
-----
.. 

'i~tJtJt.J~tJijlfl1fl~mtJ,,y..r1a~'ijUU'~fl11tJ~U 

..,. ..,. <!l
I 

..,. J 

i.Yl"Ul1'Vl1fl1fl'i'itJ!fl'iij-:.lfUl flW~1fl1fl'i'itJflli.YA'i 

tJ'I111fltl1~tlmfll u l~ihl'VtJ-:.Ifl~n'i~ufl'i 

b1'"': Un~"rlU1J~'1'l·rH~~~;;".~ l ,:';T:;l Hl.'¥1f1t. 

-JV,~ :§ al.. .A. ,25.52.. , , 
IG1'lJr.:LlI LJ'.l. ~Q.9j.~ '? . 

'" ~ 
LGl'IJ'I'\3.i ? : ··················· ···· .. ·· ... 



" 'j~UU ui'ml1tl1ffUUUt~i1ii~ i tlih,,~m1:IJ~'U 

.oC::Io Q .:!t Q tI 
ff1'IJ11'll'11ff1fl'j 'j :lJtl'l 'j tl~ 0" I'IW~lff1fl'j'j:IJ ff1 ff~ 'j 

:IJ'I111'Y1tJ1~fJt'YI1'l1'U1"~'j1'1l':IJ~I'I,,'Vn~'Um 



.,j 
'lHJ 

>I 

: 'i~uu1Ji'UtJlfllffuu'l./1~..r1~~ itJtJll:l~rnl11~'U 

<V , 

1.] 't1 fI VI tl tl 

>I >I 

t'U tI ~ ~,j'U 111~~1'U f:1\Pl 'ffl '11 m'illn fll'itJl1tJl'l1~tJ i tJtJl1J1 t ~n'U mh~ UVd'l1l:l1fl l~fl i tJtJl 

d ....1 1lJ: I d • '1 y 'i "1lJ Y 'i • '1 Y .... .."'I I.... 

'VIHl:l\Pl'tl'Ulll ItJ'Ul'ff1'U'VIl'I1l:ltJffl1J1Hl'U11J11'll'1J'i~ Ifl'll''U l~ l~fl'Ul1111'll''i111flU'i~U1J'I11\l~ 
", I ", I I 

i tJtJll:l~fl1111~'U l~tJH~\Plff1dVilml111~'U'lj'Ul1 fftJ~ (Chilled Water) l1t~t 'U'i~uu1Ji'mJ1fllff 
>I 

uuut~..r1~~itJtJll:l~ml11~'U (USER STEAM JET INJECTION FOR AIR CONDITION 
I I J JI • , 

SYSTEM) 1~ fltJ1flflm1fll1il ljjtJl:l~fl1111~'Ul1~1'11l!1't1tJ~tJll1tJflt'U.fl1'll''U~l1tl~ij~';~1l~1 
'" 

o 9J: d.c!!l.c::l old ~ ~ 9J : d:fd, CIl 

'VI 1i '11 'U 1'V11'I1l:ltJ i 'U tJ111Jm'i 1\Pl tJ'illtJW 'I1.flll\Plll:l~~1fl 'U lW'U 'U II tJW 'I1.fl1l1J'i ~1J1W 4.44-21.1 °c 
q cu ~ cu 

o lI) d' 01 et'~ .et. GI QI 't 0

~~\lfl'Ul11Jm~'Ul1fl'UH1'Uumw'U~~~~'U\Pl (Air Handing Unit) 1'U'i~UU1J'iUtJlfllff l~fl~~'VIlfll'i 

... Id. iJ QI ~ 0 i 9J ~ .d 'j/ ... .cI1QI ~ 
Ul:l flllJl:l fl'U fl11 m tJ'U flU tJlfll ff 11 ~ 'VI1 'I1U 'i I1W 'VI \PltJ~fll'i lJ'i UtJlfllffll f:1W 'I1.fJ lll:l~l:l~ 

>I 

~lfl Hl:lfll'i'VI~l:ltJ~ fll'i l:l~ f:1W 'I1.fJ ij'tltJ~tJl~1fl"ltytylfllff ~Uil fl1111~'U.fl1fl 1 'U t1~f1tJ fl'l'j 
I 'JI I , 

l:l~l:l~ 'tIW~l1f:1W 'I1.fJij'tltJ~tJl~~ 1~11J~ fl'UU1Jl:l,:j ~'U m~'t1,:jml11~'U.fl1tI1 'Ut1~un ~ffl1J1'i(ll:l~l:l,:j ~'U 
" II JI I , 

II 1ti ~ fl 1111 ~'U i tJ flll ~1l1 tJ W '11 fl ij'tl W~,r'U ~ ~ Vi 11M'tJll1tJ fl.fl1 fl 1 'U t1,:j 1111 1$1 tJ ~ 'i ~ l'I1 fl fl m fJl ~ 'U. '" '" 
i tJ 'tIW~ ~fl1111 ~'U.fl1 flt 'U 'i~ 1J uiJ,:j fl,:jl:l~l:l,:jtJ fll,:j~~H atJ~ m~U1'U fll'i'tltJ,:j flln ~1 '11 fl~~ Vil1M'ln~ 

d.l '1 .... .ek ... ~ Y: ~ .... t '1 
fl1111W'U'tI'U.fl1fl 1'U(l,:j C)f,:jffl11l'J(ll:l~l:l~tJW'I1.fllll'ill\Pl'U'tItJ,:j'Ul~lfl 32°C lU'U 22 °c ~~'U'U 1'U. '" 

" fll'iVilml111~'U fft\Jt\Jlfllff'tltJ,:jtJl~~ffl1J1'i(ll:l~tJW 'I1.flijl:l~ i~ 10°C 
q u u q cu 



'" 
i m -:lfl1'il~eJ'u '~i'1JfI1'iffiJ'1Jff'U 'l-Hl1flVl1-:l:lJ1111'VW1~mVlf'l i 'U hfh1'l1:lJ-:lf'l"'Yi'i~'Um i 'U fI1'i• 

'" 
~ ll'W'U fl1'i ~f'lYi 1i f'I 1-:1 fl1 'i Vl1-:lH'~f'lYi 1'Ufl'Ufl1J'Yi'i~f'lWI~ 'U m.h-:l ff -:l w. i fl fl1ffiA !m~H'l~eJ 

qJ q cu cu 

'Ufl'U fl1J'Yi'i~ f'lwm 'il1'i 6fl~fffl~ ilPllilf1:lJ-:lf'l" m'il1'i 6 ff1'i'itU f'I-:l ff1m l!,,~m'il1'i6f1~fffl~. . 
'JI IIJ' ... "'i 'JI 0 "I"'l i i i "' . d 'JI '"0 0'UfleJ t'ifl:lJ VI 'I1f'1lu'ifll!1l!"~1l'U~'U11Pl"flf'l 'UfI1'iVl1 m-:lfl1'i 'iI'U m-:lfl1'iu'i~fftIH"ff11'i'ilf'l1eJf'l 

OJ . "'. 
'U fl'Ufl1J'Yi'i ~f'lW f'lW 1fJ1'il1'i VU'i~ ~1 ff1'U11'l111f11m'i :lJlf'l1fl-:lfl" VI fl'Yi 1'U 'i1:lJ";-:ll~I'll i11l1'Ufl-:l. . 
... 'i 'i '" "'IIJ 'JIi 'JI' i:lJ1111V1r.n~mVlf'l I'U l"eJ'i1'l1:lJ-:lfl"'Yi'i~'Um VI If'l 'I1m1:lJff~f'l1flIPlW'l lPl"fJm~eJ~l1m 'UfI1'iYl1 

if'lHfI1'i 

"' i tI , Q,/ -=S! ~ i ~ j}Q,I 0 a r 
u'i~ eJ'l1'U ll"~f'lW f'IlfJ'U 'Yi-:l:lJ 'il1fl f'lHfI1'i'U H'ilf'lVll'UfJ:lJfl1JI'YiVVlf'lllVl'Uf'lWllf'l iJf'll :lJ1'if'l1 

• OJ • 

tI Y.... I ~ e::t... , ~ 'j} 'j}a , 

f'I ~1J1 m 'il1'i eJ f;;!U 'i~ ffVlllu 'i~ ff1V11'l11m1:lJ~ 1Pl" flf'l 'iI'Urj:lJ'Yi'i ~~ W'¥J flVll'U 



1J 'Yll'i~ vtJ 

nl9l~m~].J'l.h~tl1fY 

'i,n~UttlI9l1n:j 
u 

.,.. 
1J'Yl'Yl 

1. 1J'Y1t1l 1
 

1.1 ml].Jtn'U].Jl'\leJ'llf1~.:j'll'U 1
 

1.2 1I91tl'l.h~ff'lfll'Utl1~~~'t111m.:j.:jl'U 1
•
 

2
 

2
 
.,
 

1.5 ,j'Ul9ltJ'Utl1~~hiJ'U.:jl'U 2
 

dd d rJJ 
2. 'YlqlJ!]'Yltf1tJ1'\ltJ'l 3
 

2.1 hl~~ml].Jt~'U'\ltJ.:j,rtJ.:j 3
 
., 

2.2 l1~mhH~tJ~hJ 10
 
., 

2.3 'I11~~im.1l (Steam Jet) 13
 
., 

2.4 tl1~tJtJf)lt1J1J'I;l1~~imJl 18
 

2.5 l1m~1J1tJfl11].J~tJ'U(Cooling Tower) 23
 

2.6 ff].Jtl1~'rl"'l.:jl'Uffll1f1Jtl1~il1~U1J1JfI.:j~1'\ltJ.:j'\ltJ.:j il1 ~~ti~~1 i1Ji~ 24
 
.. oS • • 

2.7 f1tJtJ~W'U (Coolmg Call) 26
 

2.8 't'itJ~].J (Duct) 26
 

2.9 f111].Jfl''U ffttltiftJ''U ~~1J1J't'itJ 29
 
" u 

30
 

34
 
'" .,
 

2.12 tl1~l11tll".:j.:jl'U'\ltJ'lil].J'ih 35
 

36 



. 
d 

t1'Vl'Vl 

39 

"d. r QI	 

393.1 m'j'H1mllJ'H)lJ'Vlmm'Vlf-lllJf-llJ~ 

" 3.2	 m'jrlllJ1W1Ul~~H)f1lltltl111Qfli~Ul 44 

62 

3.4 m'j~~f1lltltlvimllJlflrJlnmllJlffrJflYlllJl't1ltilJ	 63 

3.5 m'j'H1mllJffO.llffrJilJ\';~	 64 
'U u . '" 

3.6 m'j'H1nl~~~11fViil'eJlJl.,j'liJlJ	 66 
o I J:l rI 

3.7 m'jmlJ1W'H1m~'Vllfl~'j	 67 

~ 

3.8 m'j~'eJf1l1t1t1fH)lJlfllJl9fm	 68 

" 3.9 m'jrlllJ1Wll~~~'eJf1lltltlU~Ul	 71 

73 

" 
4.1 'lilJ~'eJlJm'j lilfl'j:::t1t1tli't1'eJlmff	 73 

4.2 \PIl'jl~llfffl~f-l~fl1'j'Vlfl~'eJ~	 74 

4.3 fl'J1'Vhlfffl~f-l~m'j'Vlfl~'eJ~	 77 

5. ff~ tl f-l ~m'j'Vlfl ~ ~~tl ~:::.,j''eJlfflJ 'eJ IllJ:::	 80 

5.1 ff'jtlf-l~m'j'Vl\PI~'eJ~. 80 

81 

t1'j'jWllJfl'JlJ 82• 

f11f1HlJ 1f1	 83 



.... 
~l'nn'l 

2.1 tlff~~fl111/ftllJ~fl1fl\11ntlUmW~1/tll~tl{'li1Jlfl~tl'\...1 9• 
oS _.I <I. ~ 11) ~ 11) 'i '" <I

2.2 tlff~~fltl'Wll'YIfltll"ffll~tJ'j(ml'l1~\11n 1G'Jf Ifl·.H1/~'in'IITj'YI) 26 

2.3 tlff~~fl 111/1~ 1"1/~tl'W ~ oW 1ff1'l1f1J'j~ 1J1JUf1Jtl1mflm 11/1~1~ 1 28 

~ I <I 
2.4 tlff~~fl111/fl11ff1/1.,l"'lJtl~'lJtl~tlll"~11"1(ft) 30 

2.5 llff~~~lfl111/'Pl'W1tl~1/~11Vlfl1Jtl1JtlW 11 fii1~1/~1 33 
• OJ 

2.6 tlff~~~lfl111/U"tl~i)fl 35 

39 
" I 

3.1 tlff~~'IJ'W1~~1~ "l 'lJtl~,.h~~ itloW 1Vltltlnll1J1J 61 

3.2 tlff~~ ff1U H"m'jtltl nll1J1Jvi tl" 1/1~ fll~m11/1iYfl~'YI1'W lvi 1tl'W 64 

... '1 'JJI ~ 
3.3 llff~~m11/~tlJlfffl 'W'j~1J1J'YItl'il1n l1tl'j~1J1flm1mtl'W(CoolingTower) [l~ 65 

<I 
fl tl'W l~ 'W lG'Jftl'j (Condensor) 

d I iV:d.ci 
3.4 llff~~fl111/~tlJlfffl''W'j~1J1J'YItl\11n[l~'W1W'W[l~ 68(Air Handing Unit) 

4.1 tlff~~H"m'j'YI~"tl~111~~'IJ'W1~ D =5.3mm U"lfl111~~~'Wl.,r1iu''WU1n 
· m1flld'W~7 5mm 74 

4.2 llff~~H"m'j'YI~"tl~111~~'IJ'W1~D =5.3mm U"lfl111~~t'WI.,r1iu'l'WU1n 
...·

m1flld'W~'j 5.5mm 74 

4.3 llff~~H"m'j'YI~"tl~111~~'IJ'W1~D =5.3mm Umfl111~~~'W1.,r1iu''WU1n 
· m1flld'W~7 6mm 75 

4.4 llff~~H"m'j'YI~"tl~111~~'IJ'W1~D =5.3mm Umfl111~~t'WI.,r1iu'l'WU1n 
d 

m1flld'W~'j 7 mm 75 

4.5 llff~~H"m'j'YI~"tl~111~~'IJ'W1~D =5.3 mm U"lfl111~~~'W1.,r1iu'l'WU1n 

· m1flld'W\17 10mm 76OJ 

d 
n'i1flld'W ~'j 15 mm 76 



nJ~..	 
, " .111 jI iI .cI jI 111 iI'" ... jI.cI

2.1	 Uff~'1flTWfll'i m);'l'\J'fl'lml:lJH)'UHff~'1ml:lJ'i'fl'U'YI11'fl'l lm'U'YI'Il1:lJ~ml:lJ'i'fl'U'YI 

f1fl'fl:lJ11U);'l~ lm\~ml:lJ!~'U'\J'fl'l,r'fl'l 5.. 
" 2.2	 Uff~'1fll'iVil'll'U'U'fl'lMl~~1mJl 13 

" 2.3	 Uff~'1'ihU\h~fl'fl'U~l'l"l '\J'fl'lMl~~ 1mJl 14 

2.4	 Uff~'1~tJ!l'lMl~ ~U'U'lJ~!,rl-'1J1'U'fl'flfl 14 

2.5	 Uff~ '1'itJU'lJ'lJn1)1!ml~Mfll'if-lff:lJ'\.I'fl'lm~Ufffll'i 17.. 1 l1);'1U'lJ'lJ 1fi91~ml:lJ~'U f1'1~ 
" . " 

2.6	 Hff~'1Uf-l'UfJfifl\Pl'ilff1'U,hmrfll:lJmfJ~Vi~TU~~'\J'fl'lMl~~ 191mJl 

.	 " 
2.7	 Hff~'1Hf-l'UfJfifl\Pl'ilff1'I.H,JW ~ 1mJl11 fJfiVi~TU~~'\.I'fl'lMl~	 20 

" , 
2.8	 Uff~'1~lUtJ'i~1'l1'\J'fl'lMl~~1mhYil,*tJ'i~fl'fl'lJfll'ifll'U1W 20 

" ,	 " 
2.9	 Hff~'1Uf-l'UfJfifl\Pl'j lffl'U 'i~1111'l1 mJl~'fl'fllfllffU,r'lVi~'fl'lfll'i'\J'fl'lMl~ ~ 1mJl 

" u~~~m\Pl~ (Stage) ffll1i''lJ1mJlml:lJ~'U1fl~ 10 bar	 21 
" . 

2.10	 Uff~'1!!f-l'Uflfi~lflW!!m'\.lml:lJ~'U1mJ1Vil,* 22 
..	 'lJ 

<Il!t" . L":i.c:S..c:::l QI" 
3.1	 Hff~'1'W 'U 'YI 'YIff!l1 'U 'fl'YI'l11:lJ ~ 39 

". " 
3.2	 !!ff~'1~'UViVlffl~l1'1l1:lJ~ 40 

41 

42 

" 3.5	 Uff~'1lPilUl1U'l'\J'fl'lffl'UtJ'i~fl'fl'lJ'\J'fl'lMl~~ 601mJl 

3.6	 !!ff~ 'I fll'W fll'j 'fl 'flfl!!'lJ'lJ l1'fl~:lJ 63 

4.1	 ml-wUff~'1f-l~fll'i'YI~~'fl'lMl~~'\.I'Ul~D =5.3mm tJ~ltJM1~~g'U!,r11tJl'U 

tJlflmltJ!l'Ull~ 5mm 77.. 
4.2	 ml-wUff~'1f-l~fll'j'YI~~'fl'lMl~~'\.I'Ul~D = 5.3 mm tJ~ltJM1~~g'U!,r11tJl'U 

tJlflmltJl1'U~~ 5.5mm 77.. 
4.3	 ml-w!!ff~'1f-l~fll'i'YI~~'fl'lMl~~'\J'Ul~D =5.3 mm tJmtJM1~~g'U!,rl1tJl'U 

tJlflmltJ!l'Ull~ 6mm 78.. 
4.4	 ml-w!!ff~'1f-l~fll'i'Vl~~'fl'lMl~~'\.I'Ul~D =5.3 mm tJ~ltJM1~~g'U!,rl1tJl'U 

tJlflmltJ!l'U~~ 7 mm 78.. 



'JI
nJ~	 'Ht..!1.. 

4.5	 fl'jlvJUfffl~~H\fl1)'YI~H'lfl,n11~fl'\Jt..nfl D = 5.3 mm 1l"lm11~flg'Ut,j'1 hJl'U 

1l1flfl'j1tJn'U~i lOmm 79 

4.6	 fl'nvJUfffl~~"fl1'J'YIfl"fl~111~fl'\J'UlflD =5.3 mm llmtJ111~flg'Ut,j'111l1'U 

1l1flfl'j1tJn'U~i 15 mm 79 



• •

cl 
tJflfl 1 

1.1 ftll'mihnJ1'U8~lft'H'l1'U 
~	 ~ 

• I IIJ i ~ ... '" IIJ ,,'" ""..."	 IIJ ,,'" 0 "IIJ 0
lJ1~I'Ylfl t'Ylti '\.JlJ1HI'lJU'\.J tll1111~'\.Jlf111'Yl1'l1l1'\.JtI\PIffll1m11111~~ tll11f111'\.Jl1tlll111tl W'\.Jl 

",	 I" 
(BOILER) lJ1i oUti'\.JtlVl'lll 'l'dl1 ~1t1 ll~~ 1mlii '\.Ji;Y1'\.Jnll1i1tJ'jl1flf111 i oU'l1'\.Jll'Yl'\.Jn'll~tl~tltlVi'l1 tl 

'i .1'.1 'i "Q 0'" i"i 'IIJ"
tlltlllJ~llJ1~ tt!'If'\.J 111flffllJ11f1'\.Jlfl~'IJ1l1 'If 1111 tll 

"'I .,k 0 IIJ : i ' d "'I '1 " i ""'1 Q i0'"	 0
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"	 " I , 

tIlfll1 i;Y1Ufl'll'\.J ~1t1f11 11'*'111 11:1 '\.J ffl1'Vilf111111~'\.J "r'\.Jn fftl'l111t1n Ii tlfll11 ~'IJ'lJtli''IJtIlf11flll'IJ'IJ 
~ 

fll1ioUlhii1l1t1'111~llfl1111~'\.J (USING STEAM JET INJECTION FOR AIR CONDITION 
I , r " , I 

SYSTEM) i1f111'Vi l'llU 11lUtllfftlmrflnliitl~1lml11~'\.In ~bl11.h\J tI 'I 'I11n tI ~i '\.J fll'lf'\.J ~nillliJll.;;fll 
o 9J : .c:I c:. ~ 9J : d ~d. .e:.	 ~ 'j}

'll~'Yl1il1'\.Jl11tlWl1flll\PI1~~1l1t1'\.Jllt1'\.J'\.JlltlWl1fllltl1~lJ1W 4.44 - 21.1 ·C 'll~f1flnllil1 
q qJ q lU	 IV 

11 ~ '\.J Ii tI '\.J Iif11tl'Vi 1fl1111 l~ '\.J i 111 ti'IJ lfl ~ tI 'I tl f'IJ til fll fll1:l '\.J in fll1 tl f'IJ til fll fl 111 tlfll1 ri1 til 'Yl 

j} 1 3J QI:d 4!!l o<q,Y.e:..d"	 .d.QI	 .e.l, 

fl1111 1 tI '\.J 1 ~ 111Ntil fll fl1 tI '\.J fl 'IJ '\.J 11t1'\.J 'll 'I 'Yll t'H 'IJ 1 I1W 'Yl \PI tI'l fll1 tl 1 'IJ til fllflll tlW 11 flll ~ 11 M.	 .. 
d 0 1IJ.li" 'i" 0'" i"'" 'i	 d " "IIJ: Q1l1lJ1~'Yl'll~'\.J 1 tlJ 'lftl1~ Itl'lflJll~~I'HlJ1~ffl'H 1'IJ 'lffl'IJ tH~l'\.JtI\PI ffll1m111'Yl i 'If'Hllti ttI'\.Jl 'll~ll1lJ• 

IIJ'"	 0:11 ' ''1'" ~ '" "'I .,k 0'" "'I .1'" i"'"t1l111lJ'\.J f111'1f1t1~llfl1 A'If'll1t111~~11J'\.J tlfl'Yl1~mtlfll'I'\.J~ ffl'H 1'I.J f1111~ tlm~'IJ'lJlJ1'IJtIlfllfl l'Ifl'IJ 
I "	 • • 

tIlfl11 fflUml'\.J ~~I1j'\.Jm\PIn1fl1 ~flWW~tI~'Vi lf111ffmninfll1tl i''IJtIlf11fl~~fl~111Vltln'll~'I11• 
"	 dllJ".1 "i"i'Utlll~'Yl tlllJ1lJ1~tlfl\PI 'If '\.J'Dlfl11 .. . 
1.2 1~QtJ~~iJ~fi''U8~1ft'H~1'U .	 ~ 

1.2.1	 lVltlfffl'lJ1f111'Vil~ 1'\.J'UtI~1~'IJ'lJtli''IJtIlf11flll 'IJ'IJ i oU..r1ii1l1ml1~llfl1111~'\.J (Using 

Steam Jet Ingection For Air Condition System) . 
1.2.2	 lVltltltlflll'IJ'lJ1~'IJ'lJtli''IJtIlfllflll'IJ'lJf111'Utllt1~1'UtI~

~ 

1ml1 .	 ~ 

1.2.3	 lVltlff~ln~'IJ'lJtli''IJtIlf11flll'IJ'lJf111'Utllt1~1'UtI~ 1ml1 



3 

>J 

1.3.1 l'*l11!fliflih (Boiler) 2 1P11 '\J'Wlfl 80kg/hr tlCl~'\J'Wlfl 120 kg/hr 
>J • 

1.3.2 1,*'I11~flitllJl (Steam Jet Injector) liffllJ1'itlClfl~Wl1tJiJfl~'i~w:h~ 

1O-15°C 
>J 

GljljI .c:.o 
1.3.3 tGJl'l1fl~Clfl~Wl1iJlJ'Wl (Evaporator) 

>J • 
<it y rI Y ltJ o.c::l Q,I .c::I 

1.3.4 tGJl'~fl'Wtfl'WlCJ1fl'i (Condensor) 'i~U1t1mllJ'ifl'W tfl'Wl'YIflflf1111'Qfl 

'1 ~ ~ ~ ~. 
1.3.5 1GJl''i~lJlJ'i~U1t1mllJ'ifl'Wmtmm~1J1t1mllJ'ifl'W(CoolIng Tower) 

1.3.6 1,*Jlt1:l'Wffl'iYilmllJl~'W~'W~fffl~t~mhmllJl~'W 

1.3.7 1,*'i~lJlJCl1JtllJ'IJ AHU (Air Handing Unit) 1'Wm'i~ltlCllJ 

_I ~ ...,j , " v....
1.4 'U~~ ttJ'lfU't1~1~1HI~ tVl~1J 

'1 ~lIJ ~~'" 0 .."" '1 ~ ~ lIJ °
>J 

.
1.4.1 tl1 tfl'i'ilf1m'i'YI1'11'WltCl~TIim'i tGJl'l1lJfllfl'Wl (Boller).. 

