04 E-0 E-0

E+ 03

E + 02

E +26

E + 04

5]

&

Table N-7 Density =~
ihJgal h./gad
ghem’ WL LW (US) {imperialy  ihoin’ torvyd’ kym’
1000000  6.242795  B8.)45403  1.002240  3.612728  8.427773  1.000000
_ E+0 E+0l E+00 E*+® E-02 E-0 E+®
1.000000 6.242795  8.345403  1.002240  3.612728  8.427773 - 1.000000
E -0y _ E-02 E-03 E~-® E-05 E-04 E+00
1.601847  1.601847 1336806 1603635  S.787037 1350000 1601847
E-02 E+O _ E -0l #-01 E-m m-...i E+ol
1.198264  1.198264  7.480519 1.20049  4.329004  1.009870  1.198264
E-0 E+02 E+® _ Es00 E-03  E-0 E+m
9.977648  9.977648  6.228841  B.326750 36404656 B.40K9I)  9.977650
E-02 E+0l E+00  E-Ol _ E-00 E-m  Es+o0l
2767991 2767991 1.728000  2.310000  2.774I91 TT2II2800  2.767991
E + 0l E+08 E+03 E+0 E+02 _ E + 0l E+04
1186553 1.186553  7.407407  9.902264  L.1E2I1  4.2K6694 1.1R655)
E+00 E+0) E+o0l E+00  E+0l E -0 ! E + 0
1.000000  1.000000  6.242795  B.345403  1.062240  J.6127IR R.42TIN
E-0 E+00 E-02 E-O E-0 E-05 E-08 !
Table N-8 Time (mcan solar) -
' &u% h ms : min lunas month yerr .Al!‘i....,a. B
2400000  B.640000  1.440000 3386319 270799 H.640000
_ E+ 0 E+10 E+O £-@ E-0) _E+™
4.166667 3.600000  6.000000 1210966  1.140796 _ 3.60000
E-0 _ E+09 E=+o0l E-® E-04  E40)
LISM0T 2777778 1.666667 3919351 u._m.__m.a-..w,.w% -
E-1l E-10 _ E- 08 E-1 E-14 £ - 06
j T Gcomimeed)
! 4 . 829
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Table N-8 Time (mean sqlar), (Continued)

day

<

ms min lunar month year s
6.944445 1.666667 6.000000 1.901326 6.000000
E-04 E -0 E+ 07 : E - 06 E+ 01
2.953059  7.087341  2.551443  4.252405 8.085207  2.551443
E+o01 E+02 E+ 12 E+ M4 E-01 E+06
3.652422 8.765813 3.155693 5.259488 3.155693
E + 02 E + 03 E+13 E + 05 ! E + 07
1.157407 2.717717178 1.000000 . 1.666667 3.168876
E - 0s E-04 E+ 06 E-02 E - 08 _
Table N-9 Speed
fth fus in/s knvh mih mi/s s
2.777718 3.333333 3.048000 1.893939 5.260943 8.466667
_ E-04 E-0 E~04 E - 04 E-08 E - 05
3.600000 1.200000 1.097280 6.818182 1.893939 3.048000
E+ 03 _ E + 0l E+ 00 E-ot E-08 E-0l
3.000000 8.333333 9.144000 5.681318 1.578283 2.540000
E+ 0 E-02 ! E-02 E -0 E - 05 E-02
3.280840 9.113444 1.09361) 6.213712 1.726031 2.777778
E+03 E -0 E +0l _ E-ol E-04 E -0t
6.076112  1.687809 2025371 1.851999 LISOTT9 3196608  5.144444
E+®) E+00 E+o0l E +00 E+00 E-04 E-ol
35.280000 1.466667 1.760000 1.609344 2777718 4.470400
E+ 0 E+00 E+ 01 E + 00 _ E-04 E-0l
1.900800 5.280000 6.336000 3.793639 3.600000 1.609344
E +07 E+0 E+04 E+ 0 E+® _ E+0
1.181102 3.280840 3.155693 3.600000 2.236936 6.213712
E +0d E+00° E+04 E+00 E+@ E- 04 _

9

2.351882
E-08
8.466666
E-05
3.048000

9.806650

2.540000

E -0l
E + 00
E-0
1.