>J 

1.4.2 i$i'~m'iiil'W1Wlm~flflmllJlJ'\J'Wlfl'\Jfl~'I1d~flitllJl (Steam Jet Injector) .. 
>J 

1.4.3 ffllJ1'i tlt'li'11 'il11~f1m'iClflmllJ~'W 1 'W 'Iffl~ ~W 11 tJiJu1 
>J • 

Y G( Q..l 0 Y "J o.c::l QI .cS 

1.4.4 ffllJ1'itlt'\Jl t 'il11"f1m'i'YI1~1'W'\Jfl~'i~'IJ 'IJ'i~1J1t1~11lJ'i fl'W tfl'Wl'YIflflf1'il1f1111'Qfl 

~ 0' 
fl1t1~fl'Wlfl'WlCJ1m ( Condensor ) 

~ 1 ~ ~ dI: .
1.4.5 ffllJ1'itlt'\Jl 'il'i~lJm~1J1t1~dllJ'ifl'Wfl1t1l1flH~'Wl( CoolIng Tower) 

1.4.6 ffllJ1'itll'li'l 1'il11~f1m'iYilmllJl~'W~1,*JlI1:l'Wffl'iYilmllJt~'W~'W~fffl~ 

1.4.7 ffllJ1'itlflflmllJ'IJ'i~lJ'lJm'i~ltlCllJlt'IJlJAHU (Air Handing Unit) i$i' 

.. 
.... 0 .. 

1.5 'UugJtlUfl1~mIUU-:llU 

>J 

1.5.1 ffmn'li'fl1JClm'iff~1~'i~'IJlJU1lJfllmfftllJ'IJ1,*'I11~ fl iflU1ClflmllJ~'W 
>J 

1.5.2 iil'W1WtlCl~flflmllJ'IJ'i~lJlJU1'IJfllmfflllJlJ1,*'I11~fli flU1Clfl~11lJ~'W 

>J 

1.5.5 m'i'YIflfffllJm'iYiHl'W'\Jfl~'i~'IJlJU1lJfllmfftl'IJlJ1,*'I11~fl i flU1Clfl~11lJ~'W 
.. o'~ .1 

1.5.6 m'i11~ 'il~l1'\J fllJt'ltlCl~ ff'ilJHCl.. . 



.,; 
tJ'fI'fI2 

'1 .. '" 2.1 &'t1~V1f1lUUtl'U'UtH'Mtl-1 

tlU tJ l'u 1'mll fltU l1 fl iJ'\J tl-1 tll tll fff11 fl 1 'U,rtl-1 i,r~ lw;h tll tllfff11 fl'U tl tl~'U tlvt1'UtlU ~ ~ . '" '" 
V v 1 QI I QI QI 31 d. 31 11) Ij/ev 1::1 I QI rJJ d. 

f111m tl'U tl tltl1l1tll1 tl~ 'U O\9'l'ilt'VlltlU tl\9'l'ilf111m tl 'U 'VIl1 tl~ l \9'1 'iU t'i fltl11 tl\9'l 'ilf111mtl'U 'VI 

4 '" ~ 1 v cl 0 _I'" I 'l d "I 'l
tmtl~tJ'iutlltllff\9'l ~ tltl tl1l1tlf11fl 'U l1 tl~'VIt'il'V1ltll'ilJ'iU tlltllff11 m"\9'Ifl1111W'U l1 'itl m"\9'1 'i 111 

v _I v 'l v '" '" 'l V.I ok 'l v 
'\Jtl~ l1 tl~ ll~lJ'i~tl tlum fl m"\9'1 fI 1111 'itl'U ffll HffU"~ ll1 "\9'Ifl11m tl'UUf'I~ C]f~ ll1 "\9'Ifl11m tl'U 

QlQI 0 rJJ t::Iro 1 fj} ~ QI~ .d jJ 1311 v v
ffllHffll~'VIl 1l1 tlW l1 flll'\J tl~ tlltllfff11tJ 'U l1 tl~ff ~'\J'U \9'I~'U 'U tlltllff'VIlI~\9'ltl~tltlff ~t'\Jl 'U l1 [)~ ll~\9'ltl~ 

q qJ qJ qJ 

l::I t::Iro ~ ~ d t::Iro d. QI.cr d 'j/ 11)31 QI t 
11 tl Wl1 flll U" ~ fI 1111 'If'U \9'l1 It,,~ 11 tJ 'i m W111tl'VHJ'VIlI~ 'i 11 ll1" \9'1 fI 1 111 W'U '\J tl ~ l1 tl~ l \9'l \9'1 ~'U 'U tll 'i. '" 
o 'l d V cl 1v1 "I 4 0 d I

fI1 'U1Wl11 ll1 "\9'1 f11111W'U 'lJ [)~ l1 tl~'VIlI~ 'If 'U tll'i t'ltltl'\J'U l\9'1'\Jtl~tm tl~'VIlfl 1111W'UU"~'\J'U 1\9'1 'VI tl 

~1~ C'] ~~ ~lt1'l'U~tl~tWtltll'ifil'U 1W1l1tlttl1 rl~f11111 ~tl'U ff'm7ff U"~1l1tlttl1 rl~f11111~tl'UU~~ t~tl 
_I 1 ~1 0 lIJ_11 v ... 4 0 d I 
lJ'i~ tJ'If'U 'Utll'i'UlllJ 'Ifmtltltfl'jtl~'VI1ml11W'U\9'll~C'] 

'j/ I , QI 'j/ Q.I 

1) ml11 'itl'Uf:l1m 'VI Hl'UH'U ~\9'l1'U 'U tltll1 "~fI1u,,~m~lltl 

v I I '" V .: v 
2) f111mtl'Uf:l1m'VIH1'U H'U~fl1'U i 'Ut'V'l\9'll'UU"~'V'l'U l1 tl~ 

3J I QI ct, t::Iro tJ' 
3) ml11 'i [)'U1l1tl tll'iUNH ff'\J tl~\9'll~ tll'VI\9'ltJ 

4) f11111~tl'U1l1tll1"[)\9'I1vJ 

'j/ 'j/ I QI 

5) ml11'itl'U1l1tlHtltJtllfftJ 
'" '" 

6) ml11~[)'U1l1tltfl~[)~ijmt,,~~tJmw1'VHb~1~C'] 

7) fI 1111~[) 'Utdtl~ 1l1tleJ ltllfffllfl'U tltl~1~1'UtJ'i~\9'lU"~l1U1~1 ~ 
'" 

'j/ d. jI llJ jlQ.I ~ ~ QI 'j/ d. 'j/ 11) jiG' 'QI I I .d 
f11111 'itl'U 'VIl1tl~ l\9'l'i Uml111\9'1 f1tltl\9'l'ilf111m tl'U 'VIl1 tl~ l \9'I'iU 1l1tl 'VI tlUl1 "~\9'I ~tl"11 ff1'Ul1'U ~ • 

v 0 J' I ~ cl 0 1v i v v .1 '" do V cl "I
'\J tl ~ fI 1111 'i [)'U 111 'U 1'U 'Ut'VI 1 'U 'U 'VI fflm 'i tl'VIl l1 tlltllff 'U l1 tl~'i tl 'U '\J'U 'VI 'U 'VI ml11 'i [) 'U 'VItl1" tlll~ tl tl.. 
'" ok ~ I _I V lIJV '" ~ v ""cl V lIJV", ~ V I

1ff~C]f~ tlJ 'U ff1'U lJ 'i ~tl tlU 'U tl~ l1tl ~ tlll n \9'1~ 'U 'U fI 11mtl'U ~'VI1i'VI tlltllff1 'U l1 [)-1 l\9'l 'i 'U 11 ~'U tltJtl 11 

'j/ d. 'j/ 11) ryQl t 4::t I 'jI.q,d, jI 1I)"Q,I ". 
mlmtl'U'VIl1tl-1 l\9'l'iUml111 \9'1 l'i tJmlN"U1tl'\J[)~ml11'i[)'U ~'VI1i'VIl1 [)~ l\9'l'iU1l1tlUl1 "~\9'l1~C'] U\9'l"~ 

I '.cr d rJJ QI jI do..£i 'j/ 4 QIQI 

Ul1"~ 11 ll1" \9'l fI 1111 W'U '\J eJ ~ l1 [)~ ([)\9'l 'i 1f11111'i tl'U 'VI \9'1 ~ [)tltl1l1 tll1 tl~ t'V'l tltJ 'i u 'i tl'l:llf11 1~tlltllff 

fI1tJ1'U'~) 
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... .. 'j} 

H~fldl1J'H)'U 'j} 'j}1
fIdl1J1tl'Uf.1fl f1H~':il~ 

OJ 

tl1JH 

'j} "';'j} 

fIdl1J':itl'U 'VI '11 tl~ 
., 

1~i'm1~'I11J~ 
f-+-­

'j} 

fll':ivnfld11J1tl'U 

'j} 

fll ':i vn fId11J 'H) 'U 

( \Jfl 
I 

'I1'U"H 

nm) 
1mWlfldl1JLg'\.J

f-+­
'j} 

'tItl~'I1tl~ 

o 't G 'j} o.c!l.c!l 'j} 'j} 'j}

fll':ifl1'U lW ~ 'tItl~'I11:'l~f1111JW'\.Jl'ltl~f11'U~f.1~fldl1J':itl'\.J'tItl~tllfl1':i~ltJ L~':il~fll':itl1Jfll11JH)'U
, ., 

tll f11':i tlltlvl1 t '11'fIdl1J rtl'U ViMm 1~i'm1~'I11J~ f.1 fl ffl'~ lJ':i~fltllJ'tI tl~ tllfl1':itl1J 11LrJ'\.J1J1 ~ ffl'U 
OJ 

lJ~1J1Wfldl1Jrtl'\.J~LrJ'\.J 1'111:'l~f1111JLg'\.J tl~~tl~fllJ':i~fltllJL'l1'\.Jt~tJlnlJ 1 'I11:'l~lJi'lJtllfllff fltl 

'j} ..,; I I ...... 'j} ..t '1 'j} .1 ""'J •.I.!!! 'j} 

f1111J1tl'U'VImm'VIm'UJ:-l'U~HI:'l~'I1I:'l~f11 fIdl1J1tl'Ummfl'jtl~~'lfUI:'l~'QlJmw LTfrn fIdl1J1tl'U11 lfl 

~lJ il,j~~ 1'\.J t '\.J'I1'tl~ 't11f1 l11J ~g'\.JUI:'l~fldl1J ~tl'\.J ~1J1 tll fltll fllff~ri 1m'VI 

. 
tl111 jill'\.J lWfIdl1J~tl'\.J Viri ltJL'YI Hl'U m!~~1'U 'U tln mr~fI1UI:'l~m~ tln1 ~tllfl~1Jfl1':i 

Q = UA(~T) (2-1) 

Q = fIdl1JrmHl'V11i~1'11I:'lHl'U'I1~~fI1 J:-l,r~'I11tlm~lIfl, (Btu/hr)
 

U = ff1JlJ':i~ff'VItrilm'VIfldl1Jrtl'U Hl'U'I1~~fI1 J:-l,r~'I11tlm~lIfl, (Btu / hr· ft2. 0 F)
 
A = ~'U~'I1~~f11 J:-l,r~'I11tlm~tlfl, (Ji 2 )
 

~T = fIdl1J~1~~W'I1iJiJ1'111:'l~f1111JLg'U, (oF) 
2.1.2 f111"'~fnu;hm't1Nn.ANU.:.t~n.A'U 

tlll1 'I11f1 1111~ tl'U ~ ri 1m'VI tllfl'l1'tl~ 11llJi'lJ tllfllffHl'U ~n!~ ~'\.J '111 m~~ l'\.JL ~1'11'tl~lJi' lJ 

tllfllffl~~ lfl ~1J fll':i 
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Q = UA(TD) (2-2) 

'" Q = UIPl'jltl1'jrilm'Y1mlll~fl'U~l'W·.j,r'l~l'U t'UVJ'U'H~tu'V'l~l'U, (Btu/hr) 

QJ' .... I .ell. c1. 9J 0 QI QI 9J GI l.t!l ( 2)U = fflllJ'j~ff'Y1Timm'Y1ml1l'ifl'Uff1'H'jU~'U'I~l'U ~'U'V'l'U'H'jfll'V'l~l'U, Btu / hr· ft .0 F 

A = vf'U~~,r'l~l'Ut'Uvf'U'H~tu'V'l~l'U, (ft2)
 
TD = mlllI'iH~W'HiJiJ'j~'H'j1'l'Hfl'llJfuflltl1f1II~~ '~lJfUflltl1f1, (oF)
 

CLI .q .Q. J' 
2.1.3 'HtT;nflYll~tll'f1\i1fJN1Ufl1~llfl 

'V'li:l'1'11'U ~1 tl tl1 'i!l~f'1ff~ ltl~1'1 fllVl 1Pl6~ ~'Y1~~ ~1'U iff~ 1lJ-i 'I t ff I'If'U m~~ tlll~ ~ 
?t ~ ~..,; ~ "I ~Q1 '" ~ ","'; ~ lIJ~'" .1 .1 01I 

tl ~ltJllJ'U ff1'U 'H'U'I'\Ifl'lfl111lHI'U'Y1 'Hfl'l ~ ~'jU lJ'j1l1Wmlll 'jfl'U ff'Y11i'Y1 'H fl'l ~~ 'jU'U ~~lllJ 'j~'U• 
IPlllln~l Vlf1 tl1'jflllmlll~fl'Ull(;\~')j'iJ~'\Ifl'lifffJlJ'Illff'l flVl'l ''j~lPllllfll~'H1'~~ltlfflltl1'j 

(2-3) 

9J .Qdlt)9J QI rQl.::l ~ 0'1
Q = ml1l'ifl'W,,!'Y11i'Y1 ~~'jml1tltl1'i!l~H~''\Ifl'l~1'1fll'Y1IPl~'~1'Um~~tl, (Btu/hr) 

q sg = 1l~f1llPlfl{f1111l~fl'U~'~fU~ltl~1'1fllVlIPl6, (Btu / hr· ft2 ) 

A = vf'U~m~~tl, (ft2) 
••1 o'..,j 01

F = 11l1f1llPlfl'Hmfl'lU'Illff'ls 

CLF = 1l~f1llPlfl{1 'H~~mllll~'Uffl'Hfum~~tl 

2.1.4 f1111J1tlU1l1fl'V'!lItT~tT-jH 

fll~'H1mlll~fl'U~'~fU~ltl'~llff'I ffil 'I '~~ltlfflltl1'j 

Q = 3.4WFB (CLF) (2-4) 

~ "'''';lIJ~Q1 "1 • .1 IQ = f1111l'ifl'W,,!'Y11i'Y1 ~~'jlJ~ltl ~1111ff'lff11'1, (Btu/hr) 

W = '\I'Ul~'H~f)~'~, (Watts) 
• .1 0'01 0'FB = 11l1f1llPlfl'jlJ~~lff'Y1 

CLF = ll~f1llPlfl{1'H~~mllllg'Uff1'HflJ'~llff'lffil'l 

3.4 = r\lf1'1~~l~t'Wtl1'jllJ~tJ'UilPll'1tl1'I~'U 
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HvlrH\P1tl1 CLF ~'IJ~~'IHl'IJmllJ1tl\'\'illflivlHff~ff-hHhu~f1fl1ff~~1~ "l tllJl1.. . 
tl~1J1Wfl11lJ1fl\'\~f1flfllJ'il ~~\'\fl~fi'IJ~1\'\1\'\i11lJ~~I1J~ ivl H"~~l\'\1\'\i11lJ~~1~'IJ'lJV\lmllJ.. .. 
1~\'\V\1~1\'\1 1lJ~~'Ij"U~'\Jfl~ 1flHff11~fllfll1 'lfiJ~'\Jfl~ 1fllJ i vllm:::-el1Pl11fll'i'i:::'IJlfJfllfllffi\,\mw 

" .'llJtl.cl\tl''j} o~~ 'j}.cI l!!I
IPIfl I \,\ IlJlPlfl~fll\'\~f1~mlmfl\'\'YI\!flfllJflfl 

o d 0 i ' .cI.c:I 
. 

'j} Q.I

1) 1::: 'IJ'IJ'YIlmllJ!fl\'\ 'YI1~1\'\1ll vn::: \,\ 'lf1~ 'YIlJ ~ fllfffJ
 

2) 1:::'IJ'lJV\lml1JI~\'\V\1~1\,\\,\l\'\fl1116 i111J~
 

3) i \'\'lb~~ i1.iij~fllfffJfJfl1Ji ..r~Wl1 fJiJ..rfl~'Q; ~~\,\ (~W 11 fJiJff1~)
 
Irlfl~'illflmW ~~fl~11'\Jfl~'IJ\'\iffl1'IJfJ1Jffm\'\ fll1W~N "l lJlfllJlfJ ~:::J\'\'il:::~fl~li1flfli '*
 

'jJ QI QI 'jJ ;: ~ l!!.I ii/I

CLF ~1fJmlm:::lJ~1:::1~ ~1t.'Il1IP1\'\lfl~'il~I"flfl 'lffll CLF = 1.0
• 

i' 
2.1.5. fll1'J.J'HI1HnflflU 

'jJ t 'j} QI QI Y .. I 'jJ

fl\'\ fllfJmlmfl'U flflfllJlm i \,\1tlml1J1fl\,\ fflJ~fflm:::fl11mfl'UHI'l~ mlmfl'UfflJNff.. 
fll'il fI mY1'Utl1::: flfl'IJ'\J fl~ fll fll1 fllJ i ~~ i~ ll~ fl11lJ1fl'UllN~ 'il::: i 1.ifll'ill11fl11lJ1fl 'U fflJNfflm:::.. 

i/ .1.dllJ i/O' llJ i/
mlmfl\'\HI'l~'Y1 t~1'IJ'illflfll.J 1~'illflfflJfll1 

Qs = qs n(CLF) (2-5) 

(2-6) 

Qs ,QL = fl11lJ1fl'UfflJNfflm:::mllJ1fl\'\llN~~ i~~'IJ, (Btu/hr) . 
'j} QI QI 'j} .. 1 .::Ill) iJQI J 

qS ,qL = fl11mfltJfflJ~ffll,,:::mllJ1fl\'\1l1'l~'YI1~1'IJlPlflfl\'\ 

n = ~1\'\1'Ufll.J
 

CLF = llvlflllPlfl{ll1,,~mllJl~\'\
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. v .., v v 
2.1.7. f1lUn8"H:nfl81fl1f'1nl'll1,"8~1!~::;nfl81fl1f'11::'lJltl 

mmfY~':H~l,r'eJ~ ~'eJmmfY1l1flmtJ'U'eJfl~ i 'I11:'~l'U'li'eJ~l ~'I111~m'eJtJl!l:'::tJ1'Umrl~1.:J 
"I .1 y '1 Y "I .d. Y '1 Y .1'" Y

'I1l 'eJUl::911'tI1 lJ1I 'U'I1 'eJ~ mmfYl::tJ1tJfWmmfY1l1flmtJ'U 'eJfl'VI'U11'tI11J1I'U'I1 'eJ.:JultJmfllfYfl1tJ.. 
f1111l1l~ 1111 fltJ~1'UmliJi'tJm1~~'eJiJmwiJi'tJ~ltJI:'1I mll'l11m11l~'eJ'U ffll~ff~,r 'eJ.:J itli'tJ1l1fl• 

~ Y Y Iil Y 
'eJ1mfYl1L'tI1'I1'eJ.:J Ifl1l1flffllflll 

Qs = 1.1 clm (TC) (2-7) 

QL = 0.68 clm (Wo - Wi) (2-8) 

1fltJ~ 

Qs ,QL = m11lr'eJ'Uffll~ff, f1111l~'eJ'Um.l.:J~'1tli'tJ1l1flmmfY~11~1,r'eJ~ 

... .d.dlil Y (60min/hr 0.244Btu/lb.oF
1 1 . = 9l1f1~'VI'VI Ifl1l1fl~I:'f1W 3/ 

.. 13.34ft lb 

'" .d~ Iil Y (60 min/hr)(1 050 Btu/lb)
O68 = &fl1l1fl~I:'f1W. 9l1f1.:J'VIC)f~ 

.. (13.34ft3/1b)(7000gr/lb) 

clm = tl91l1'1m'l'tl'eJ~mmfYi'1Ioi11,r'eJ.:J'I1~'eJ'eJ1mfYl::tJ1tJ, (ft3) 

TD = m11l~1.:Jl~'I111.:JtJW'I1tJiJmtJ1'U1I1:'::mtJ'U'eJfl,r'eJ.:JiJi'tJmmfY, (oF) 

" W; ,Wo = m11l'if'U~11'Vl1::'tI'eJ~'eJ1mfYmtJ''U1I1:'::mtJ'U'eJfl,r'eJ~iJi'tJmfllfY9111lii1fltJ , 

(grw/lbJ . , v ~ v.., ... v
2.1.8 fl11t11t1n1f1lUI10'U &,"flmN~8jJ'8'lJ 

~ I.J Y GI d" '1 "OJ' IQ,I " 
t'U 'eJ.:J 111 fl ff1 'U '11 'U.:J 'tI 'eJ.:J fI 1111 l 'eJ'U ffll ~ff'VI'l1 'eJ.:J fll tJ f:l1m 'VI ~1 'U 1m.:J ffl1~ 'tI 'eJ.:J m fill 

I ' iI" ' 
'eJ'eJfl '1 iJv~iY.:J~ 'eJlIl'eJ tJ ~::u 'U fI 111l~'eJ'U ri1'U U~.:J '1:J,j1 'lil 'I1l:'fl 'tI 'eJ.:J,r'eJ.:J iJfl~ 11:: j!il'U 1W f1111lr'eJ'U 

" . 
ri1'U u1fltJiJi'mllm11lr'eJ'U bYlI~fffi,r'eJ.:J '1tli'mllflfllHJ1m11lr'eJ'U i'.:JiY1l1flfl1~mVi91tf ttff~ ffl1.:J 

fI 'U tm::tJiJmw ffllflll ff1'l1 i'tJi'11'U1WIPlTlJi'tJrlltd'eJ.:J 1l1flflllOltJI'VIm11lr'eJ'U' ,rtitJ ~~ ~'eJ1I l'eJ1J 

Fe = 1-0.02K (2-9) 
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(2-10) 

F = ~lf1W!~mH''IJ~lflll:IJ~'f),Uff:IJH~~,rfl-:J'~i''IJ c ..
 

, • !J/' I (/ )
K = fIlflll:IJ'Wlml:lJ':ifl'U\P1fl'l1'UlrJml:IJrJll, Btu hr· ft·oF 

L = ml:IJm1'IJfl-:JH,r-:J~1'U'Uflfl, (ft) 

Uw ,Ug = ff:IJlh~~'VItcilm'VIflll:IJ~fl'U'lJfl-:JH,r-:Ju,,~m~~fl\P1l:IJih~'IJ , (Btu/hr· ft2. °F) 

A w ,Ag = ~'U~H,r~ ,m~~fl, (ft2) 

K= 

1P11U'I1 U-:J mJm w!rlmYirJ'IJ ti'IJ m ~ U~":IJ'I1 ~ fl,rfl-:Jt.li''IJfllfllf1 q 

!J/ 0' 0' 1!J/:; 0' t.I 0' 0' '!J/ 1U'j -:J:lJl:IJfl!\P1fl':i :IJm\P1fl'jfl~'lJl-:J 'U'VI-:J:lJfl!\ilfl'jU"~fl mw :IJm\P1fl':ifl~'lJl-:J'Uflfl q 

tJ c(d J.QI iJ <"et JtQIet Jt I" i fl mW'VIf:1fl'IJ'IJ!f1"fl'Ufl mW'VIf:1fl'IJ1J!f1"fl'U'VIf:1fl'IJ1J!f1"fl'UflrJ'lJl-:J 'U q .. q .... QI .. 
'!J/'!J/ 1flrJ'lJl-:J 'U fl~'lJl-:J'Uflfl.. 

1/8 260580 320 

1/6 430 280710 

1/4 3601000 640 

1/3 4401290 850 

1/2 1820 1280 540 

3/4 2680 1930 750 

1 3220 2540 680 

1-1/2 4770 3820 950 

2 8380 5100 1280 

3 9450 7650 1800 

6 15600 12800 2800 

7-1/2 22500 19100 3400 

10 30000 25500 4500 

15 44500 38200 6300 

20 58500 51000 7500 
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2.2 ,nY8~1"'~8Vl'-W (Fire Tube Boiler) 
y : ~ ~ d Y: do }! i yJ ~ I QJ jI 'JJ QI GI 'j) .Q lI] 'JJ

l111tJ'Wl'lf'Wfl'\.Jllh..ll111tl'Wl'Yll,..n~ 'If'\J'W1J1fl-:.lllflfflltlll'ifi l111m.Jlfflltlmfi '1 1l1fhl'Wfl1m.Jl 

flll11fifl~'W~l l'WihHI1J''W cJ-:.lffl1J1Hll~-:.ll'Wfldl~~~~l'Wl'W hh!fltl ll~11'\l~ijfl1t11h~1J1W 100." . 
iJml'l~\91111 

.. .. 
l1~ml1l111flfllrhr'W ~l11'Wfil~ 3 l.h~lfl'YllmY '1 mlllimjw~'\Jfl-:.ll111flfllrJ (Internal Tube) 

.. 
1) l1~m.Jll111flfllll1111 vJ (Flane Tube Boiler) .. 
2) l1~ml1l111flfl~fl'W (Hot Tube Boiler) .. 
3) l1~ml1l111flflll'i~ffll (Combination Fire Tube Boiler) 

'JI 'JJ 'JI J 'JI 

l1~ml111-:.l 3 1l'i~lfl'Yl~-:.lfiril1~1-:.l~'W l~ 'Wl1 ~mhVi 1vJll ri'Wfl~l 'Wl111 flflt11fl~U 'W ~h'W flfi'\Jfl-:.l .. . .. 
... 91:::'1 11).1 '191"1 "" I 91 'I 91 0

l111flfl fi1H-lllflflll1J'ifl'Wl1J'W IlJllUU 1'lf'V'l'W'Ylmm'Ylflll1J'ifl'WfI1t1 1'W (Internal Furnace) l111fl'Wl 

11) .d ~.% 11) ~ I"" "" ... 91.d ... J 11) "" "I 'I 91.% .d.
l111flfl IvJ'\J'Wlfl'Yll\91t1-:.l'\J'W 11Jflfi '\l~llllfillW~ff'il-:.l'Yl'V'l\PJJ'Wlff-:.l1J1fi'\J'W 11lflfi flfl'\l~ l'lf'V'l'W'Ylmm'Yl 

" 
jJ 1 jJ 1 I d~ ,,: cv ~ .c::I 

ml1J'ifl'WfI1t1'Wflfi (External Furnace) llUlllflltl filll11fltl-:.lltl '1 fiflfll111fl'Wl11UUl111-:.l'W'\l~ll .. .. 

l\911V!'Yl'W 1vJ '\J'Wlfllmy I'idl1~flt11'\l~11-:.lfl~1'W l\911\91fl'WU'W llnfflHl1l1~1 'W i'W mfi'\l~ffll HfftiU~h 
.. .. .. 

jJ 0 jJ.e9 J jJ I 11) ...Ii 91 0 ...

'W flfi'\Jfl-:.ll111fl'Wl11m'\l-:.l'\l~lli:'l'Wl'\Jlffl111flfl rY'l 'Wl111fl'Wl'W'W 
" 

.. 
QI " 'jI 0 

l'lfillW~ flflfillU U1:Y'il-:.ll111fl'W1 
.. 

QI jJ _I.q j} o.c:t.QI 'jJ

1) fl\91'il~flflll1J'ifl'W'\Jfl-:.ll\911 W fffl11~lJfi\91l\911l111fl'Wlm'illflfl'il~flflll1J'ifl'W 

2'" ... 91 91 91 "'''''0 11)1<>
175 MBh / ft fl\91'ilHl'l\P1flll1J'ifl'Wflltlfi1'i'V'llflll1J'ifl'W (Convection) llfillfi1l1'Wfl1lltn'W 

10-12MBh/ft2 .. . 
QI QI t!I.c::I QI "jJ 'I" Y,. .c::I .q

2) llfillW~'\lflll-:.l'V'l'W'YlHl'lflml1J'ifl'W '\l~\91fl-:.lflflfillUUll-:.l1l1\lfi\91fl-:.l1fltlllt'Ylfl'Wfllll'l~ 

flll11i-Wtfl'lll'Wfi1'ill-:.l~lllml-:.ll1lifi 1ll'l~fli'll~l-:.l '1 l11mll111lvHfl'W ~fl'\l'Wt~'Wllll'llllff-:.l fi1'i 

iJ Y Qloe:::I 0i" QI jI lIJjI dYr:I ~ 1 AQllI]l
m~'\llt1flll1J'ifl'WflltlHff '\J~'Yll l1ffl1J1'itlHl'lflflll1J'ifl'W 1fl1J1fi t\911'Yll'lfllfifftU'Wt'lfflt'V'l1l-:.lllfi 111 

~fltlijtlll'llllff-:.lfi1'iHlifltllgCJ'Wml11~fl'Wtnflll~m'i'V'l1ml11ffl'W t.wfJ-:.lfldl-:.lt~tll vh llf~fl-:.ll ~vifl .. . 
~ t!I .c:I QI y.e9

till '1 lU'W'V'l'W 'YlHllflflll1J'itl'W '\l-:.l'\l~'V'lfl 

'JI 'JI 'JI 'JI 

3) flll11ffl11l'itlfll'llm~'W1flt111lfi~ l~'W 1flt1-ll~~l ll~l1-:.li1 dflll"Xflll~lifillW~fltJtlllUU 
'JI , 'JI tJ 'JI 

11'\l~ 1~fl\91'ilril'WYi'WViHliflml11ffl'W~tJ1l7111\91'it11t~tI-:.ll 'Wnll1'Wfltvil1fl l11fi~fffl11~Vil1lft11 
11) d ~ 11) 11)91' J I <> 91: .! 910 <> : 9191
1l111'V'l11'Wfi'\l~t1J'W 1fl1fl-:.llt1'U'W 1l\911fltl1Jfi\91l111fl'WlllUU'W 1l1fi1t'Wfllfl'Wl1fl'lfl .. .. 

4) fi1'i 1l1l'l'V'l1t11ltl'l~l1~flt11l1l'lflfllvJ 11l~fltl~1J1mr fiVil1lflll ffl1J1HI Hliflfl1111 ffl'W 

flflfi 11l'\llfil1l'lflfllvJl~l~TYil1lfffm'itl'W~ff-:.l11l1~ 
" 
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.. 
" ... ". IlL.I2.2.2. 'U8~'U8~'t'i'JJ8U1U1.J1.J't'iiU)~ ITt ... .. 

2.2.2.1 l~tJ'Vi'l1t1,nJl 'l1t1'lfhl1~ ltl'l11 tlthJtlmHltl~ lvJu~dhJ7mw1~;~fh1,r'l1~tl.. 
II I I	 JI I 

tJl"1wnJfi-u~~lt.! 1~~t.! Htl::;~t.! ~::;t'Vitlt.! 1~~1t1 H~llV\PI'n 1.fftJltl1l1l1::; i~~iht~~tl\PI~tl~n~l 
, . .. 

'I17tlV\PI':i1fl1':i tHl1 'I1~l~~~lt~~tlfHVi~~ 'I1~tltJl'11~tl~1vJ;~~lt1~tlfl1':i 1.ff~lt.!u~::;mlt.! tlt.! mn 
.. .	 .. 

j} 0 Cll..4 old. QI j} o.Q. \t) 0 0 It)''1
2.2.2.2 fl1':i ~l~'VIlml~~::;tl1~ H1V'!t.! 'VIH~~f111mtlt.! fl1tt.! ~ !tlt.! lm::;Vl1 !~~lmV'!':il::; 

JI t JI JI t I 

~ ... cl 0 iV iVo", lIJV , "' ... '1V~ v
t1Jt.! V'! t.! 'VI.f\1t1t.! tln"ltl~ 'I1~tll'l 'VIl '11 ~lm ':i t'l 'l$t.! It~t1~ I ~'t'J n ~.f\1V'! t'I1m::;mJ1~ t1~'VI11::; I'l$t1Jt.! 'I1~tl 

:'OQl 4 d I ":4 ,,: \t) ~ ":'4 .:'d CI": 
t.!1fl1~~tfl ~ tlt.! 'VI t'l$t.! 'I1~tlt.! It':itl H~::;'I1 ~tlt.! 1':i t'l IvJ '111m1Jt.! '11 ~ tlt.!1t':i tlU~t.! 1n 11::; ~lm ':i t'l I'l$t.!1 

JI 'J/ 'J/" 'J/

1t.!tt~tJl'Ut.!t~t.!tJlt~V~'I1~eJtJl l~mv 
d Q.J QI j} I 

2.2.2.3 t'lnn::;'VI~':i~tm::;~':il~~lV 

.. ~ 

2.2.2.4 tJl1~~fJ~1J7q'VIn,rn 
" . 

2.2.2.5 ~1(lltlUl1~~~lt~~tI 

" 2.2.2.6 fh~lt.!l~vi~lln~u~::;v\PIlt.!~~ (Manua1- Auto) 

" 
2.2.3 ,j'8tih.l'U8~'t'i1Y8..httl.Jl.J't'it18~'~ 

I 'J/ 'J/	 I 

2.2.3.1 n n t7~ ~~ tm'l1 ~tltJ1'l$11 ~ tj i.ffn~ It.! It.!;~ l1::;t.,r1~ fllV'!'Vi 1~ It.! 1l n ~i ~vit ~t.! 
I ~ ~ d ~ , :'ad j} j} I r 10	 " 

t'l$t.! t.! tV'! ':i 1::;'VI ~ t'I1 'I n'l$t.! ~TW U'l::;t.!1~ ttJt.! 111t.!It.! m n\PItl~ 1'l$n~ It.!1t.! n11 't'J ntl Vl~ l1::;f1tl tI '1 ':i tit.! 

.l"JI '" 
"It.! 11t.! t'l ~tlW '11 fl~'VI1~1t.!.	 .. 0 

'J/ 'J/ 'J/ 'J/	 JI 
iJ 0 lII ...I.cld 0 QI	 0 QI 0 j} 0 d

2.2.3.2 'I1~tlt.! lit1J1J'I1'ltl~ !TIt.! ~t.!1'11t.! nmn ~m ':i t'lt.!::;t.! 1'11t.! n 111tV'!1::;'tI tl~'I1~tlt.! 1~ 

~hll':i::;mw 1 kN/ kW 
JI 'J/ 'J/ • 

o '"	 lIJ 0 v 0 lIJ •.1cl' V 0

2.2.3.3 ~m':it'l'W::;fl1':ifl1tt.! I'l !tlt.!1't1tl~'I1~tlt.!1'11'ltl~ !TIt.!f1tlt.!'tIl~\PIl 

v	 " "'lIJ vi v ... v 'I v ~ .1 1 0' ...01 '01 

':itlt.!t.!t.!~ l~ 'l$fl1':iUV'!':iH'l'mlmtlt.! Im1Jt.!lJ':i::; V'l$t.!tV'!V~V'!tl 

"	 " " " 2.2.3.4	 1t.!mwt f1~'11 ~tltJl':i::;tij~ 11 djVt.! \PI ':ilt1mn tV'! ':i l::;ii vi~ tJl ~tl t.!tt'l::; 1 tltJl ~1t.! It.! 

" mntldlt.!'I1~fJtJl 

" "	 " 2.2.3.5 'I1~fJtJl'lJl1~tjl1::; l~~lm':it'ltlltl1~ ltltJl~1t1f111~n~~t.!~~nll 20 lJ1{tn111~.. 
JI • JI, 'J/ 

tV'! ':i 1::;Yit.! Vi.f\1v1t.! 'I1~tltJl'1:ht.!Vitll111~ ltltJliimn 'Vi11,rll':iln{Jt~t.!tt H n~~t.! ~1"J ~ l~t.! ~~ ~lti~ 
" 1~1 ,rtlltl1~ ltltJlml~~t.!~ ~ '11~ 
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" 
2.2.4 th::if't1fifll'Vt'UM'tn~8'8U1 

""lIJ"1 "I' ... "" v ...... .,k,J , ...
2.2.4.1. ".!tytfftJ I u'Yl1~u~reJ~11·H)".!tylfftJfI11lJ·Hl'UfflJHffClf~'\l1.H)~n'U 

QI I I 4 .q " 2.2.4.1.1 tI\PI'j1ff1'U{llf)lfl'\;rm'lHJl'VH1~ 

" . . 
11 ~tJ'lJ 1'O~Vh~1'U i ~tld1~liu'j ::ff'Ylnmw ~l{llf)lfl'Vii'*tH1 i 11~li ililllmn'U,j~lJ1W ni'*ff1111'U 

f)l'j tHl i 11~li ililllmn'U u~lllw~i'*ff1111'Uf)l'j tH1 i 11~tld1~fflJ'U'jW U1111W {llf)lfl'~tn'U 'O~ ili 
'" " .

vhuiln~tJ1 i 'U f)l'jtH1 i11~ ~~tltln~t'O'Uu~::i 'U l\P1'jt'O'U i 'U{llf)lfl'ntn'U '0 ~~~~mI11lJ~tI'U i 1'O'Uli 

tlW11 f1:ij t'Vi1t tn'fftfftJtltln U~ tI~ ~1U~lJ1W{lln 1fl'~ tn 'U t~ ff~~t~ ffflH fftJW ~~~ 1'Ufl11lJ ~tI'U lJ1n~'U 
q cu cu <uti 

i 'U 'Yl1~ uill1~~~w tJ1 tJ1lJU1UU~~ i lfi,*tl1f)lfl'~tn'U'I!tltJ~ "1~ 1~ tJ ilili fl1'U ~ 1~u1n u~ tI~ \PI ~ tI~ 'lf1~ 
" " .

f)ln'h~l'U'\ltl~11~tlitJ'lJ1'fi~U~ Low Fire (t~'U 111~~~1) 'O'U(i'l High Fire (t~'U 111~~".!'l) l~tJ 

U~lllW {llf)lfl'~tn'UtUtI{tc)f'U ~ff1111'jtl1~ i~l~ tJi ,*tflftl'l1\P1U~lJ1W m{'UtI'U '~tltlniClfrl (C02 ) 

111t1U~lllW tltIn~t 'O'U (02 ) i 'UUn'fftfftJfltl'UtltlnU~tI'lU~lJ1W m{'U tI'U i~tltln iClfrl~t'I1111::fflJ 

mii'U'lf1'l 13 - 14.. 
'" <:'I "" .1 • v,J, ...

2.2.4.1.2 91W11 f1lJUnmfftJtltlnu~tI'lllln - 'U tltJ'\l'UtltJn'U. '" '" " " .
1) nntltlnH'U1J11~tJ'lhtA'i'\ltl~i'jilii~ t'lf'U 11~tJ'lJ1 4 n~1J'O~litlW11f1iM1n",h. .. 