E - 05
10000}
E + 03
1.241778

ms!

1.893939
E - 04
6.813182
2.354546
E - 06
E+ 0
6.213712
E -0
8.05297

E + 06
8.052971
E + 03

it
o

E -0t
E+ 03
6.093570

min?

2.540000 o 2.045455

2351882

8.466666
E-08
3.048000
E-™
9.806650
E-03
E-05
7.716049

E-08

1.000000

£ -0)

E-1

kms!

3.043000
E-04

1.097230
3.950208
1.270942
3.2918+0

E+ 00
E + 03
E + 05
E + 02
1.296000
E + 04

kmh?

ins?

9.259259
E-07
3.333333
E-03
1.200000
E +01
3.860886
E+0
3.037815
E -0}
3.937008
E + 01

free fall

2.39822
E-0
8.633597
E - 06
3.108095
E-02
2.550079
E-03
7.868130
E -06
1.019716
E -0

7.716049
E - 08
.777778
3.217408
E + 01
8.333333
E-0
2.5812
E-07
3.280840
E + 00

fus?

2N

E-04

3.600000

1.150266

3.000000

fumin?

E+03
E + 0S5
E+ O
9.113443
1.181102
E + 04

Table N-10 Acceleration

3.600000
E + 03
1.296000
‘Ev 07
4.169787
E + 08
1.080000
E + 06
3.280840
E+ 00
4.2519¢9
E + 07

fuk?
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Table N-14 Pressure
am cm Hg ‘ ft water in Hg in water torr Pa
(normal)  bar (0°C) dyn'em? (60°F) orp (60°F) kg/em? Iby in? mm Hg (0°C) (N.:m’)

| 1013250 7.600007 013250 3393015 2992139 407238 103322 [ 469595 7.600007 1013250

E +00 E + 01 E + 06 E + 01 E+0! E+02 E+00 E +01 E+02 E +05

9.869233 | 7500624  1.000000  3.339238  2.953001  4.019685  1.019716  1.350377 ;.5006:4 1.000000
£~ 0t E + 0l E + 06 E + 0t E + 01 E +02 E+ 00 E + 01 E + 02 E + 05
1.315788  1.333222 , 1333222 4.465279 3.937008  5.358355  1.35950%  1.933676 1.000000 1.333222
E-0 E - 02 £ + 04 E-01 E -0l E +00 E-02 E -0t E + 0l E+03
9.869233  1.000000  7.500624 \ 3.349238 2953001  4.015083  L.019716  1.350377 7.500623 1.000000
E - 07 E~-06 E - 0S8 E-~05 E-0S E-04 E - 06 E - 05 E-o04 E -0l
2946710  2.985754  2.239%02  2.985754 8.816936  1.200000  3.04462)  4.330470 2.239502 2.985754
E-02 E-02 E + 00 E+04 l E -0l E +01 E-02 E -0} E + 01 E+03
3.342102  3.386385  2.540000  3.386385  1.1331al 1361017 3.453152  4.911537 2.540000  *3.386185
E-02 E-02 E+00 E+04 E+00 l E+Ot E-02 E-0 @ E+0! E+03
20455592 2.488128  1.866251  2.488(28 8331333  7.34747 2.5)7185  3.608725 1.866251 2.488126
E~-03 E-0 E -0l E+03 E -'02 E-02 I E-03 E-0 E+00 E+02
9.678411  9.806650  7.355599  9.806650 128480 2.8959C5  3.941376 1.422334 7.3585%% 9.806650
£ - 01 £ -0l 5+01@_£+os E + 01 E+0l E+ 02 l E+ 0 E+ 02 E+04
6.304556  6.8947ST  5.171498  6.894757 2309218 2.036023  2.771062  7.030656 5.171498 6.894757
E-02 E -0 E+00 E + 04 E + 00 E + 00 E +0l E-0 l E + 0l x10°
1315788 1333222 1.000000  1.333222  4.365279  3.937008  $.353335  1.359509  1.933676 1333222
E-0) E-03 E-oOl E-03 E-o02 E-o0 E - o E-0 E-0 l E-0

re

9.83‘323) 1.000000 7.500624 1.000000 3.349238 2.953001 4.013085 1.019716 1.450377 7.500624