'jJ : Q,I 4 QJ a 'jJ.c::I I 9J j}QI: J a .c:I 

11lJtI'U1U1J1J 3 n~1J11'jtl 2 n~1J tW'j1::unff'jtl'UlJnmmm'Ylfl11lJ'jtl'U i 11 n1J'U1'U1'U '\l'UHn'fftfftJ 

tltIn,j~tI'l 'O::li tlW 11 f1:ij~ 1nl1. '" 
2) fl11lJff~{ll~'\ltI~ ~hmtJi'U 'Viti ivM1~hrl1tJt'Ylfl11lJ~tI'U 21t'\l~lmUtI'U rltf)l::11'U1 '0:: 

" t~ 'U1l 'U1'Utl'U rl1tJt'Ylfl11lJrtI 'U 

2.2.4.2 ".!tytfftJ'illnf)l'juH1'lff (Radiation Losses) 

z:'1 .c::I jJ I QI ... 1 jJ IQ,I .c:i

1) tu 'Unn".!tytfftJfl11lJ 'j tI'U H1'UH'U 'l t\PI1 u 'j ~ n tl1J~ 1tJf)l 'j UHH ffU~~f)l'jW 1 

v 
fl11mtl'U 

2) ~~t1'J'UU1lJ1WfI11lJrtl'U ~tl11it'l11'l11tJlf'U~h~tJi'11lJ'l 

;ll "",J , ... '" v: v.... v: 
3) tu'U f)l'j".!tyt fftJ'\l'U tI~n1J'lf'U~ 11lJtI'U1U~~f)lnllJ 1l 'U 1'U ff111'j1J11lJtI'Ul 

11~tI ivJ f)l'jffflHfftJU'j::lJ1W 1.5 - 2.0 %.. .. 
"" v.d viv v:v "i <:l.d

4) f)l'jfft1HfftJ'O~'UtltJ'Ylff~ m 'l1'l1'U11lJtJ'Ul\P11tJ I 11~~t\PllJ'Yl\Pl~tI~n~l.. .. . 
" 2.2.4.3 ".!tytfftJiUtl1J1.hl1J~~11.w (Blow Down Losses) 0.5 - 3.0 % 

1) ~tI'l 21f)ln~1Jlmi1i 'U 11~tI itJ'li1vr'lt~ tJU~tI tJ\PI::: ntl'U '\ltl'ltnijtI~\PI n~l'l 
tltJn i U t1'J'U f)l'jlltl~tl'Uf)l'jtn~\Pl::n1'U i 'U'Vitl 

J IQI : ~ 'jJ QI ': ~ a 
2) '\l'UtltJn1JflWmW'U1t~tJ'lmU'j1JUHflWmW'U1tM'l~U1lJ1W l1J~~11.w'O~

lU q q q 

V <:l "" v ILl V
'U tI tJn 'O:::".!tytfftJ'U tltJ\PI1lJ Iu \Pl1tJ 



13 

" " 3) trlmlUll'rlUll~tI~1~~ ~f.N lU"fll1U\Pl"tlfll'Hn f11'i~~1'J'\.nUlf1111J~mJ• 
tl~U1Jli,*1J'i~ ltl'l1U 

2.2.4.4 liYtl1U'\lW~I\Pll~U (Down-Time Losses) 

gJ I .ok '" .1 I IIJ.I 0 i gJ d gJ

1) f1111J'itl'\.J""1'\.J'I1'\.N\!tl":lJ'l1tl~fltltltllJ"tI'I!lJ 'VI1 m\Plllt1'\.J"'1 f1111J'itl'\.J 

"" I .ok IIJ.I ji:
tltl ""1'\.J '11 '\.J'Itltltl !lJ 'iJ ltl'l1:lJ fl'\.J 1 

.a g): d' e:t. i I ~ .t:!l 1 ell "1 ... 1 I .d 
2) l:lJtI'I11JtI'\.Jl""\Pl1'i'YI\Plfl '111J 'iJ~""'\.JI1J"tI~I'l1m'rl"'1 !lJ""1'\.J'I1'\.J'I 

..c:I~ ~QJ C!Io gJ "l'd g):
3) tll'i f(f:IH""tI'\.J 'iJ~ ItlfltlUtll'i Ifl'\.J i'l1'11'\.J !:lJ 1\Pl1J\Pll1Jfl11:lJ ~11J1'i f:I '\It1'1'111J tI'\.J1 

'" u 

.. 
2.3 ,"lti~'8Ul 

JI J I JJ 

M1iifl 1t1Ull~'\.J~1Jmilll1i,*'I1~tltll'iYll'11'\.J1fltI i M''\Ifl'l1 '11 "Y11'1 1'\.J l1iifl111J~'\.J \1'1 1'lf'\.J 1 flUl 

til 'I1j'flflltllff1 '11" Hl'\.J 111iiflllUU~I,j'l - Ul'\.J 'flfltl 'YI1~fl'fltl'\lfl'lM1iifl ~~iifl111J1 ~1~\1 '11J1tl 

Y11 i M'~fllfll'\1 fl'l 1 'I1"~'1I~'\.Jm'i~'VI1~~l'\.J ~fI~iifl111J~'\.J ~1 ('\Ifl'l1 '11 "'VJ9itllJ ii) 1'lf'\.J 1 fl 'I1jfl 

flltllffl,j'l hIH~:lJ~1t1ti'\.Ji'\.J M''fl'lf'j~1J lfltlfl'fltlllUUi M'tll'i f'j~1JI~'\.JllUUfl111J~'\.JfI'I~ '\IW~~ 1 '11" 

Hl'\.J9i1m~ ~lt1'\1fl~ld'\.J ~i~~tl'\ltl1t1'H U'wifl 'iJ~Y11 i M'lfJflfl111J1~1 (Velocity Head) 11J~tI'\.JI~'\.JlfJfI 
QI QI t .ci ~ .c:I d ~ d QJ 

f1111JfI'\.J (Pressure Head) fI~'\.J '\.J'\ItI'IH~1J'YI'YI1'1fltltl 'iJ'I:lJfl11:lJfl111J1'i 1\Pll"'1 '\IW~'YIf111:lJfI'\.J ~~ 

1~1J~'1tl11f111:lJ~'\.J 'YI1'1~1'\.J fIfI ~'111~fI'I t'\.J'i1J~ 2.2'" .... 

PrimM)' Fluid 
~~ 

(Higb Pressure) 

(Low l'ressurc:) 

Discharge (1 f Mixed Fluid 

(Iutem"-"dinte J)rcssurc) 

. " 
luii 2.2 1l~fI~tll'iYll'11'\.J'\Ifl'lM1iifl1'flUl 
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I. Vo.l(ur\ 

2, S.!;:1ioo Ch::utlbr.r 

6. SUtOOIl 

8. Sh~D 100cl 

4, Slo::lfll Cites! 

5. Nau:le 

it. NOlZ!&: 1l:ow.~ 

Itt. DLm.~'i{jI' ltlr""l 

. ~ 

1,Hi 2.3 U1:Y~'Hi1u'lh~nflU~l~ "l '\lfl~'I11i1~'mh 

0'" "'l
1:Ylflty fI fl 

2.3.1 l11iiYl trJufltJmci'ill1fun1'j!tJ~tJU't'f~~~lUml1J~flU!rJU'VHr~~lU~~tf 1~tJ~~mfftJ. 
m'j~~f1111J~U !~fl~l i 11'fIl11J!~l'\lfl~ 1:Yl'j~ln~l~~' l1~~lU'I11i1 ~iiflll1Jt~1~'VI1~flfln1:Y~nll 

OJ 

d .e:. ~ ~I d.a.d 1 QI I .d I .... Id ... 1 
ml1J!'jllnq~ l1'jfl!uUflll1Jt'jltl1Um1:YtJ~ (Supersonic) ~tJmfftJ'l1tl~'VI1~'VIf1fltJ "l !u~tJUUu~~ . .~ 

'\lU l~ mh~ 1:Y1J1t1:Y1Jfl~ -nYu ~nllw~'jtJiH '\lfl~'I11i1 ~ ~~trJuu UlJ ~t.,rl-1JlU flfln~~u1:Y~HiU 'jtJn 2.4 
OJ OJ OJ 

Pi 

00 
I 
I 
I 

..... 
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td fl-W~ THU lf11l1~ml~ M'i 'U 'Vl1~'Yl tllJ ~'\Jfl~ f11l1 11 'l r-h'U 111ii~H~'UU'U'U1 fitCJf'U 1'Yll t1fl 

1~tJfflili ~i M'\J fl.:.!l 11 'It~'U tllCJfffll'lJlW 11Jfl~ H'l'\Jfl~ fl1111t fftJ~'Vl1'U '\Jfl.:.! 111ii~ U'l ~ ff.fl11~.. 
f11l1 11'l'\Jfl~'\Jfl~1 11'l~~'Utl U'lJfl~~1 ~~ih)flll"h'Ufl11111flqfl (Critical Pressure Radio, rJ 

. '" 1 d [2 ]k~1 "" I "" lIJ Yd .,jd I

ffl11l'lJ ~ / ~ <r ~tJ'Yl r = k + 1 'YHl1lWl1l1flffllf11l~~t'I1'U11 ~~tU'U 0 t~flflfitllflc e 

~ ~ 

tfflJ'\Jfl.:.!li~fffl.:.!t'Ylflllij~1t'vhn'U ~fl tfflJ'lUn'Uij~lt~'U O· ~.:.!U'U 

~ = [_2]k-I
k 

(2-11) 
~ k+l 

~ 

ffl111'lJf:lW11fJi11fltlflm l~~~il 

(2-12) 

, II I I 

ffl111Uffllf11l'\Jfl.:.!f11l1 11 'l~1tJfl1111t ~1l'11 {jfit fftJ~ tijfl¥i'U lit~'U f1~tli'\.Jti'lJmll1~'U 

'\Jfl~'\Jfl.:.!l11'l m~lflffllf11l 

~lflffllfln~lfil11'U~liM A)At t~'UUflllri1'U'\Jfl~~'U~i'U'YlqlJ~ ~.:.!ttff~~ 
~ . . 

fl1111 ffllVl'U nl~'I1'iHY1'U li 'Vll.:.!fl flfl '\J fl~m 1tJ111ii~ tijflUff~.:.!fl ~i 'U t'Yl flll '\J fl.:.!t ~'U r-h'U t('U 6fl'l1 ~ 

'\Jfl~111ii~ ~~l~ 

De Ae]0,5 
(2-14)

D
1 

= [ A; 
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QI I 'jJ 0 \11 0 " Yet.. QJ

k = tl91ni:YTWfldl1J~tl'U'illl'Vll::: (!tl'Ul1111-:.ltl1J~l k = 1.3) 

"nfJW:::nHl-:.lfllrJi 'U 'Utl-:.l,rl~ 1I~-:.l i 'Uffl'U~ril~l11~:::1J1'U tltln ii"nfJW:::I~'U'I'l~-:.lmlrJ.. .. 
JJ I sJ I " 

1i'-:.lU'Ulijtl!fl91~ lffl'U'U tl-:.lVl'U Vi i 'U 'I'll-:.l'l'l(]fJ iJll~:::1:!1J~l1J'Utl-:.l n ~1 rJYi ~ I~l11~:::lJ l'U fltln Vifffll1::: n 1~ 
" 

tltlnlllJlJ 'iI:::ffl1J1Hlnl11'U 1I~111JrJl1'Utl-:.lmlrJ,rl~1I ,~'il1n~111J!'I'l1-:.l91~lmuiJ~ 1i'-:.lU 

(2-15) 

1 = ~111JrJl1'Utl-:.lmlrJ, (fl) 

B = 1:!ml1J'Utl-:.lmlrJ, tl-:.lfll 

2.3.2 ';l'lfUnJ 1~'U'il-:.l~'Utl-:.l '11mJil1JfliJ ll~:::'Utl-:.l'11~'I'l~rJfliJlnllm~~ff1Jti'U m~ll~~l:::M 
Iii lU II. lU 

" .
i:lfll'l11m~~ff1J'Utl-:.lm:::llffm~'11~l1-:.lfftl-:.lI~'Ull1J'U 1 iJ~ 1i'-:.lllffll-:.li'U1UVi 2.5 ff1J1J~i,rm:::llff 
" " 

l1-:.l fftl-:.lii U111'11n 11JI~n~ II ~:::fl91~lffl'U~ l11J~tl 'U ~ll'Vll:::ll'hti'U 'li~lI ~~'Utl-:.l~ l11J~tl'U ~:::11 il-:.l• 
" ~U-:.lvitltilJm:::llff'Utl-:.l '11~ ffl111'lJm~tltlnlllJlJ,rl~lI itlUli ,rm~~ff1J~:::11il-:.l11Ulfill x ll~::: 

~ Q,I.d 11) Q,I I ~ ~tl.d3JQJ I 'jJQJ 

IlJ'UlllJlJfldl1JlI'U f1-:.l'l'l 'UcNm~ !'I1~~ff1Jn'UtlrJl-:.l ff1J\!~W 'iI:::lnll'U'U'I'll1 'U 19111 1 ~:::1111-:.l11'U 19111 

... Q d v... Q ~ 
1 ll~::: 2 tll'i1lf)lIm~'ll'tlfl'Ul1-:.l (Transverse Shocks) 1l~:::'I'l11'U19111 3 f1111J1~1'1'l1-:.ltltlnllJ'U 

fl'U 6 n ~::: lJ l'U f11~ 't1 1-:.1 l'U I~ 'U lllJ lJ i tl!CJf'U VI ~ flil fI 111 rJ nu 'lh::: tin ~i '*ff1J f11 ~ tl'U l'm11Jl ~ .. . . 
(Conservation of Mass) i:Y1Jm~ 11Jl1J'U1'i1J (Momentum Equation) ll~:::ff1Jm~'Vl"-:.l-:.ll'U 

" (Energy Equation) 1i'-:.lU 

(2-16) 
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ConslJlllL ~:..:;..S;;;bllC;;;..L;;"K~1 _....;8•..:u.:...b:s_Dn_K;__--);~ 

I'flf.\\lJrC I Dilimar I DiJTuwr ! 

I.
I.
I 

o 

. 
1 , 
I. . 
I 1

08 

I 
i Jiim----\'I m 
, 
I 

. 
I o 

mp vp + ms Vs =mm vm (2-17) 

(2-18) 

:n p = -el\Pl'Jlf)1'JlmH~'1'U~N'U'O'Ilm;nJj1lJlJij, (lbm/s)
 

~s = -el\Pl'Jlf)1'Jll1m~'1'U'O'I'U'O'Ill1'll'J~fJlJij, (Ibm/s)
 

mm = U\Pl'Jlf)1'J'l1'lt~'1'U'O'I'U'O'Ill1'l~fflJ, (Ibm/s)
 

Vp = fl1llJt~1'IJ'O'I'U'O'Ill1'lUj1lJlJij, (fi/ s)
 

Vs = mllJt~1'IJ'O'I'U'O'Ill1'll'J~fJlJij, (fi/s)
 

Vm = fl1llJt~1'IJ'O'I'U'O'I 1 l1'l~fflJ, (fi /s)
 

hp = l'OU VI1'l'tJ 'U '0'1 'U '0'1111 'lUj1 lJlJij, (Btu/Ibm)
 

hs = l'OUVI1'l'tJ 'U'O 'I 'U '0'1 111'll'J~fJlJij, (Btu/Ibm)
 

hm = t'OUVI1'l'tJ'U'O'I'U'O'I1 l1'l~fflJ, (Btu/Ibm)
 

2.3.3 ~lfl1~'ilU.l t~U 'QU mW'ffll1 flJ'lf'lfl1llJt~ 1'U'O'I f)1'J ~fflJl1 ~'1'illn~ 1 ~~fflJtiu 1U 

'Uru~ t~ fJ1nU 'il~ l1l1,rfl1llJ~U'U 'O'Inl'J ~fflJtYilJ~U~1fJin nl'J l1U1'1 nl 'J 1 11 'l 1f'1 fJnl'J 11 U1'1 

f)1'J 111 'l t~U ~'l 'U '0'1 f)1'J tU~ fJUltU'l'll1,rl~f'I ~1fJf)1'JtYi lJ.yfu~l1,r lfif'l ~V1l'1'O'O n'U'O'I'I11~ f'I 1mil 
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"~'t11 1 11'fll1 1 '11 ~ 'II fl-:.l fll ';j Hff'lJ ~ 'VI N flfl fl~ f11 1'lJ l~ 1 ~ 1fl'J1 Iif tI-:.l flU fl flfl U11 11 ~flEl W~ 'IIfl-:.l 

~1 m ~"1 til 'If'U rl'l~fl MH if tI-:.l ~ -:.l ~ 'VI Nfl fl fl 111'~ 1~ -:.l fI 1 1'lJ ff1 'lJ1Hl 1'U fll 1 '11 \h -:.l fI 11'lJ I~ 1 ~ 
.r ,... d ~ .... 

'VI1-:.l fl flfl" ~ 'II 'W fl tI fl11'lJ 'lJ II ~~ fI11'lJ till'll fl-:.l m lt1 'VI flfl flll11 11llJ 'U ff1f1 flI 
..	 • u 

2.4	 fl1~BBmA'UlJ..rlfiYl'B~l 

~h'l1 711 11t1~~ lfltl~'IIfl-:jfll1flflflH 1111 ~'Hrltllti11 ~fllJW~ 1tJ~ 1-:.l'll fl-:.ll11~ ~ 1mil (~1tJ~ 2.3..	 .. .. 
• JI	 • 

tJ 1~ flfl11) 1~~\PI 1'lJ~ 1fll1 eJflflll1111li ~H~~ i mhutI'lJ 1'*1'W fll1 flflflU11 11~ ~h'UtJ 1~ flfl11 liff1~ty 
....... ~I • d.~y..	 1 y -k",... _I'


2.4.1 'Yil;tYl llJ'U ffl'U 'VI 'VI 1 tmfl~fll1~~fl11~'IIfl-:.l'llfl-:.l 'I1~'VI1-:.l~1'U~~ G)f-:.l'lJ~fllJW~1lJ11-:.l 

lij'U U1111cit~l-1Jl'U flflfl flflflU1111111''lJ'lJ'Jl'lJ'IIfl-:.lmlt11'U dl'U ~ cil~ltJ1~'lJ1W 20 fl-:.lfll U~~dl'U..	 . .. 
~1J1'UflflfltJ1~'lJ1W 12 fl-:.li'l'l 

2.4.2 ';l-:1Na'~ 1~'U dl'U~'IIfl-:.l1 'I1~vf-:.lfffl-:.lln~fll1Hff'lJti'U ~f111'lJ~'U f1-:.l~ ~-:.l~~fllJW~1tJ~1-:.l 

lij'U'VIHmlt1cit~l flflflUUlJ111''lJ'lJ'Jl'lJ'IIfl-:.lmlt1~'Yll-:.ll~ltJ1~'lJ1W 12 fl-:.lfl1 U~~'lJ'lJ11'lJ~tJ~1t1...	 .
 
'IIfl-:.lmlt1 4 fl-:.lfl1 1~tI~f1 11'lJtIll'11fl-:.l'lfl-:.lHff'lJ "~fltJ1 'W 1'VI fl'lJ'IIfl-:.llff'U ~h'U fl'W 6fl~1-:.lflflflfl~'IIfl-:.l..	 .. 
~lm~ "1t1 flflflU11 11 111'fI11 'lJ till 'II fl-:.l 'lfl-:.l Hff'lJ 7 I'til'll fl-:.ll ffw·h'Ul~'U 6flm-:.lfl flflfl~~lm ~ "1t1 

I "I I 

2.4.3 f1BflBYI~lfl~~'ilUI tij'Udl'Uli~YI'Ulifl-:.lli flflflH1111111'fll1'lJtIllf1flflfl~tJ1~'lJ1W 3 

r j!. tI QJ 

t'VI1'II fl-:.l 1(;Y'U H1'U fl'U tlflm-:.lfl tlfl fl~~lm~ "1t1 
OJ 

2.4.4 ~lfl~~'ilUJ lij'U dl'U ~~~fllJW~1tJ~1-:.l1~'U'VI Hmlt11J1'Uflflfl l~fl't11111'fll1'lJt~l'11fl-:.l 
OJ 

Hff'lJ~'Yll-:.lflflfl~f111'lJt~1~lfll11iftl-:.l flflflU1111 hf1J'lJ'Jl'lJ'IIfl-:.lmlt1~1J1'U flflfltJ1~'lJ1W 10 fl-:.lfl1 

Q,I .. I I Y 1 rI OJ 

lt~~f111'lJtI 11'11 fl-:.l \P!lm ~"1t1lJ1~'lJ1W 5 1'VI1'11fl-:.llff'U H1'U fl'U tlflm-:.lfl flflfl~~lm~ "1t1.. 
fll1 flflml1111l11~~ 1 fl\f1"~ i '*1mi1u 11'-:.ltij'U~l t~'W'IIfl-:.li 'I1~tJ!'lJfJlJ fl1fllflU11'-:.l~ 

JI	 • 

flW '11 filJ1111 tIlfllfl lij'W'IIfl-:.l 1 'I1~'VI~tlfilJ i ~tlff'lJ'lJ~1 11'm~u ff'llfl-:.l'llfl-:.l 1 '11 ~11-:.l fffl-:.lln~fll1 Hff'lJli 
q	 ~ q ~ 

I	 " I " 

f111'lJ~'U f1-:.lli 1'Ufll'J'I11tJ7'lJ1W lflihli~fl-:.lfll1'11fl-:.ll11~ ~ 1 m11U~~~fft~" (Stage) ~flflflU1111 

y y Y Y QJ Y iJ I .d	 QI 

"~\PI fl-:.l1fl11~'VI1-:.l~1'U~~'IIfl\l fllfllflH 'I1-:.l fId1'lJ ~'W~1'U~~ H~~~1'U" 1t1'V1 ~~ flfl flU 11 11 H~ ~ fI 11'lJ ~ 'U 
iI I I	 " 

1 m11li1'* tYlfl1..fln~f111'lJ~1t1U ~~ff~ ~lfl~flfll1t1i1'U lW~\l 1~fi1'11'U ~'li'U~fl'U'IIfl-:.lfll1flflflU1111 
JI JI 

l11~~ lmh~\llPifl ltJij 

•	 . -k "''''1: yy2.4.5 fl1~f11U1W'Yil.flTj~'t1H~Y1 (SuctIOn Load) G)f-:.lfll1flflflU1111'111~~ fl'U1"~~fl-:.l1fl11~ 

'II fl-:.l fllfllflU11'-:.l'Yll-:.l~~'IIfl-:.lHYi~~ fft\PI" (Stage) tlfl'U ~-:.l "~ff1'lJl1f1'111tJ7'lJlW 1 mi1~~fl-:.lfll1 

~h'l1 711 ffl\PI" (Stage) J'U 1~ i~ tI'I11 1~ "lflUH'WfJlJ~ l~fi1'l1'W~ 1 ~ t~fl-:.l "lflfllfllfltJfl~'I1~fl 
fl1fllfl~ fltJ1fl11~lt11 ~fl"~~ I mf1tJ'W fltJ~lmff'lJfl 11 tlfll1fllfllfli'U ~-:.llij'U'IIfl-:.lHffm:::Ml1-:.l 

..	 OJ 

y 1: ct: W i ... 1	 0 ~ IQJ Y4
fllflli'l'U'I1-:.llt~~ fl'U1 'lJ'U1'11'Ufl 'lJl~fl~lJ1~'lJ1W 29 U~~ 18 \PI1'lJm~11 l'rlfl1mfl~f111'lJ-:.l1t1U~~• 
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1 

t~h..llJ1~'.ii1'Uh..lm'.ifl1'\..r.lW'I11f11'.i~'\l~'HJ1mff'Y11~~~ HEI (Heat Exchanger Institute) 

" 
Standrad for Steam Jet Ejector ~~i~n1'11'U~ Entrainment Ratio Curves '\l~~ihmrfl hm'lfJl:l 

.c:. ,.. 0 tq ... IGJ y QI ~ Jt lI)" .d ~ QI 9J "I.c!I QI 

Ul:l~~W'I1iJ1J ~~t1ff1lJ1'.it:l'U-1 ~lJ ~'lffl1Jm'lf~'U '1 ~~ 'Y11Jfl111J~'U~1'U~~Ul:l~~1'U'il1m'l11J~'Ufl'U 
r	 I I JI 

~~Hff~~ t 'U'.itlfi 2.4 Hl:l~ 2.5 m1Jih~1J t.yj~ t,*t'Um'.ittl~t1'UfI1'.i~mmff'i1'U'Y11~~l'U~~ hrt~'U 
~	 ~ 

" .
fI1'.i~mmf'lH,.r~tfftlf;~'U	 U~1~~fl1'U1W'I11tli1l1W im~hViI'i'~~m'.i t'UH~l:l~fft~'i1 (Stage) i~ 

2.4.6 m1fhulW't'il'lJ~JJ1W'UtH'f)Jl~~Mm1til't'i1'U,"lll~'f)Jl'uugja~lI'l~{l(Stage) 

t~~ t ,.rff1111'.itl~~fI1'.i~mmf'lH ,.r~'Y11~~1'U~~~~fl i tliJ~~l'U ~1t1~11Jfl111J~'U ~~~flH1J1J ~ ~~f11'.i 
" . ~	 .o~.ci.c!l	 QJ.c:sll] o.c!lG)Y" Qld 

fI1'U ~tNfI ~ m'.i ~~flH1J1J'I11~~ ! ~'U 1tVl ~ m ff1111'.i tlff'.i1~ "ltyty1mf'l~11Jfl111J~'U 'Y1~~flU 1J1J 'iI~ 

.1	 "" '\l'U~dti1J~1'U1'Ufft~'i1 (Stage) '\l~~'111~~ i~ih tVl'.i1d1'111~~ iml1t'UU~l:l~fft~'i1 (Stage) 'iI~ 
" 

ff1111'.itlYi1~1'Ui~~t'U'lh~B~'.i1ff1'Um'.i~~~~'.i~'I1':h~ 5:1 i1~ 8:1 '\l~~m'.i~~flU1J1J ~~l1'Ufl1'.i 
~ 

I JI JI	 JI 

t~~fl~~'.i1ff1'U m'.i~~fi ilJ m1l1~ff1J 'iI~Yi1 t ,.riY'Uttl~~~ i ml1111fl t'U fl1'.ifl1'U 1W'I11tli1l1wi ml1 

psig '111~ 11.013 bar = 165 psi a t~'UI'i''U t~~ff1111'.itlihitltl1'U1W'I11'\l'U1~~1~ '1 '\l~~ 

'111~~ ~~Uff~~t'U'.itl~ 2.7 
~ 

2,00 
1.90 
UlO
 g 1.70
 

U I.Qt
 
i 1.$0
 
d:! 1.40
 

1
1.30 
1.20 

.• 1.10
 
J1l 1.00
 
&::i 0.90 
IjUO 

0.$0
 
OAO


:l 0.30
 
lUll 
O.tO 

o	 10 20 )IJ 040 50 60 10 10 90 100 110 120 130 140 ISO 
Molecll1.. WeiGht 

kg = 2.2046 Ibm , 25.4 mm = 1 inch, 1.013 bar = 14.7 psi , 10 bar = 150a 

r	 JI I JI 

lUn 2.6 Uff~~W-l'UiJiJ~~'.i1~i1'Uihmrfll1JmfJl:lfi~1'U~~'\l~~'I11~~iml1 
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~ 
::::I 

U 
_2 

~ 

0.5>5 

0.90 

~. 

0.80 

0_75 

8:~~ 
o 100 200 JOO 400 

G"':5 
500 600 

T ilOn'IIoC!N::UUfC. F 
-roo 800 900 1000 

, ,"
3tJfi 2.7 11f(f1'lWHJ.fJiJVf1'.ilri1Ut:JWl1.fJiHhilU~f1'\Jtl,n11Ufl'mh 

Throat of' Nozzle (Ol. ) 

SW4m Inlet PreuufO' lKlb.fgCl Ptill$SlI~ 

(ri.",) ~._. '-'-:-'-'-'~;:l;:j;~ (I'lJ 

-ftr ""'"011>11'_. (00 ....1
Suaioa Coftnector (Ds)
 

SlICIiot\ r........ (Po ,ml)
 

. " .
3tHi 2.8 tlf(f1'l~1mh~1'l '1 '\Jtl'l'l11Ufl'tltJ1Vi'tlh~ntl1Jm'.itllU1W 

" .
U~:IJ1W 'mhri~tl'lfll'.iiUl1~"~f(I\Pl\) (Stage) 11l'~\)lnf(:IJm'.i 

R = Rda Ra M pi M pi/po M s'ab M p3-0 (2-19) 

. " , 
R = U~:IJ1W 'mjlVi~tl'lm'.i (lb ' / h)s eam 

Rda = U~:IJ1Wmmf1lllf'l Vbdryai,/h) 
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Ra =	 flmlffdl.J~~l1-.il~ l'eJJ1~mJ1fl1ffL!..r~~~"'eJ'eJflL!'IJ'IJ, Vbsteam / lbdry air) 

(ml~'illfltU~2.7) 
... ~11) ... .. 11): d'1 31 11) 31 .Id

M pi = ~d~WL!fl ~'tJmllJ"l.J"n.J\!~W'tJ'eJ~ ~'eJl.Jl'Y1 ~')j' (m ~"'illflml~tU'YI2.8) 

Q,I 3Jlq QI tI lq :',d'l'" Q,I rlj}
M pi/po =	 ~d~WL!fl ~'tJmllJ"l.JfflJ\!~W'tJ'eJ~ ~'eJl.Jl'YI ~')j'~'eJf1dllJ"l.JfflJ\!~W"ll.J~" 

... ~11) "" 31M stad = ~d~WUfl ~'tJmllJlffmJ~'tJ'eJ~fll~~'YI1~"1l.J~" 

= lPidf1wunl'tJf1dllJ~'U~11Jihl1~~'YI1~""M p3-0 'U	 'U 

IOQ(l 
" ~\~..\\ih'.' 

,'~ , • R 
500 

, , 
300 ~ I'. V 1/ 

.~ 7' / 
200 ...~- .. 'V I 

~ 
1 1 3 ~ 

LY. if· ~, ,;1rz '"10.0 

200 )00 '00 1000 
L Y\' 

50 

~; '0,I VII: 

/. ~ ~ 
, 

~O 10
f 

/1 Ij '1',J ~,0--\;" 1/ 20 

v:: ~ 

~ ,y
" IJo 

3 S II / HI 

f 20 30 50 100 
l) 

1/ 5 
1;/ II 

- '~.' I I/. 1/ )-
..~ 1/~ ';11 2- I-

i-
J /j V•...-. . 1/... 1 

•. ! 0.1 0.' U 10 

Suction Pressure (torr) 

, ". 
1ufi 2.9 Uff""lfl~~lffdl.J~~w:h~l'eJ'1.J l~'eJmfl1ffll..r ~filPi''eJ~fl1~'tJ'eJ~idQ'' 

" " lm.Jl11~(l~ffl~'il (Stage) ffll1i''IJ1'eJ'1.JlmllJ~l.Jtfl'il 10 bar 

1000 

4",_. 

Soo 

'00 

100 

6.1 2 

5 

3
 

t
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2.0 

'L 
~ 

t 
! 1,5 

:I 
r. 

:S 
1.0Ii 

~ 0-8 

I I I 
~ 

I.': 
\ 

." 

0 

$lIC:Cioa 

f'rtlUu'll:, ttl« 

'" I, I 

~ ...... 
f'li! .::::-J=~ 

0,69 1.38 :lA' 6.98 13..71 20.f8 )~45 

MOIiw,:; S••mI'rIlll8111\l. bar 

,	 " ,
_.'" .,!)I'1" '1 • "'i!)l1u'Y1 2.10 Ufffl~~1fJWUfl 'tlf!111Jfl'W fl'WTI'I 'll' 

2.4.7	 fll1tll'U1W'Hl'U'W1~viH''Utl.n11il~'tlJl (~1tJ~ 2.6 tJ~~flfl'IJ) 
" .k "" " fl1~tll'W1W 'I11flVl~1fl1~ '1 '11 "lfl'l~'tlfl~ '1 fl'll 1~1'W '111\1 fl Clt~~~fld'IJ'WVl'W il'W'tlfl~ '1 fl'll 1 

U..r~~1J~1t11'11'Wfl i ..rff1JtJ~~iY'I'Iffl1~ '1 '11 "l'¥hti'IJ 0.97 ~~'111'1$i'~lflff1Jfl1~ 

;'p = 0.459D.2 p.096	 (2-20)
I I 

5 

1.477(r:zp r
D j =--p""O.o-.4-g~­	 (2-21) 

I 

" , 

D

m p = flmlfl1~ '1'11"t;~1J1"lfl'l~'tlfl~ '1mhYi~1'W'I11\1fl , (ibm/h) 

j = tff'W~1'WtJ'W6flm~'tlfl~f!flf!flfl'l11\1fl, (ft) 
" .

P; = ml1J~'Wff1J\!~w1mll~m)flU'IJ'IJ, (psi) 
!)I." ., '1 !)I

'I11'tl'Wlfl tff'W Hl'WtJ'W tlfl" 1~f! elf! elfl~ 1m~ ~1 tI fl ~lfl ff1Jfl1~ 

· J
O5 

D d =33.942 ;: 
. (2-22)( 



23 

. 
md '5~'i 1fl1'i1 'H Clt~,n..rJCl'ff'VIn'lJV~ r·rt1lJ Yiti\u ~ 1tit'Vhf1'IJ'5~'i1fl1'il 'H Cl'lJV~ 1m3

~ 

1• 
~ n 1,*rl1'Hi''IJ'ffl~~ (Stage) J''U'lJ1flf1'IJ 0.8 n'h.fl1'i~'VI1~~1'UfJ~'lJV~mfl1f1H~~, (Ibm/h) 

91' G' QI ()Dd = lty'Ur-l1'UI.!'UVflCl1~f1VflV~~1m~~lv, ft
 

~ = m1lJ,r'U'fflJ\J'iW'VI1~~1'U~lV, (psi)
 
• 'J! I " 'JI • 'JI IIJ 'JI 
fI1'U1W'H 1'lJ 'U l~l tY'U r-l1'Ut1'U VflCl1~'lJV~'lJ V~V~l'UfJ~ I~ ~lfl'fflJfl1'i 

· J
O5 

(2-23)D s =60.342 ;: 
.

[ 

QI 11) ~" jJ m = V~'i1fl1'j I'HCll'lf~lJ1Cl'VI1~~1'UfJ~'lJfl~mfl1f1H'H~, (/bm/ hr) s 

Ds = rff'UH1'U1.!'U6flCl1~.,rV~V~1'UfJ~, (ft) 
'" "'JI (.)Po = f111lJ~'U'fflJ\J'iW'VI1~~1'UfJ~, pSl 

2.5 '}'jtl1~'lJ1£1f11111-rtl't,l (Cooling Tower) 

'JI <!l c:. "?t.1 ". '" ""'l'JI 'JI .1'"
'H m~ 'IJ1Vfl11lJ':iV'U 'H 'i \,)~ClCl~'VI11l1mllJ 'U ~lJm W'ff1f1ty 'VII'If'i ~'IJ 1Vfl11lJ':iV'U ~ 1m~ 'IJ'IJlJ'i'IJ 

mfl1f1.yhmj'1~'i~'IJ1Vfl11lJ~V'U~lmfl~V~.yhm1lJlV'U (Condensing unit) ~'IJ'i'W1fl1f1 
4 iI ~ ~ Y QI" .ciiI 0

2.5.1 fl11A~tlfl'}'j0'j ~'lJ1£1f111'l110't,1mflU'lJ'lJ'U0~~N~~ ~ lllJ 'U ~~ ~ V~ V1f1V'lJ V~Cl 'VI'V11 ~ 

f111lJ~V'U ~dM~~v 1lJu 
~ 

1) ~W'H1JiJm~l'1..h~tiJvflmfl1f1H1~~VlJ of)l ( 

~ 

2) lJ1lJ1wii1'H~'Ut1V'UH1'U'Hm~'IJ1Vm1lJ~V'UttflClClV'U~V'U1Yi (GPM) 

3) ~W'H1JiJJ1l.,r1'HV'i~'IJ1Vm1lJ~V'U, ( •F) 
4) ~W'H1JiJJ1Vtlflmfl'HV'i~'IJ1Vm1lJ~V'U (oF)l 

QI tid. QI ~.d y ,.ell ~ --.9. 0 QI "QI
f1'V'l'VIVfl~1'H'U~'VI~V~flCl11m'U'UflV~1'U1'U~'U'lJV~'HV'i~'IJ1Vm1lJ'iV'U1 ~'U'lJV~ . ~ 

'Hm~'IJ1Vm1lJ~V'U~~l'Vhf1'IJ'5~'i1m1lJ~V'U 15,000 1iYi~ ~Vi11lJ~ '5~'i1U1~lJ1~lflIPi1tCl'lJVl1 

f111lJtV'U'H~~IPi'U flV 12,000 1iYi~ ~V i11lJ~ 'i1lJf1'IJfl11lJ~V'U~lJriVVVflfllJ1~lmfl~V~Vl1 
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d ... U "l I II)Y'" I .J I... I ......
 
fIdl1JW'IHlfi 'i~1J1W 25 % l1'itltJ1l1fiClll I~HlfifltJ1.:111'1.Nll 1 \PI'IJ'\Jfl.:ll1fl'i:::Ultll'VIlf11.Hl\PI'ilf11'i
 

., 
jJ	 Q l.d 

'i~UltJfldl1J1fl'IJ'\Jfl.:l'Wl 3 UfiClClfl'W\PIfl'W 1'VI 

4 ~	 tI QJ .:'1 Jt t:iy 91I	 Q,I 

2.5.2 "11ItHl"'If 'IH1'U fH'tUl 1:::1.J U.l f11 UI18U 'IJ 'U 1 1t u 'IJ l'i fl ~ 'VI \PI fl.:l fll fYtJ fI 1 l1J ~ UCl::: 

U'i:::ff'Uf11'i W'\J fl.:l ~flflfiU 'U'U1Jll~ 'IJ ~.:Ifflfl'tu1'W f11'i \PIfiCl.:l111 ~.:Il~ 'W fil'i tJ1fi~11::: illlvn:::llll::: 11.:1 i U 
~	 u 

i~ll11 fl'i:::UltJflll1J~fl'IJ'lI'U\PI 1\P1'JfU\PIl1d.:lll:::ijflll1J1l11J1:::ff1Jn'U1fI'i .:If11m~Cl:::1f1'i .:If11'i fl~l.:1 i'i 

U~I~'Wt~fl.:l~lI:::~fl.:l~lIl'itll1fldNCl~I~tJ\PIgt:1'l'IJ fldl.:1 h~\PI11J~flll:::mJlI~tJfflfl't1l "l ~'\J flU 'W:::U 1 ., 
Itl'IJU'W l'V1N1'Wf11'i liiflfi'lli'!\PI'\Jfl.:ll1fl'i~UltJflll1J~fl'W~.:I~fl i uij 

1) .:I'UU'i~1J1W 
1 ,I	 JI 

Y ......... 'i ... 'I Y Y ....
 
2) '\J tl1JCl 'VItn tJlfi 'U tfI Hf11'i'VIll::: t'lll1 fl'i:::UltJflll1J1 fl 'W 'W 'W 

~ 

,
3J d.	 QI!IIaJ ..:::l 

3) '\J fllJ CllfitJlfl'U ~lI\P1l1111Cl:::'U'i f11'i 

3J d	 QI Y 
4) '\J fllJ CllfltJlfl'U 11 fl 'i:::UltJfldl1J 'ifl'W lfl.:l 

(Energy equation for steady flow of incompressible fluids) 

ff1l11'U'\J fl.:lll1Cll~ij~l rnl1J~'WIU~tJ'Wll UCl.:l f1 tltJ1J lfl I'ill1~~lI1'iW 11~'W '\Jfl.:l i 11 ClU'i:::lfi'VI'fl\PI 

.... II) III) Y .J... l.d "l I .d 'I II) '.'1 I 
\PIl t1J t\PI CJf.:lll:::1Jfl1l1J11'IJ111'W'WfI.:I'VI l1'ifl r = r l =r2 fI1f1.:1'VI t'IJf11'i ll1ClU'U'UiJ'WU1'W fI1 a 

1I:::ij~1l'U'l 1mi' 1 1J1fl l~flrnl1Jff:::\PIlfl~.:Iff1J1J~hm~11~'W 1 ff1l11'U'\Jfl.:l il1Cl~'fl\PI~l i1Ji~ 

2	 2 

p. V: ] V ]
 

[

_I +_I_+ ZI +h +QH =[p_2 +_2_+ Z2 +(U2 -UJ	 (2-24) 
r 2g 

m r 2g 

Id ~"9J	 "l,l I t Y .c:I0	 I QI 

1l\PI1JUl.:lflHiJ1J\PItl.:l'VI1-:n'W1'W f11'i tJfi'\J fl.:l ll1Cl'\J'W ~ .:I1'Vl1'W 'W , U\PItJ.:I\PIfl.:lIfl1'l1'W:::f1ll1JlfftJ~'VI1'W 
'I I , I Y '" • 'I Y;'; Y. .1 
t'W'VIfl~\PI	 UCl:::'VItlff.:l \PIltJfldl1JlfftJ\PI'VI1'IJ'VI'11l1 u1J\PIfl.:l'VI1~1'W1J1fl'\J'W 

C ~flfl1l1J~fl'W ~ll~l:::'\Jfl~'\Jfl.:l i l1Cl~'fl\PI~1 i1Ji~ 

hL ., 
l~tJ'W i~~.:Iij 

(2-25) 

t:1'lijlfl~fl.:l~m1'W'lf1.:1f11f1~\PI 11m::: 2 llCl:::t:1'l i1Jijfldl1JI~1J111flfftuli1tJfl1l1J~ fl'WlCltJU'VI'W 
.,	 ~ u 

~lff1Jf11'i'\Jfl.:l i l1ClU'U'U'fl\PI~1 i1Ji~l~tJ'W i~~~ij 
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~ ~2 ~ v/
-+-+ZI =-+-+Z2hL (2-26) 
Y 2g Y 2g 

lrlfl hL l~'Ul'l~'N1'U \1tyti1[J~fl~~m1'd,:nnl dm11l1Umlfl"l'Ufl"lll1 ~ 

~ ~ 

t'UlJNmWrl1l'l~"l.:.l1'W\1tylff[J hL 11~iirl1lJ1fl~"lU'U ~ll1i'lJ'Ufl.:.lll1~l1~"l r11 hL l1~~fl"l 
~ ~ 

hh~'Uf!'U6tl~~ t'Umw~ hL iirl1U'flmnfl "1 1'j1~ml1l1~~~Vi.:.l i~~.:.lU'UfflJf11'jl'l~"l"ll'Ut;j[J'U i~ 
... "'"~ 

~"l'U 

P. v,2 P V 2 

_I +_I_+ Z =_2 +_2_+ Z2 (2-27)
Y 2g 1 Y 2g 

... "'" ~ 
l1 'jflml1l1~I'U[J'Ut1J'U 

P dV 2 
I 

-+-+ Z = fllfl.:.l'VI (2-28)
Y 2g 

d. 9,I'JJiI.ci I rI.d 
fflJf11'j'VIf1mdlJ1H~d'U1"l~'Ul'j[Jfld1fflJf11'j'Ufl"ltllJ'j'U~~(Bernoulli's theorem) fflJf11'j'Ufl"l

OJ 

rI d..J'GI 3J a QI 111 d"l rd.ci QI lI'J 11JI iI ... 1 "GlIJ/QIQI QI 

UlJ'j'U~~'U t'll'ff1l1'jlJ'Ufl"l ~l1~'V1 ~lJlJm1lJlff[J~'VI1'UU~~fl~~d tll ~~ tl~~[J.:.lff1lJ1'jflu'j~[Jfl~ t'll'fllJ 
OJ • 

'Ufl"lll1~l1~"l~fl~~dl~i~flfl~d[J 

111 flfflJ fl1 'j UlJ {hi~~~"ll~'U H~ 'j dlJ 'U fl"ll~~ fl d1lJ ~'U l~~ fl d1lJt~ dtl~ ~t~~ fl d llJ ff "l 11 ~lirl1 
OJ OJ 

tl'llnlJrl1fl"ln l1~flml1t~my;h t~~'jdlJ (Total Head) ~i~',*~dtifl';h htotal ~"lJ'UfflJf11'j 

t~~'jdlJt;j[J'Ul~trl'U 

V 2P
-+-+Z - h (2-29)y 2g - total 

P "'" I ... ~ 
- t'j[Jfld1 t~~m1lJ~'U (Pressure Head) fiflm1lJ~'U~fll111d[J,hl1Ufl'Ufl.:.l'Ufl"lil1~ii 
y 

mldm~'U ft 'Ufl"l'Ufl"lll1~ 

v2 
do I d ~ QI rI I , : QI 

- 1'j[Jfld1 t~~m111l'jd (Velocity Head) flfll'l~.:.l"l1'U11~'U~fll1'Ud[J'U1l1'Ufl'Ufl.:.l'Ufl"l 
2g 

ll1 ~ fl'Ul~fl.:.l111flfld1lJl~l'Ufl"lm~Uffil1~ liml dmrl'Um1lJ\1.:.l'Ufl.:.l'Ufl"l il1 ~t'l1'Ut~[JdnlJt~~ 

m1lJ~'U 
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..c:I , .:!I QI QI tI. , : QI 

z t'HJf1dl leJflfI1111ff'l (Elevation Head) tltl'YHl'lHU.fffltl~H)'l1'Ult1'Ul'l1'Ufl'Utl'l'Utl'l ... 

2.7 f10U~AihA (Cooling Coil) 

cI d CI 'j/.d ''1 'j/ _I QJ 0 d GI 'j/ QI 'j/ _I QI 0 

tl tl tI " W 'U 'YI1 'l1 'U 1'VI tl tI 'U 'l1 tl 'IlJ 'HHll fll ff It" ~ 'YI1 tl 1 111 W 'U l'l1 fl 'U 'l1 tl '1lJ '.i 'U til fll ff fll '.i 'YI1 '11 'U ... 
: d ..;. 0 d 111 I GI' tid 1 

'U1W'UlIlflltl'.itl'l'Yl1tll111W'U (Condensing Unit / Chiller) 1'l1"Nl'UfI1t1 1'U'VItl'Ufltltltl"W'U fltI 

I tI d d 111' Y til 'j/QI : d dlll til I1 

fI1 tI 'U tl fl 'VI tl tl tl tI " W 'U 11 ~ 11 til fll ff l'l1" N1'U til fll ff 11 ~ til til 'VI tl 1 111 '.i tl 'U l'l1 fl 'U 'U 1W 'U 'VI l'l1" I 'U 'VI tl 

d '" Q : Q dliJ I iI.l 1 _I "'" a .,.d",I 

tllfllff'VI~flNl'U 11~ W'U "'I U lW'U 'VI 1'l1" Nl'U 11~ '.itl'U 'U'U fI tllJ fl~ 11 ~ l"tlfl tl tltl" 'VIlIffll'.i '.ifl'U ~ mll 

'J/ .:!I.c::. 'J/ Cl tlJ QI QI I 111 ~ 
~ tl'l fll'.i 1I1fl~ l'.il'1 'l1 '.itlllNU illl'U tl'l NN"~ ffll '.i '.i fI'U ~ 'Utl'l tltltl" 'U'U fl'UU 1111 eJ~ tl I lJ'U... ... 