E-06 E - 05 E-04 E + 01 E -0 E -0 £ -0 E-05 E-0 E-0
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sorN-m

1
w

MeV

kw

hp - h

f - by

7.781693

er,
(din - cm)

i
EV

T
cal

1.055056
4.186300
1.6021%0
1.355313
2.634519

E +03
E + 00
E-19
E + 0C
E + 06
3.600000
E + 06
1.602190
E-13

280

06

6.585036
E + 15
2613173
|oooqoo
a

8462

E+ 12
1.678531
E+ 19
E+19
6.241357
E + 12

2.246925

3

.

-
P

2.930711
SE - 04
1163000
4.4505

E~26
3.766160
E~07
7.456997
E -0l
4.450528
2.777778
E-07

3.930148
E -0
1.559609
5.9682356
E -2
5.050505
E -7
1.341022
E+00
5.963256
E-12
3.725062
E - 07

E+02
3.083025
E - 00
L.181715
E-19
1.980000
E + 06
2655224
E + 06
1181715
E-1)
7.375622
£ - 0!

1055056
4.186300
1602190
1355818

1.602190

1.000000

E+10
E + 07
E-12
E + 07
2.684519
E+ 13
3.500000
E+ 1}
E + 07

6.585086
E + 21
2.613173
E + 19
6. 241457
£+ 1
8.462230
E + 18
1.675531
E+2§
2.246925
E+ 25
1.00000Q
E + 06
6.241457
E + I8

3

E-2
2.'338459
g o8
E-01
E + 08
8.598454
E + 05
1.826765
2.388459
E - 01

)
E + 02
3.238315

2.521403

(Int. table)
6.411864

E - 14

3.968321
E=D
9.47112
E-1
1.285067
E-03
2544433
E+D
3412042
E+03
1.518583
E-16
9.478172
E~-03

4

|

i

i

]

'
£l

Table N-16 Energy flux

e

Br/(hX@t?)  calf(sKem®)  erg(sMem?) i i/ (BKAD  hpvi? Wicm? Wim?
, 7.534608 3.154589 1.78169% 3930150  3.154589  3.1545K9
E - 05 E+0 E+ E-04 E-™ E + 00
1.327209 4.186800 1.032794 S.216129  4.186H00  4.1KGKOO
E+os ! E+07 E+m E+00  E+00. E+m
369984 2.388459 2.466785 1.245851  1.000000  1.000000
E-o4 E-08 E -0l E-01 JJE~-0TT E-m
1.285067 9.682478 4.053R60 . S.050508  4.053K59  4.08345Y
E-03 E*- o8 E + 00 _ E-0  E-01  E-oy
2.544432 1.917130 8.026641 1980000 8026641 B.026641
E+ 0 E-o0l E+06 E+ 06 ! E-n E+m
3169984 2.388459 1.000000 2466785 1.245854 1.000000
E+03 E -0l E + 07 E + 06 m+8:-{ e E+ 0
3.169984 2.388459 1.000000 2.466785 1.245851  1.000000
E-o0l E - 05 E+03 E+02 E-04 E-04 _
Table N-17 Specific energy )
MW - daynon S
Btwib,, callg kwh/kg (metric) Ykg, (W - s/kg)
5.555556  6.461111 2.692136 2.326000
_ E-ol E - o E - 0§ E+Qy om0
1.800000 146300 4.845833 4186800 ..
E+ 00 _ E-0 E-0S E+0) oo
1.547721  B.598452 4.166667 3.600000
E+03 E+Q _ E-0 Evos IH
3714530 2.063618  2.400000 8.640000 — — ,I.ml!
E+04 E+04 E+ 0l _ m+3:q| T -
4299226 2308459  20ITII8 1151407 e
E-04 E-04 i€ - 07 E <08 _ a
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