'" ICl 'j/ QI QI 'j/ .. I d 'j/ .ei 
1) lJ'.i 1I1W fI1111 '.i tl'U ffllNffll"~ fI1111 '.itl'U llf'l'l'VI~ tl'l fll'.i fI'I tltlfl1l1 fl tIlfllff 

IiJ iI .,. "'" 
2) fI11~tIlfllffl'l1"I'Ulll"~tltlfl1l1fltltltl" (tlW'l1illl db u,,~ wb). ... 

'j/ tI rod I I '0 

3) fll'.i ff'.i 1'1 tltl tI" l'l1U 1I1'U l'Ull"~'U'U lf1tl '.i'U'U'U lf1 'VI tlll"~ '.i ~ eJg; '.i g; 'l1 11'1 'VI tl 1I1'U l'U lim 

d: .:!I: 
4) tll1111'.il'Ul ('l1'.itlUlt11) 

Q iI"'''' IiJ iI Jd aJdil 
5) fI11111'.i 1 til fllff'l1'U 1f1tltl" (tlmlfll'.i l'l1 ,,'Utl'l tIlfllff'l11'.i fllt1~'U 'VI Q lt1'l1 '.i tl~'U 'VI '11 'U 1 
.,. 

tltltl,,) 

..; I Q _.I .,. 0 Q 

V11"lH'fI 2.2 llfffl'lmtltl'Ull'VItllll"ftll~tl'.i'Vl1tl1111W'U(Helical Fins) 

0 

1I1'Ul'Ullfil 

2 

3 

4 

6 

8 

400 

0.60 

0.75 

0.84 

0.94 

0.98 

8 fins/in 

500 

0.58 

0.73 

0.82 

0.93 

0.97 

Q iI .,. 

fI11111'.il'l1'Ultltltl", fpm 

14 fins/in 

600 400 500 600 

0.73 0.69 0.650.57 

0.800.86 0.820.71 

0.90 0.880.81 0.93 

0.92 0.960.98 0.97 

0.96 

, 
2.8 'fI0i;'l1i ( Duct) 

I ~.I .,.d 0 'I iI .ok 1iJ.1'" '" .ok
'VI tl"1IllJ 'U fJlJ fl'.i W'VI 11 g; tll 'U 1 tI ! 'l1 "11111 fl ~ fI 'l1 'U 'I I lJ tI'I tl fl ~ fI 'l1 'U 'I 

I

1'l1'U 
"'Q 1iJ_1'" '" 

111 fl tl tl tI" W'U I lJtI 'I 'l1 1 

fl'.ig; 1I1eJ"1I1'U,rtl'l 'I11tl" 11 fl~'U Hl'U 'l1tl'l"lIfl~'Uti'U 'lJiJ'Itltltl~!~'U 1~'U~'U 1'Ufll'.itltlflll'U'Uvi tl"l1 

~'I~~tl'ltJl111-W1l1'.iWlijm; 4lJ'.ig;fll'.i... 
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2.8.1 Idf)~u"'~a'onl~~~~~'1 l'1eHUJUfl~1J'fl'il~~~~~l'Ha{J~1tl'I~l'lJ ,;~J'lJ ~{J~~'ill'HU1U':) 
jJ • , So' I 1 jJ 

tU{J fil'H U{J ~11'Vl ~1'lJ U'j~ fl eJ'IJ~";HJ '\J 'lJ 1~'\J {J':)l'1mUJ 'il~l U~ tJ'lJ 1umlHa{Jfi'l1{J ,:)11.:)fi 'il~~~~':) Itrl::: 
.d.d II "1 

fff.) 1'lJ '1'1'1'1 'il~~~';':) l'1 {JrllJ ~eJ.:) UllJ1~ 'ill'jOl 1~1tJ 1'Vl'j 1~ 11lvl{JrllJ ~.:) {Jdl'lJ 'IJ1110lvHJfJOl 'H tJii~.:) 
31 '131 31 ,,;_~ ... 31 d .;, 31'1' 031 

'il~9l{).:) ~ 'lfQ 'lJ1'lJ 'HlJ 'H 'lJ11'Vl {J'U{J.:) fl'lJ fIdlm {J'lJ '1'1 'il~ 'j1t'\Jl !'lJ '1'1 {JrllJW'lJ ~ 1tJ• 
Y QJ I d do do 0 ct " d

2.8.2 f111'JJVllUmUtl1 '1'Yt~"''JJ '1'1 {J rllJ'\J 'lJ 1~ 1'1 fllJ fI 11lJ IfftJ~ 'I'I1'lJ ~ ,:)'1'11 !'H fI 11lJW'lJ '\J {J ~rllJ \PIfl 

'I,:) lJ1fl ~.:) ~{J.:)1 '*~~ rllJ ~ iJ fI 11lJ';'lJ ~.:) ulPi '\J Ol::: l~ tJ1n'lJ 'il::: tfftJth1 '*~ 1 tJfl 1fl'j ~ It ff 1vJvh ffl 'H l''IJ 
.. ... .1 31 

lJ{)!\Pl{J'j'Vl ~ rllJ ff.:)'\J 'lJ ~ 1tJ 
OJ 

2.8.3 f111'JJ~'1'Uf)'1la(J'I 11lfldllJ 1~1rllJ1'lJ l'1{JrllJff.:) 'il~'til1 M'ln~ IffrJ.:)';~1~'lJtfftJ.:)'H 1~'Hl1'H~{J 
OJ 

do ~ ~ I do QI .cl d..r::::, QI ... :; 31 31' d.ct 'I ,.1 0 
tfftJ.:) ~ ~'H':)l 'If'lJ l~ tJ1fl 'IJt fftJ-.:j 'I'Ilfl~ 'illfl'Vl~ rllJ ~.:) 'lJ'lJ m l'lf'l'l {JrllJ'I'IlJ'\J 'lJ 1~ ~ 'H ty'\J 'lJfI11lJt'j1rllJ 'il ~ 

.c:6 QI do wd.~J 
rl~rl~ G]f.:) ffllJ1'jf.)'\J 'il~tfftJ~~~'I'I!fl~'\J'lJ 

'GJlI' ell lI' • '1311 .1 ,... '" '131 •
2.8.4 f11 &'lf1Jl(J &Ufll1tT1H't1f)"''JJ fIl !'If'illtJ'\J'lJ {J~fl'IJfll'j lrl {Jfl !'If'j~'IJ'lJUrl~'\J'lJ 1~ 'I'I{JrllJ'\J'lJl~ 

., . . 
d 0 iii 9J.c::, do QI I no I QI I iii 9J' iii Y QI QI dGi j} 0 I QI dGi 'j}

trlfl'l'll !'H!fl~lfftJ~~-.:j !l\Pl'il~u'j~'HtJ~fIl !'If'illtJ !'lJfll'jff'jl~'I'I~1ff~'I'I !'If'l'l1'1'1{JrllJUrl~1ff~Q'lJ1'lJ'I'I!'If 

l{lJvl{JrllJ l'1{JrllJ'\J'lJ 1~ 1'HtYbYllJl'jf.)rl~tfftJ~';~ 1~ulPifll1 ,*~ltJ 1'lJfll'jfi{JbY~l~ ~ ~ 

2.8.4.1 lff~ Itrl:::fldllJ'H'lJl'\J{J~lbY~~l '*'tilvl{JrllJ 

1 • .1lJI3I3I... .1 '11)3111) •.1" o.
'I'I{JrllJ{J1'il'l'l1'\J'lJ !~~1tJ1bY~'HrlltJu'j~I.fl'l'l 1'lf'lJ !lJ rnl'IJ{J'jflrllbY l'Hrlfl\PIl 

o ....ct 0 "" ... o:1l 31 '" 'I 31... .1, ... 
l'H 'I fl {)1'IJ bY ~ fl~ bY 1'H rlfl bYl\Pl 'Wlrl bY {J~ lJ 'lJ lJUrl~ '1'1 {J ~U~.:) IlJ 'lJ \PI 'lJ fll 'j trl {Jfl !'If1 bY~ 'il~'\J 'lJ {J~fl'IJ 'jl fIl 

Itrl~f111lJfI':)'I'I'lJ'\J{J~lbY~ ul9ilbY~~ijtJlJ1,*..t1 lul'lJil'il'il'lJ''lJ f1{J l'H~fl{)1'IJff ~fl~ff 

'\JOl~~rllJlfl~{J'lJ~l 'lJ l'1{JrllJ 'il~lfl~tl'lJ~~1tJfldllJl~1bY 
OJ 
~ Url~tdmfftJ~'I'Il'lJ n'IJf:b 

'\J{J~l'1{JrllJ~~'til 1M'l'1{JrllJtfi~fll'jfl'j~I~{JlJ 'til1M'ln~lfftJ.:) '\JOl~ l~ tJ1n'lJlllvl{JrllJiifll'j11fl.:){J 1UlJ1 

,,; , .ct.1 
fll'j fl'j~t'Vl{JlJ '\J{J.:) '1'1 {JrllJ 'il~lJ lJ lfl'\J'lJ 

GI l!!I I ~.dy o..dl.dld ~.c!I 
~ 'lJ fll 'j {J{Jfl U'IJ'IJ It'I::: lrl{Jfl'\J 'lJ 1~ '\J {J.:)'I'I{JrllJ bY.:) '1'1 \PI{J.:) fIl'lJ':) f.) ~{JflU'j ~ fll 'j'H 'lJ':) fl{) 

, 'JI )I I 

'j} o.dl.dl I d d,.cld, 1'j} Qld.c!l 11191131'QI

\PI {J.:) fIl 'lJ':) f.).:) '\J 'lJ 1~lJ1\P1 'ji 1'W '\J {J.:)Uf-l'lJ l'H 'I fl{Jl'IJ bY.:) fl::: bY'I'IlJ '\J 1tJ 'lJ'I'I {J.:) \PI rll~ '1'1,:) 'lJ t'Vl {J 'il~ !~ 'If Uf-l'lJ 

o 11)310 d "', 0 31 d 
l'H 'I fl !~ l\PIlJ '1'1 Url~l'H 'I {JUf-l'lJ l'H rlfl'lJ {JtJ'I'I "l~ 

2.8.4.2 fll'jtll'lJ 1tU'\J 'lJ 1~'\J {J~ vl {J 

td{J.:) 'illrl tllfllffl~'lJ '\J{J.:) 1'Hrl'lfij~'Hd.:) ,;.:)J'lJ fll'j ~tylfftlf11"'':)':)1'lJ (f111lJ';'lJ) 

Id{J.:) 'illflfldllJ IfftJ~'I'Il'lJ '\JOl~~ l'Hrl~l'lJvl{J~~t~'lJ'.U\PIllJrlf,l '\J{J':)'Vl"'.:).:)1'lJ '\J{J.:)'\J{J.:) 1'H 'I flcil1fl{J1'lJ 

vl{J~ii~'lJ ~'H U1\Pi~ fI ~~ U1lJ1Ol fll'j 1 'H rl'\J{J.:){Jlfllff'il~ l~lJ~'lJ 'il~'til 1M'fh"'~.:) 1'lJ bYtutfftJ td{J.:) 'illfl 
OJ OJ 

f111lJ IfftJ~'I'I1'lJ 'il~ l~lJ ~'lJ ~ ...w 1'lJ fl'j W~U1lJ1Ol '\J{J.:) {)1fllff~l'lJ 1'lJ 'H d ':)f1':)~ 1'H 'I ~1'lJ vl{J~ii'\J'lJ1~ 
o • 1 3J 0 QI do ~ do ~ J 'j} 'd QI ~ e! 

trl fl 'I.:) 'il ~'I'Il 'H fllrl':)':) 1'lJ ~t\J1 bYtJt'lJ {J ':)'illflfl11lJ IbYtJ~ 'I'll 'Wl'VllJ'\J'lJ ~1 tJt'lf'lJI~ tJ1fl'lJ '1'1,:) 'lJ 1'Vl 'jl~ ff{J.:) 

.cl QI I d ~ J ~ do 0 1Yo QI .d. ~ do 

fl'j Ol ~.:) flrll1 fI 11lJl 'j 1'\J {J.:) tl1fllff'il~ l'VllJ '\J'lJ G]f.:)lJ f-lrl'l'll 'H fll 'I,:),:) 1'lJ ~ty IbYm'lJ {J.:) fI 11lJ IbYtJ~ 'I'I1'lJ 
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lUI 

~ tl I I Y f J I QJ Y 1 .d GI I 0 GI Y Y 
t'VUJ 'U 'U j 1fllfll fl ~ ~j 1'1l'1 eJ" 11 'U 'U ~~ fl1J 'U 'U 1~ m l'1~" 1111 'U 'U 1~ I'lHU 11 ~ l'11 111 j 1fll "J'I WH,lj lfll 

ti~~~l'1vi~"ll~ij'U'Ul~t~ fl lI~~ltt~'U'Ul~t~tJ1tl'U1I~~~'1 fllj tll~'1'11'U1 'U fllj d '1"11 Hl'U vi~lI~ "J'I 

QJ~.a 1 ~Y O~~.d Y IGlYI
~'1 'U 'U 1'U fll j t" ~fl'U'U 1~ 'Utl'll'1~" 1111 '1~ ~'1fll'U '1(l'lfl1111'V'l ~~'U~'1 fllj"'1l'1'U fllj ~j 1'1 !t"~fll 1'll'1I1tJ• 

1GlY ... 1 QJ l.a I Y 1 IGlYI GlY "1 QJ 

'UW~ 1'll''11'UlJj~fl~1Jfl'U ttm'U~'1mmljlfll'U~'1fllj~jl'1l'1~"lltm~fll 1'll'1I1tJ'UW~ 1'll''11'U Ill(;lltJ(;I1 

~'1t~'U fln tJlfl~ lI~tll11'U~ l~'U 11 ~flfllj~tttl 'U tl'U d1'U 1mllflnti'i~fl 1 '*'U'U l~'U~'1vi~"ll ~'1mfftJ 

tJ j ~ ~1J fllj Wll1flw:h fll j tll11 'U ~ 'U'U 1~'U tJ'Ivi~" 1111 ~ij H"~ ~fllj ttJ ~ tJ 'U tttJ" 'I fl1111t~ 1"111'U vi~ 
I .d QJ d GI I 0 C) QJ GI Y l.a GI .d Y 

tt~'UW~t~ tJ1fl'U fl1111t j 1" II I'U l'1~ 1I~\l flfll11 'U ~ I~tJ "flllW~fllj I'll''11'U fl "11fl~ I'U '11'U l'1~ ~'1fln 

fl1111t1 tJ1Jfl11111~ 1"111'U vi eJ 1I~ ~111~1 'U'Il 'U ~ '1l~~'1flljfl111111 tJ1Jfl11111~1 "111'U vi~" 111l~~ 'I
OJ 

I Y~.d .d IQJ 

2.8.4.3 fllj ~tJml1J1Jl'1~ "1l~1tJ11iml111~tJ~ l'11'U tl'11fl'U ., ., 
flljtll11'U ~ 'U'U l~'U~'1vi~~ 1tJlnml111ff tJ~l'11'U Ivi1tl'U ij.,j'U ~ ~'U ~'1 Ufi~ tl'U~1J 

.a .d.d tl Y YI,f I ~ 
II jm"~flfl1111~tIJl~ tJml111~tJ~l'11'U 'U'U 11111"11'll'fll'U 111'U'U 1~ 'U~'1l'1~l'1'1 j ~1J1J tJfl~ lI~ti'i ~fl 

OJ u 

fl1111 ~tIJl fftJfl11111 fftJ~l'11'U ~vi~tJj ~1i l'U vi ~'U ~~ mi1J l'11'1~~fli~"11 i ~tJ 1i'i~flfl1111t~1~ 'I ~~ 
~ u ~ q 

~tJ~ll 1lf~'1t~'Uml11I~1~1I~ 'llti~ 1lftn~lfftJ'Ij1Jm'Ull1mn'U' tJ'~1 lffilfl11111~1~tt 'U~Ul' ~1 'U 

~ljl'1~ 2.3 i~tJ 1,*flnyJml11"Jt"\!lfftJml11lfftJ~l'11'U ffl11i'1Jfllj' 11"'U~'1mfllff1'Uvi~l'I1~flfl~l 

"" jltJ"~I~tJ~ 

!JI 
l'11'1I'Ul~~flmmj .fl1tJ'U ~fl 

m~'1mfllff 

.. 0 !JI 
fl~tJ"l'11fl11m~'U 

..t !JI 
tm~'1"l'1mfllff 

!JI I 

'U~~~l'11'1~~ 

., 
l'11'1~~fl'V'l~"ll 

vi~tJj~1il'U 
I 

l'1mWfl 
.,.,I 

l'1mWml'U1~'1 

..
!JI I 

1J1'U,l'1~~ 

500
 

250
 

450
 

500
 

700
 

1000-1600
 

700-900
 

600
 

500
 

h'lijtJ'U mfllj 

h '1.fl1'V'ltJ'U ~{ ~~~l11mjll• 
mflw~'1'tJ 

500 500 

300 350 

500 600 

500 500 

800 1000 

1300-2000 1600-2400 

1000-1300 1200-1800 

600-900 800-1000 

600-700 800 
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IV	 .ct ~ 1

2.9 fl1"1'Hlfl1111~UiqJU!11 !U"1~'U'U'fI0 

2.9.1	 fl1111~UiqJliffJ!d0\1illflfl1111IiffJ~mu'U'rl0 

m11JliYtJ~'YI1'UftEl m1ll 1'i'1'U 'YI1'U 1'U f111' lHl L~El.:l ~1 nfl11ll 'I1-w ~ U'I ~ldfl.:l ~ln ~nr.:lvlEl 
.	 " 

L11El.:l~lnf111''I1'11'Ul~1111 HVAC 1~'Uf111i'l1'1U11111nd'U (turbulent flow) \1~U'U~~'Hl 
QI .cl 4 Q.J ~.cl "I" 

m1ll~'U'Q;tlJlfftJ'I11Elfl11ll~'U~n (pressure drop) l'Ufl.:l~lnm1lllfftJ~'YI1'U 1~~lnffllf111 

(2-30) 

. 
L =	 m1lltJ11ml 

y, tI I 

D	 = Iff'UH1fl''UCJn'l1.:l'YIEl.. 
v = m1ll1~d"JEl.:li'l1'1 

U'rlfll~ El{ (Factor) f111ll1 fftJ~'YI1'U ~'Umhi11m1ll11 tJmW.:lHU.:lvl El HU.:lvl v~ij~h'l1 tJ111..
 .	 " 
~~ijm1llI'i'1'U 'YI1'UL-wV.:l ~lnm1ll1fftJ~'YI1'U 'I'.:lnl1HU.:lvl V~111 tJ11 ';.:lU'U~11~vlEl~111tJ11U'I~~1l'l..	 .. 
'"	 131 I d Y Y QI,=!\ y
lnll1	 'I1ff~m~VtllffllV m1lllfftJ~'YI1'U~~'UVtJU'I~~V.:lf111'W'I.:l.:l1'Ul'Vwm1'lf'U~'UtltJ'I.:l.. 

" ,	 1" 0 Ii)" 'Ii)' '''' 1" 0'..!I 1 "Ii) " , ,
11ll11m~ 'lfffllf111f11'U1W'Hl h

f 
I~U~ Illff~~1f1l'YI1n11f111 'If'lf11'Y1t)f.:l 'If 1~.:lltJn11 

"	 " U'I~ 1,rH'II'lf'Ul~tJ1n11ffllf111 \1~U'U~.:li~~~'U1'lf1{'YIff1'11111f111 i '11 '1"V.:l 1.11u'I~mf11fl'1 'Uvltl 

.% 
"'U:lJ1 

2.9.2	 fl1111~U«qJliffJ!d0\1illflfl1111IiffJ~'fI1U,h'H1'Ufl1"1''Ha'U0\1~'I'ufi0
 

m1ll i~1.111V1~'Ufft.1.1lfftlldtl.:l~lnfl11ll1fftJ~'YI1'U~.:lln~~lnf111
i'l1 'I" tl.:l"V.:l i '11'11 'Uvltl 
.. u 

til ... I y ~ tI 0 QI Q,I d I 9J: d ~ .cl QI 

~H IlJffl1.:lllJ'U 'lfll'Y1 '1'1'11 'j111ff~1l'l~fI11~'YI'W1111VtJ f.11'U lllf)W '11 fill 200 0 F ~~llfl11ll~'U.	 . .. 
d JI 'e::I1 "Ii) "1 II I t1	 t e! J& 4

'Q;tlJ1fftJ'UVtJn11'Y1 'I1!d 'U'lf11'Y1l'11'11'UtJl~:lJ1W 10% 'YI.:l'Ul'Uf).:l~lnfl11ll'l1'U~1l'l~f111ll 
" . 

'11 'U1U'Il 'U"f).:l 1.111tJ~ tJ'U ~lll ~W '11 fJ iJ 

u	 .ct ~SI ,

2.9.3	 fl1111~UiqJUffJ'fI'Uflg)f1 

'U vn ~1 n ~ ~ln~ m1ll~'U ffUlIfftJ1 'Uvl v~ 1.:lU~1ti.:lln~m1 ll';'U ffUllfftll d f).:l ~ 1n fI 11II 1nd'U cu u	 cu u ..	 " 
(Turbulence) ll'l~nll ItJ~tJ'U 'Vlfl''YI1.:l i '11 '1Vi,rf)~ VU'I~11~1~n~1tJ 11 tJnfl11llffUlIfftJiH1f1 11ll 

" . .. u 

~tylfftJ'W'Ii~ (dynamic losses) i~Uff~.:l~1f111ll~tlJlfftJl'I1ri1ui~1'Uml1.:lVi 2. 4 1'U'I1'1l1tJfl11ll 

. ..d.c9 d d~ ~ dy 4 tI II	 QI 

tJ11ffll1d'l (eqUIvalent length; E. L.) t)f.:l'l1:lJ1tJf.Nfl11ll~tlJlfftJ'YIln~,,'U'YI"f)~f)'I11f)11'11~~1'YI1n11 
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""d""J'i' ~"" i d ..\ lip'I
f1111J~tytfftJ'YllfWl'\l'U 'U 'YltJ \PlHC)j'~1Jfl111JtJl1m1J~~\l 'U\Pll~l~'Yl 2.4 t1Jfll1 lf11f1111JtJl1ff1J~" l~ 

OJ I9/ d d9/ <!t "~lIJj/ " ... ..\ 
tt"1ml~ffl1J1HIl11f1111J~'U~fl'Yl'\lfllPl fll1 Hldl"1'U 'U C'] I~Hl1fl"lfl~'Ylfl111J~'U IPlflt'U fl~ 1I1flfl111J 

tfftJ~'Yll'UlPll1JtJfl~ 

... 9/' " • .1
V111H'tl 2.4 Uff~~f1111JtJ11ff1J1J"'\Ifl~'\IfllPlfltt"~11"1(rtlPl)

~ . 
Nominal Size ( inches) 

45 
0 

Elbow 
0 

90 Elbow 

Y2 % 

0.8 0.9 

1.6 2.0 

1 11/4 11/2 2 

1.3 1.7 2.2 2.8 

2.6 3.3 4.3 5.5 

21/2 3 4 

3.3 4.0 5.5 

6.5 8.0 11.0 

5 

6.6 

13.0 

6 

8.0 

16.0 

8 

11.0 

22.0 

10 

13.2 

26.0 

standard 
0 

90 Elbow 1.0 1.4 1.7 2.3 2.7 3.5 4.2 5.2 7.0 8.4 10.4 14.0 16.8 

long 

Gate valve 0.7 0.9 1.0 1.5 1.8 2.3 2.8 3.2 4.5 6.0 7.0 9.0 12.0 

open 

Globe 17 22 27 36 43 55 67 82 110 134 164 220 268 

valve open 

Angle 7 9 12 15 18 24 

valve 

Tee - side 3 4 5 7 9 12 14 17 22 28 34 44 56 

flow 

Swing 6 8 10 14 16 20 25 30 40 50 60 80 100 

check valve 

2.10 
... SoI 

m1i:1~tlW't1.fJ'J.l~1[fqtytylnu, 

fl1~"~fJW l1 1JiJ~1tJb!tytylfl1ff (Vacuum Precooling) t~'U1nfl1n11f1111Jt~'U~1tJ 
" 

"ltytylfl1ffl~tJiJ l1J1tJ~~~flr1i'l1'nlJfl1~"~fJW l1 1JiJ'\Ifl~iJ 11~~ltJ l~tJlI~fl1i1tJfl1~~~t l1 tJfl"lm~'U 
JI JI , • 

1 fl'\lfl~iJ 1 iJ 111~\1 fllJn 11 HmtJi 'U t1~il~ffij'Yl 1~ tJff1J1J~i ~ffm1~'\Ifl~fl1n1 Nl'U t~1J~'UYifl111J 
<II .oC::iIo ~ oIIC::lo: IQI oIIC::lo .do 
~'U U"~flW l1.f)1J lJ~~ tJlfl1ff C)j'~flWl1.f)1J'\Ifl~'Ult'YllfllJflWl1 .f)1JlJ~ ~tJlfl1ff '\I W~'Yl'Y11fl1~"~f1111J 

II eu II eu II III 

JI 'I I.", 
~'U fJW l1 1Jjj'\lfl~iJ 111~i1~f1~Yi lI'Um~"'~ml1J~'U 1~1Jli1~~~f)1J~1 .yj ffm1~ij fl1fl1ff.yjfl~mtJ i 'Ut1~ 

lI~mtJ 1 tJ '\IW~~ml1J~'U lri'tlfl,,~,,~i1~ 1I~g1J~1tJ~1J1W '\Ifl~fl1fl1ff~fldmtl i 'U t1~ ~ l'U 1'Ut~fl,r fltJ 
~. ~ 
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.J y 1tI : d ~: ~ ct d.ci ~d fjJ 4 
'il~ tlfl U'VI'U 'VI~dtl !fl'U 1'V1'j ~ m tlflflfl 'illflm'tlfl-:j 'Ul 'il 'Um ~nnmdl:lJltJ'U tI-:jflW '11 fl :lJ'VI\PIfl-:jf11'j C}f-:j 

~ ~. 
ml:lJ~'U i 'Utl-:j'il~tlflfldlm:lJ 1 ~fI-:j~'il'U m~~-:jfl-:j 'il~~:lJ~d 'il~ii ml:lJff:lJ~'UnnlJflW'I1 fliJ~~fl-:jf11'j 

qr q q q qr 

tn lJi'mn f11'j t~:lJ ~ 'U U" ~ '11 tl~ V1l-:jl 'U 'tI fl-:j'j ~lJlJ fl1l:lJ ~'U U" ~ flW '11 fl in 'U tl-:jlJ'j'j 'il 'il ~ ~-:j fI-:j~ i 'U q q qr q 

., dI "~.dl '" d.",.l i ='t .,
'j ~ ~ lJ '11 'U -:j ~ -:j 'U 'U 'il-:j ff 1 :lJ 1 'j tI 'Vl 'ill 'j W1 fl 'j ~ lJ 1 'U fll 'j 'VI t fl ~ 'tI 'U fll tl 'U lJ 'j 'j 'il t lJ 'U UlJ lJ fI-:j \PI 1• 
ml :lJff:lJ~'Un ,jj:lJ l\P1'j U~~flW '11 fl in'Utl-:j fftlJtlJlf11f'1''I11 1 ~ 'illfl ff:lJf11'j'tl fl-:jnlC}fff:lJlJ'jW t~fl'l11 

q qr qUU qr 

Y • Y 

:lJ1"'tIfl-:jfl1f11f'1'UM'-:ju,,~ 1 mhfifl~fl1tli 'Wtl-:jlJ'j'j~ 1~~-:j\i 

(2-31) 

(2-32) 

1~ tl~ fl1l:lJ~'W 'tI fl-:j fl1 f11f'1'i 'U lJ'j'j tJ1f11f'1''il~,j'j~ flfllJ~1tlfl1l:lJ~'U ~fltl'tl fl-:jfl1f11f'1'U M'-:j nlJ fl1l:lJ 
y y y 

~'U ~fltl'tlfl-:j 1mJl ~-:jU'U ml:lJ~'U'j1:lJ'tIfl-:jfl1f11f'1'ffl:lJl'jm~tl'Uff:lJf11'j 1~~-:j\i 

(2-33) 

(2-34) 

m = :lJ1"'tIfl-:jfl1f11f'1'uM'-:j, (Ibm)
a 

y 

m = :lJ1,,'tIfl-:jlmh (Ibm) 
v 

Va = ,jj:lJ1m'tlfl-:jfl1f11f'1'uM'-:j, (ft3) 
V = ,jj:lJl\P1'j'tlfl-:j1mh (ft3)

v 

R = rilf1-:j~'tIfl-:jfl1f11f'1'UM'-:j, (stu/Ibm. 0 R)
a 

oR = rilf1-:j~'tIfl-:j1mJ\ (Btu/lbm. R)
v 

P = fl1l:lJ~'UVfltl'tlfl-:jfl1f11f'1'uM'-:j, (psi)
a 

y 

Pv = ml:lJ~'W~fltl'tlfl-:j1mh (psi) 
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= """ (oR)T 'fJW"UJ1Hlll~'HUtlf)~mfllff, 

P'at@T = fl1111~'U'lJf)~'f)~1l~1, (psi) 
"a" J '" '" " <I> = IUml9f'U\PIml11'lf'U'i:lll'VfVlti, (%) 

U111 lWfl1111 ~f)'U ~ri 1m'YIf)f)fHl1flJ'11'U 'j~'l1 "h~ fll 'j Yllf1 11111~'U ~1t1'i:lt'Ut'Ulfllff 11l'i:lllll~',il• u u
 

11 I t JI
 

'Ul '1Jijfl1'ii\JfI1111~f)'U 'illflff~ln\PI~f)lli\PI '1 U1111W fl1111~f)'U Yif)f)fl'illfl'Ul'i:lllJ1'jf:ll~tI'U'i:lllfll'j 
., 

11) 31 '" "" 
1\PI\PI~'U 

(2-35) 

(2-36) 

., ., . 
~~'I!'U fll'j'l11U1lJ1W tlf)~'U1Yi'j~l'l111 'l11 '~'illfl'i:lllfll'j 

mep (I:mb - T.at )
m =--'------ (2-37) 

v L 

. ., 
Q = U1lJ1WflJl11~f)'UYi\)flrilt1f)f)fl'illfl'Ul, (Btu) 

" m = 111'ltlf)~':h, (ibm) 
., . ., 

mv = 111'ltlf)~1f)'U1Yi'j~l'l111f)f)fl'illfl'Ul, (ibm)
 

ep = fl1111~f)'U ~ll'Vll~~ml11~'UfI~~tlf)~J'l, (Btu/ibm-oR)
 

L = fl1111~f)'UU~~tlf)~fll'jfl'l1tJ!rJ'U If), (Btu/ibm-oR)
 

Tamb = 'fJW'l1.fJ1J'i:lll\l'jWI~ll~'Utlf)~lh (oR)
 

T.at = 'fJW'l1.fJ1J'i:lll\l'jW~fl1111~'U'f)~1l~1, (oR)
 

""'I a 0 a .cl "" .l ~ 
fll'j'l\PI 'fJW 'l1.fJll I 'U IflHI~'YI1,,!tyt1Jlfllff (Vacuum Cooler) fl1111ltl'U 'YIlfl\PItl'UI1J'U~'llJ1'illfl 

.t:!t:,d .q:.t:!t It)1.q,l c:, Q,l1ll71Q,I 

fll 'j 1\PI f) \PIti f)~ 'U1 'YI'j ~ l'l1 tlf) {) fl 'illfl~1t1 f) ~ 'U1 fll'j 1\PI f)\PI 'il~tI~fI ~ III Ifl\PI tI 'U 'il'U m~ 'YI~fl1111\PI'U I \PI \)fl 

'l\PI'l~lJ1~~'\PI~1l~1 ~~mllJffllvr'U 1i'nlJ'fJW'l1.fJ1JtlfNJ'l ml11~f)'U ~f)~mtli 'UJ1'il~Yll1,.rJll$if)\PI 
a 11) • i~"" a.l, I a '" .d 31

'j ~ l'l1 til11 'U If) f) tl fllJ1 'YI1 'lHfl\PI fl1111 W'U tI'U tl til ~ \PI tll 'U tl~91111 fl1111 \PI 'U'YI 'l \PI 'l ~ 'illflfl 1111 'j 'YI1~ 
'" 

"i 11) """ '1 a",,,,,,,, ''1 "'.1 .J <!\ "''''' l'YItl'j II 1\PI'Ul11fl'i:l tltl~l'l1(l1 \PI '1 fl9l111 'il~llfjW'i:lll'IJ\PItl~ 'U\PI1u'j~fll'j'l1'U~ fltl fjW'i:llllJ\PI 
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t~tJlti'Uml1J~tJl'eJ (Vapor Pressure) mhl~'eJ~~W'I1fJiJi~~W'I1fJiJ'I1~'1 'lJ'eJ'Im"lil~ij~l 

f1111J~tJ l'eJ'eJd~l'11~'1 ~'1t~tJflll1J~tJ ff1J~tJi'~utltJ'eJtJ tGJftJ f1111J~tJ l'eJg1J~l~'U'j'Wlfl111 Jl.. 
il~t~1Jfl"lm~tJl'eJ~~W'I1fJij 212 0 F U"~f1111J~tJl'eJ~1J~1 0.088 psi 'I1~'eJt'yhti'U 0.610 

'JI I' I 

kPa tJlil~t~1Jfl"lm~tJltl'¥i'eJW'I1,fliJ 32 0 F ~'1Uff~'1itJ(Pll'jl'1fi 2.5 
q .. . 

~W'I1fJiJ (oc) 

0 

~W'I1fJiJ(oF) 

32.0 

ml1J~tJl'eJ~1J~l (kPa) 

0.610 

ml1J~tJ l'eJ~1J~l (psi) 

0.088 

1 33.8 0.656 0.095 
I 

2 35.6 0.705 0.102 

3 37.4 0.758 0.110 

4 39.2 0.813 0.118 

5 41.0 0.872 0.126 

6 42.8 0.935 0.136 

7 44.6 1.002 0.145 

8 46.4 1.072 0.155 

9 48.2 1.147 0.166 

10 50.0 1.227 0.178 

11 51.8 1.312 0.190 

12 53.6 1.402 0.203 

13 55.4 1.497 0.227 

14 57.2 1.598 0.232 

15 59.0 1.705 0.247 

16 60.8 1.817 0.263 

17 62.6 1.937 0.280 

18 64.4 2.063 0.299 

19 66.2 2.196 0.318 

20 68.0 2.337 0.339 

21 69.8 2.486 0.360 

22 71.6 2.643 0.383 
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2.11 iI1"U:::fllltl~U~nr.:.l1J1.:.1 

f)l'Jl''U:::f.lU'I1J1'1 'I11Jlt1i1'1 f)l'Jl''U:::~ml1J'H'Ul'\JU'If.lU'Iij~luumrlmfitl1Jn'U1ffijfl111J i 1'i''1 

1M' t l1:l'Uml1J'H'Ul lll:'l~ R 1~'U1ffijil'i''1 111 R/t ij~lmnn1l 10 ~m'il'il:::~~i~'h1:l'U 

f)l'Jl''U:::f.lU'I1J1'1 . .
 
o SI Q.I _It::l .eI 

2.11.1 fl11fllUlWfl11tllflU (Stress) 'U6.:.1fNIUWIUU'It1'lutn'tUUJtI 

'ill mwnl'i 

px (a xb)
(J' = -=-,,----:-....:.......,----,.:,,- (2-38)


[(2a) + (2b)] t 

a = ~U'\J'Ul~fl111J~'1'\JU'Iti'l, (m) 

b = ~U'\J'Ul~fl111Jtll1'\JU'Iti'l, (m) 

c = ~U'\J'\.J1~fl111Jn~1'1'\JU'Iti'l, (m) 

t = ~milml1J'H'Ul'\JU'Iti'l, (m) 

p = ~UllH~m:::'}'h1'Uti'l, (MPa) 

2.11.2. fllfllltlU116Y1.fl£l 

I Q,I d. CI I QI Q,I Q,I ~1yJ
fl1ml1JUm)~.fltl'Vl'il:::lI:'lun 'Jl''\J'Uu~n'U~1U'i:::nu'U~'1'U 

I " , , 

"" "" 

nl'i lU~t1'UIIU1:'l'l1P11:'l U~111:'l1'lJ w:::1~'11'U 

1) 'Jl'iJ~'\JU'Ill H fimm::: vh~U~'U'Il'U1111:1 'U m'l fi ~~ fl~1 'U U'i :::1.fl'Vl u~iJ 'I 'H'iU1J 

'" . "" . 1~2) tlnll:::nl'J1~'11'U'\JU'I~'U'Il'U 111ntl1,j'U'In'Unl'ifi m'il 'il:::'fftlHfftl;11P1 'H'iU'Vll 'H 
'U .. 

'Vl1'VlVff'U lfftl'Hltl1Jln'H1Uill 
.... . 

3) Ul'HUn'\J~N~'U'Il'Uijml1J ~111:l'U~U'II1J1fi'ff~'H 1Uill•. .. ..
 

1'UmwVI i~ijnl'itll'H 'U~'\J'U 1~'\JU'I~'U'Il'U1Jl11~1 ~lfl111JUI:'lU~.ntl'\JU'I~'U'Il'U~U
 

N - (J'u 
u (2-39)-

(J' 

lll:'l::: 

N _ (J'y 
y- (2-40) 

(J' 
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fl11lJ~1'U'YI1'UtlH~'1fl"~I:JJ1'I (Ultimate Tensile Strength), au 

fl11lJ~1'U'YI1'UtlH~'1fl'jln (Yield Stength), a y 

I Y ~ QI .<:::::l , Y 
fll'Utl'lfl11lJl'll'U'YI1'UllHI'I\ltl"l'IllJl'I (Ultimate Tensile Strength), a u 1l"~fll'Utl'lfl11:JJl'll'U'YI1'U 

~ ~I 11)91 .,~ 0' d 
llHI'I'Ifl'jln (Yield Stength), a y IUI'I~ II'I'illnmfl(:-l'U1n ('U) 'Utl'l'H'U'Irrtln"ffl"'I'I'i'Utl'lll'U'I 

(Mechanics of Solids) 'Utl'l (:-Iff. U'i'i'ilU tl'i']j''i 

'" ']j''UI'I'Utl'lllH 

d '" 1 '" l'H"fll'H'U t1111"~ "'H~l'H'U t11 1'H~nm;tlll"~ l"'H~I'l.hl~ 

Ny Nu Nu 

. 
'''' llHtltl'U'I.. ., 

o ~ ~ o!!t 
ll'i 'I C)j'1'Y1ff'YI1'111'1 tJ1'H 'i tlll'i 'I 

1.5-2 3-4 5-6 

d 31 
m~ll'YIfll"n'U tltJ 
., 
• '" .a

ll'i 'I C)j'1 '"tl 'I 'YI ff'YIl 'I 'H 'i tlll'i 'I 

3 6 7-8 

d 31 
m ~ II'YI fll" fl 'U tl tJ 

, ., 
II Hm~ll'YIntltJl'1'H'U n 4 8 10-12 

5-7 10-15 15-20 

<N .. 

2.12 nT~'t'I1fh~~~lU'Utl~ilU-U1 

'" ... 0',,1 31 '" ,,1'1 31'1 I 31 .,.,f 4 31 
UlJfltltl'IJmw 'YIi']j''H :JJ'Ul1tJ'U 'VII']j' I'U 'YItl 1l"~"''i1'1fl11lJl'I'U 'U'U 1J11'YWltl1']j''U~fl11lJI'l1'U'YI1'U 

fll'i i'H" 'U tl '1'U tl 'I "l i 'H"i 'U 'i ~ U U'Vl tl ~ 'I ~ 'I ~ ~ fl11lJ "h tity tl ci l\llJ 1n ~ tl "'lJ 'i HI'U ~ 'U tl\lfllJ fif.l 
., ,,1 ;;j 31.,f., 1IJ ,,1 I • ., 31 ,,1 'I 31'1 ., 4 

fl11lJl'I'U (HJI'I) 'YIulJ"''i1'1'U'U tll'l'i1fll'i l'H"'VI"''Itltlfl fll"'11J1'YII']j' l'Ufll'i'UUlfl"tllHl'l~ 
WI" td • 

'IJ'i~ ff'YIim~'iI1nUlJ l1 tJnff\ll'H ~lU 11",nl:lW~UlJ (Pump Characteristics) ff1'H1Un1-r;;'1\ll'UYi 
td ,,, "" 

ff\ltltlfl'illnUlJt;tln1-r;;'1\ll'U Vi ff'lri1tJi ,rU1 11tJnn1-r;;\l'l1'UU11ll'i'1~lU1 U"~'H1'~'iI1n"'lJm'i 

(gpm)Yh j 
(2-41)whp = 3960 
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I • I r:I .. . '" 
1'U £J~ 111 tl ~ f1111.1 tiYtJ1I 'V11'W U{I ~ ~ f1111.1 'fYillt ff tlD'W £I dt 'W ~1111.1 ~ ~,r 'W tl1 ~~ ~1 'W Vi it £J'W t ..1'111.1 11 ~ 

'II " 'II .'" '" 
1.11tl tl11 fh~~~ 1'W li1l1J ri~£J£Jtlt 'fYlJ£J ijtl11J1h~~'V1~fIl'W,.m~1I1J hp) m111111tl'fYlJtll1 

= whp (100) (2-42)
1]p bhp 

11ltl~ 
.. 

whp = UH~ltJ1(tl1~~~1'Wri~£J£Jtl) (hp)l 

. '" 
bhp = tl1~~~ll-.1liit£J'Wt..1'1I1J (hp)l 

gpm = fl'1Pl'i1tll 111l{I , (gpm)
 

'"
 
hI = t~1I111J'lJ£J~1I1J (ftJl 

f1111Jd,)~~lt'W1~'U£J~'U£J~ 11l{1r = 
.. 

= 1 -cr1l111JtJ1 

tl1~~~1'W tl£J'Wt,r1~1.1 f1 £I tl1~~~1'W~1',!1I~ ~£J~tll'j1J 1tllJ £It\PI £J{ i 'W 'V11~lJ il1J~f1,)1 t ~ . .. , 

lJ£Jt\PI£J{li~'U'W1111\PItl11ihVl£Jit£J~tl'W 1:lJt..1'lJ£Jt\PI£J{i'1J III{I11 1.1 1tltf)'W1lJ 

2.13 fltl'UtYl'U!CJftl1• (Condenser) 

t~ 'W £JlJ tl 1 wi'W 1 ~ 11 1 tl11 v11 ~ 1'W 'U £I ~ tl (Ii'\PI 11£1 J 1 ~~ ~ 1 ~ t~ £I v11 t ..1'1 £I J 1~ 'U tI 1tI ~1 t 'W• 
tflt£J~~m 1mi1l11£Jtflt£J~tl~11'W 1mil U~1tl~'W~1t~'WJ1t~£Jtl~1J 1 lJ1'Wll ~£J~lJ 1£JJ1fltlflf~ll~~ 

t'W 'U W~ t~tI ') tl'W 11 ~'U ~11m tllfl' U{I ~ n 1C)f~ 1:lJ 'fY11J1Hltl ~ 'W ~11II t'W 11 ~ n1 GJ11J H 'lfij 11 t'lf'W ... . 
£J£Jtleitll'Wti1£JN'fYlJ£Jdt'W1ml1 1I~v11i ..1'~tll1tl1ltl1£J'W£Jd1~1'WUH t 'Wtfl1£J~~m 

'II • 

1) {l1Im11Jf1'W'Utl~ 1tlJ1'UW~~ 1£JJ1tltltl1l1tltflttl~~m 1tlJ11l1mflt£J~tl~11 'W 1tlJ1 ~~ .. .. 
tll1 (l1Ifl111Jf1'WU1I~v11 t ..1'tf)1I'W~~~1'W lIm1'fY ~;j'W 

'II 

2) v11tll1tli'W1£1111t ..1't~'WJ1t~£Jit£J'Wtl~1Jrill~£J 1tlJ1fltlflf~1l~ ~ .. 'II 

o .cI .cI Q.I J 
2.13.1 fll1fl1'U1w'mfltl1fl1.Jfltl'l·UYI'U!CJftl1 

2.13.1.1 lJ11JlwJ1~t~ml£Jtg'Wfltl'Wt1l'WtC)ftl{ . .. 
lJ11JlWfl111J1m.Jli1I1mtl1mJ1 = W (h - hJs s 

_I'" iI d ,\,:. d () 
U11JlWfI,)11J1£J'W'V1Qtl~1IIf'lfJ'W1l1{1tltfJ'W = ww '!I - t; 

t~tllJ11J1Wf1111J1tl'W~111111tl1flJ1 tm~~()tl1l1l11ltlJ1l1r:1mg'Wt'Yhtl'W 
'II 'II 

(2-43) 
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.... .. 
\PI1:IJ'VItj'l:la t

c 
- tf 1l~t'U'VI1,nJiju~m'jfHJmfl~1'\Jfl,:nh!":::lmJ1fll'il!~'Ul,jl,;'l~~'VU) fl~U'U 

t f fll'ilOfl1W'htl':h t c ,j'J:::mw 10 -15 of 

ws(hs-hJ 
W = (2-44)

w (t c -ti ) 

.. . . 
hs = m'U'VI1"lJ'\Jfl~ lm~hl1flflfl'il1flti'~M'Ul1~W'HfJiJ t s , (Btu / Ib) 

tI I I " 

hw = m'U'VI1"TI'\Jfl~ihl1!nfl'il1flm'jfl"'Ufl1'\Jfl~ lmhQw'HfJiJ t c ' (Btu / Ib) 
tI JI I I 

Ws = U1'H~fl~fl~'flU1l1fl"'U~1, Vb/hr)
 

Ww = ,j1:IJ1W'Ufl~J1'Hrim~'U~~fl~m'j, (lb / hr)
 
"'" : .d.dil' 0' ()


t i = ,
~W'HfJ1J'\Jfl~'U1'H"flW'U'VI!'\J1\1f1fl'U!fl'\.J!Clffl'j of 

t = lmi'l,c ~W'HfJll'\Jfl~J1'Hrim~'U~',;''il1flm'jfl~'U~1'\Jfl~ (oF) 
t f = ~W'HfJiJJ1'Hrim~'UmtJ'H"~H1'Uflfl'Ulfl'U!C)ffl{, ( of) 

... I " 2.13.2 NlOUJmfllUJ~a't.! 

(2-45) 

(2-46) 

. .. 
t'U m tU l1ih'H 'U fl fi l'Vl'U ~1i''lJ m1:IJ~ fl'U '\Jfl~f1 fl'U!fl 'U !C)ffl{fldtifl'Utl~ 1 ff1:IJ1Hlfl1'U 1Wmfi1 

OJ .. .. 
fl

q 
W'H fill'\J fl~U 1'H ri m~'U 'H €1 ~ 'il1flH1'U f1fl'U!fl 'U !C)ffl{tl"::: fl

q 
W'H fi iJ'\J fl~ l flU 1~ fl 

qJ cu 

ts - 1;
T (2-47)s 

2 =t ­ (AUJ
anti In ---;­

T -T. 
(2-48) 
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.: .d~ 9J I G) ~ 
A = 'Y'I'U'l'Imm11JH)'U'U{)~'l'I{)flltJ ~'Ufl{)'Ut~'Ut9W7, 

'jJ 

W	 = ,j11J1W'Ufl~ij1'l1~m~'U, (lb I hr) 

= ~WMfJiJ'U{)~J1'I1~{)t~'Un{)'UtUl~M~~'l1f)~~1'Ufl{)'Ut~'UtC)f{){(oF)~ 

T2 = ~w MfJiJ'U{)~J1M~m~'UnU'UU"':::M~~'l1f)~~1'Ufl{)'Ut~'UtC)f{){ (oF) 
~ 'jJ 

U = ff1J,j7:::E'l'Iiif117rl1m'l'lm11J~{)'U11~M1J~ 
'jJ 

I1t m = Logarithmic Mean Temperature Difference 7:::WJ1~~WMfJiJl{)ij1 ts 

c:,,: I d ~ I .d 
U"'~{)W Mfl1J'U 1M ",{)W'U ({)W Mfl1JU~f)~l~tlWtJ) 

q ~ q ~ 

'jJ	 'jJ 

i'U f117 MlflW ff1J1J~ 'U{)~ ij1t~ tJ~'U{)~fl{)'U t~'Ut C)f{)7 ff11J 1HlM 11~ 'l1f)m11J ffm~''Un'U{)~
• 

'jJ 

ff1Jf117~{)l,jij 

V=KGLN G =~=~ (2-49) 
A 'A 500A KLN 

d 1 : I d I

V	 = m11Jt71 l'Uf117 M"''U{)~'U1M'''{)W'UflltJl'U'l'I{), (ft I sec) 
'jJ 

G	 = ,j11J1W'U{)~ij1'l1~m~'U, (gall min) 
'jJ 

w = ,j11J1W'U{)~ij1'l1~m~'U , (lbl hr)
 

L = m11JtJ11'U{)~vi{), (ft)
 

A = if'U~~h~lJm11J~{)'U'U{)~vi{), (ft2)
 
'jJ	 • 'jJ 

N	 = ~1'U l'Ufl1~Viij1M~m~'U1M'" ~1'Ufl{)'U~~'UtC)f{)7 
I .
 

K	 = mfl~'l'I'U{)~'l'I{) 'l1f)~171~ '" 
. ..cc I d , 

1JI11H't1 2.7 Uff~~mm'l'l'UD~'l'I{) 

", 0'
'U'U l~t ff'U ~lff'UtJf) "'1~ 

OJ 

'jJ 

flltJ'U{)f) (ih) 

~ dC\ 
'Y'I'U'l'IHdflltJ'U{)f) 

(ft2 ) 
fl~71f1171M'" 

(Gpm) 
K 

3 0.1963 0.94 0.208 
-
4 1.04 0.188 

7 0.2291 1.36 0.168 
-
8 
1 

0.2618 
1.48 
1.85 
1.99 

0.155 
0.141 
0.131 



lUI 

.,c 
tJ't'J't'J 3 

fl1'n)t1fU!tJtJ!!a~fll'U1W 

v • 

1'U fll~~ll U'U ~1'U'VJ tlfil i'~fil1~ ;)~~ fll~1HUr-l'U fllHl1~1'U O'fl'U fllH1Hl'U 1~'fl111'1m Hl'U 

o d • "1.191 ci 

ftl~1~~ftl~;)~~1~!~~1U~. 
Sol .et, , Q,I 

3.1 fl1"'Hlfll11J1t1'U't'JOlf.JmNl'UN'U~ 

... 
3.1.1 ~W'HoQ1Jt1t1flUtJtJ 

... off.Jw l1lJ~ 'fllfllf1fllU'U'fltl = 93 

OF'flwl1f1iJmfllf1f1lul'U = 72 
• OJ 

fill 
, 

u '\J'fl~'fl'JiJliju~ = 0.555 Btu/hr.ft2 of 

I 

fill U '\J'fl~m~;)tl = 1.06 Btu/hr.ft2 of 

I 

fill U '\J'fl~u1JcMlJ = 1.02 Btu/hr.ft2 of 

, ... d 
fill U '\Jm'flj'lHWtl = 0.669 Btu/hr.ft2 of 

, 
fill U '\J'fl~~'U'Ql'lJ = 0.597 Btu/hr.ft2 of 

8ft 

2ft 

2952ft 

.¥ ...I 4.l'Y'l'U'VIn'1::"In 

I I I I I I I I 
~,r.:j~'U;1'Uih.:j 3,::> 

• j1 , j13un 3.11lft~~~'UliYlf11ln1m1~l1~~ 
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. 
Sol .:t' , Q.I SI 4 4 

3.1.2 fllun8'U't1i1UlI'flNl'UN'lHVll'U't1f1I,"'U8 

T11'U l\lHllf1'ff1Jf1l'j 2-1 

'" . 
vt'Uri (4.92 x 29.52) = 145.24 ft2 

(145.24 x l.06)x 21 = 3232.99 Btu/hr 
'" ..:!l do CV 41 fj} .q .:!l 

3.1.2.2 ~'U 'Yl~'U ~ \l'U~1'U'YlffI'H'U fl 
'" ..:!l d Q,I ... I iJ I 

~'U'Yl'Ufl~~'U~u'U~l'U~l~ = (29.52 x 3.28) = 96.83 ft2.. 
'" . 

vt'Urimr~~'U'jl1J = 96.83 ft2 

(96.83 x 1.27)x 21 = 2582.35 Btu/hr
'" .

'Q~'I1'Ufl1l1J~fl'Uririlm'Yl~·h'Umr~~1'UYlffl'Hi'jfl 'j11J 5,815.34 Btu/hr 

?g.S?fl 

2ft 

8ft 

.¥ ... J
'W'U'VIn~'iln 

I I I I I I I I I I I -.. ,jil.:ltJ~91iIiun'U!l3-I -.. 3,).. .. i1'iUJL'U!l3-!.. 
I I I I I I I I I I I 

11.48ft 6,561t 11.48ft 

. 
• d 

m'U 1 \IHIl f1 'ff1J f1l 'i 'Yl 2-1 

3.1.3.1 
Q,I 0 'j/ 'JJ ~ i 'JI 

~'U~'Yll~llJm~llf1~l'U'Ylff ~ 

'" . 
vt'Uri (4.92x29.52) = 145.24 ft2 

'" .
vt'Uri"lffl~tl'j~~ (3.28 x 6.56) = 21.32 ft2 

(166.56 x 1.06)x 21 = 3728.61 Btu/hr 
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W'oP .e:rt.d ..e:rt.iil'j}

3.1.3.2 ~'U~'Yllrl1tltHllJl'UtllJ111'U'Ylff \PI.. ., . 
~'UVi (3.28 x 22.96) = 75.31 ft2 

(75.31 x 0.56)x 21 = 885.65 Btu/hr 
., . 

'Q ~ iT'U f111lJ~ tl'U Vi ri ltll'Yl ~l'U~iT~~1'U Vlffi~ 11lJ 4614.26 Btu / hr 

19.6811 

..r .... 
~.YfU'VIn'i:: I;jn 

....... 
'!l~UJL'U!I3J ~... 

2ft 

8ft 

QJ' 0 'j} 'j}.e:rt. Q,r 

3.1.4.1 ~'U~'YllWJtlm~ llfl111'U'Ylff\PI~1'U tltlfl 
., . 

~'UVi (4.92 x 19.68) = 96.83 ft2 

(96.83 X 1.06)x 21 = 2,155.35 Btu / hr 
QlOj/ Ad tj} A. QI 

3.1.4.2 ~'U ~'Yl1111t1tl"lJI'U t1lJ111'U 'Ylff\PI~ 1'Utltlfl.. ., . 
~'UVi (3.28x19.68) = 64.55 ft2 

(64.55 x 0.56)x 21 = 752.33 Btu / hr ., . 
QI 'j} df I QI'j}.e:rt, QI 

'Q~'U'Ufl1llJ'jtl'U'Ylmtll'YlHl'U~'U~111'U'Ylff\PI~1'Utltlfl11lJ 2,907.67 Btu / hr 



42 

PC> C;~ Ft 

L'W(;l1'Uih.loa'3J 

19 68ft 

3.1.6	 hnWI;nm'Vt~l'U
 

iil1 U 1Jtl~m·hJ~ui1J = 1.02 Btu/hr. ft 2 0 F
 
., . 

Vl'UVi!'Vl111'U (29.52 x 19.68) = 580.95 ft2 

'fltu 11 f)iJU~tl~l~ = 21 of 
., • OJ .
 

'il~,rm1111J~tl'UViri1tJll'1~1'U!'Vl111'U (580.95 x 1.02)x 21 12,444.04 Btu/hr
 

. .,
9J 0 ~ -C.\ o!:iQ =	 m1mtl'U 1I1!'Vl1~l'1!fll11J'U 

., 
Watt	 = ~1'U1'W1\P1f11Jtl~'I1Cltll1 'vJ't1~'I11Jl1 

3.4	 = iil1f1~~i'U fl1'j!U~tI'U'Vl~~~l'U' vJ~l!~'U m11J~tl'U 

0.85	 = iil1 use facter 

1.2	 = iil1U1mWm11J!tl'U~'~1I1fl'l1Cltll1 'vJvJCltltltnnC)f'Uf1 20 % 
OJ 

0" 1IJ ••1 ••1 " _1 ~ .,,, .k 0 i ~ 1IJ ••1..1
Cl'1'11 'j U'11 Cl tll1 ll1 11 Cl tl tit'j m C)f'U \PI 1J'j ~ fl tlU111tl1J1 Cl Cl C)f l'1 C)f ~ 11 ~ l'11 '11 '11 Cl tll1 ll1l1 Cl tl tit 'j Cl' 

OJ	 OJ 

!C)f'Uf1 , ..rf1111J~tl'U tltlfl1J11J1flfl11'11 Cltll1 , vJ1i':i':i1J111~fl 20 !utl1!~'U f1 ~~J'UU11J1Wf1111J!tl'U ~ 
., 

, ~1I1fl'l1Cl tll1vJ'J tlm'j Cl'!C)f'U ~ ~ 1'U1'U'11 Cltll1 , vJ~l't1~'I11Jl1 18 '11 Cltll1 ., 
'il~tT'Uf1111J!tl'U1I1fl'l1Cltll1'vJ (18x40)x3.4xO.85x1.2 = 2,496.96 Btu/hr 
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11 r:., v Y _I
3.1.8 fllltl"nnHllfltllfl1ft1ll'Ul'tUH (1l1fl'U1::~) 

'HHJt';I'H)'lJ'U1\J1h::~ 2(3.15 x 7.84) = 49.39 ft2 

1J~lJlf.lHnfllfl'~t1l.,rl,rtl~ (0.5 cfm / ft2 ) (49.392 ft2 ) = 24.69 cfm 

'illfHYlJfll') 2-7 Qs = 1.Ix(24.69x21) 

= 570.48 Btu/hr 

Wo = 84 grw/lba 

:':'1"1 'i "'" '" "" "Ij/IU~ It]f tfl')llJlPlm'l11HI '1'172 of db, 50 of rh l~ 

W; = 58 grw/lba 

'illfHYlJfll2-8 QL = 0.68 x 24.696 x (84 - 58) 

= 436.625 Btu/hr 

~ , 
'U:;'I!'lJl"1'J1~~!l'lJ1Ol1nmn1lilf'JLO]1'!X!l\l QT = (570.478 + 436.625) 

= 1007.103 Btu/hr 

3.1.9 fllltl1tl'U1l1flflU 

fll')fhtJ1W'H1fll1lJ~tl\J'illfl~i,*mtJi'U,rtl~i,*'fflJfll,) 2-5 U~~ 2-6 
'" 

j/ 0 9J .d Q"I .c::S " 
'Utlfll'H'U~'Ufl~fllnnmllJ'J tl'U 'illflfl'U lJ~~'U 

fll1lJ~tl'U ff:IJ~'ff~ '~i''lJ 230 Btu/hr 

j/ 31...H "'" ,fll1:IJ')tl'U1l ~'I'I ~,)'lJlPltlfl'U 190 Btu/hr 

vJ "'1 do ...u flllPltl') 'H~~ml:IJW'U'ffl'H,)'lJfl'U 0.15 

~l'Ul'Ufl'U 30 fl'U 

'illfl'ff:IJfll') 2-5 Qs = 230 x 30 x 0.15 1,035 Btu/hr 

'illfl'ff:IJfll') 2-6 QL = 190x30 5,700 Btu/hr 
" 'Q::U'Ufll1:IJ~tl'U'illflfl'U lvhn'lJ (1,035 + 5700) 6,735 Btu/hr 
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'i' y •3.1.10 !'t'It1"flllt.l·nl'lUnflt.la&V1a~ 

,. y .. Y I Y Y • .1 "" I

fl1 'i '111 b'l1 '" fl f111'lJ HI'W 'ill fl 'lJtJl~ tJ'i'il~ ~ ~'HJ WfI1f111'lJ HI'W fl1tJUTffl t~ ~ 'i bfl tJ'I11f11 

•.1" ..
UTfflt~m~~.:I'lJm~m'illfl~l'il.:12.1 

jlo 'jJ d'd,Q,I,1
~~fl1'11'Wfl~~.:Ifl1'i'l111'I1"'flfl11'lJ'i~'W'illfl'lJm~~'i 'lJfl.:l'W 

~'W1fl~m'lJ~t~'Uf 1 hp (tiJfl~l'il.:1 2.1) = 3,200 Btu/hr 
o .. ., 

'ill'W1'W'lJm~m 1 hp 5 ~1 

~ j/ cI I QJ 

Q~'W'Wfl11'lJ'i~'W'illfl'lJm~m tVllfl'U 5 x 3200 = 16,000 Btu/hr 

>I 

1 'I1"'flm'i~ 'i1'lJl1.:1'11 'lJfl = 53,293.893 Btu/hr 

'" .,: '" '" I I., (53,293.893 x 20) /h
f1flL~'lJ~fl 20 % 'lJfI1LVllfl'U =10,658.779 Btu r 

100 

'i1'lJLi'l'W (53,293.893 +10,658.779) = 63,952.672 Btu/hr 

flflL~'WIPi'WL'vhti'U 63,952.672 = 5.33 ton
 
12,000
 

'illflff'lJfl1'i 2-7 'I.h~~fl~'I11 clm 

63,952.672 = 2,768.51 clmflflL~'W clm i~l"hti'U 
(1.1 x 21) 

3.2 m~tll'J.nt\!u,,~aaflu'U'U'I1lil"'aJ1 
>I , • 

fl1 'i ~ ~fl U'U 'U 111ii fl i mhli iY.:I 1l~~.:1 fill U.:I ().:It'j ~ ~~ 'i 1 ff1 'W fl1'i ~fl 'iI ~ ~ B.:I hit fl 'W 10:1 

-&1'111111 'WLL~"'~ffL~'iI (Stage) lfltJ~l i'!.J'il~~~mL'U'U1 ~li~~'ilff1'Wfl1'i~fl~Y'i~w,h~ 5: 1 ().:I 

8: 1 ~.:IJ'W~ffm1~ fl1'i~l.:11'W ~~n~ 'U'UVilf111'lJL~'W~ltJffUltulfl1fl' t~mh 1 ~Lflflfll1'lJ~'W
• u u 

ff'lJ\j'iW~~W'I1~iJ 2°C ~~lifl11'lJff'lJvr'Wntimilf111'lJ~'Wi~~'lJlVil 5 torr (0.66 kPa) lfltJ 
.. 

~BmL'U'U..rl~fl imh1 ~li~ l'Wl'W 3 ffL~'il ~~~'4fl'i'lJti'W ~'U';h~l~~'ilffl'Wfl1'i~fl~~.:Ifl1'i 
11. '" 1 

~~flU'U'U11liifl imJl1'WLL~"'~ffL~'illlL'l1'lJ1~ff'lJ ti~ 'I1l~fl im.Jlfft~'illll (First Stage Steam Jet 
'I y", ., .. Y .,.. Y I 

Ejector) ~~flLL'U'U b'l1'lJflll'lJfl'Wff'lJ\l'iWVI1.:1m'W~fl 5 torr f111'lJfl'Wff'lJ\j'ituVll.:1fll'W'illtJ 
>I • 

30 torr li~~'ilffl'Wfl1'i~1'\ 6.0 lh~fl imJlff&~'il1l2 (Seoond Stage Steam Jet Ejector) 

i "d QI d' jJ Q,I tI jJ I do 

~~flU'U'U 'I1'lJflll'lJfl'Wff'lJ\j':JtuVll.:1fll'W~fl 30 torr fI11'lJfl'Wff11\l'itufll'W'illtJ 200 torr 11 
>I • 

~~'ilffl'Wfl1'i~fl 6.667 tl"'~111iiflimJlffL~'illl 3 (Third Stage Steam Jet Ejector) 
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i i/.c:t tI j/	 <V tI j/ I .cdQ,I 

flfl fl UlJ lJ 'l1ll ~11ll~ lHYll\! 'jW Vll..:J ~1'U ~~ 200 torr ~11ll~ 'U ftll\! 'j WVI N~ l'U ~ 1 tlflfl flVl 

lJ'j'jtllfllfl' 812 torr ~fl\9l'jl~1'Ufl1'.i'5~ 4.0165 

3.2.1 iI11:::rn..:J~n'!~VI'lJtl,n:a.J'lJ 

3.2.1.1	 iil'U 1W'l11fll 'j::: fllfllfl'~fl~i 'U tl..:J lJ'j'j ~
 

td fl..:J ~1 flfllfll fl'~ fl~flltli 'U tl..:J t~'U fllfllfl'4'U
 

'"	 '" 
mf..:Ju,,:::' fl1l 1 1~tlflflflUlJlJ i,.rflW'l1 fliiflltl i 'U tl..:JlJ'j'j ~tl'llnlJflW'l1 fliilJ'j'j tllfllfl' 30° C ~11ll:jf'U 

II q,J q q cu

'" .	 . 
ffll~Vln 70% (~lfl\9l1'jl..:J'fllJl) n~w'l1fJii 30°C ~:::'~~11ll~'U'flflll~1 P.at = 4.246 kPa 

'" .
mlll~'U[jfltl'lJfl..:J 'fllJln~fl~i'Ufllfllfl''l11 '~~lflftllfll'j 2-34 Pv = <I>P.at @T 

Pv = 0.7 x 4.246 = 2.972 kPa 

'lJW~~mlll~'U 'j1ll'lJfl..:Jfllfllfl'i 'UlJ'j'jtllfllfl't'vllnlJ 107.325 kPa ~ :::,f'U~11ll~'Utifltl'lJfl..:Jfllfllfl' 
~ lIJ~ 

U'l1..:J 'l111~~lflftllfll'j 2-33 P =P + ~ a 

Pa =101.325 - 25.972 =98.353 kPa 

j/	 j/ , r 

~..:Ju'U ll1"'lJfl..:J fllfllfl'U,.r..:JU"::: ll1"'lJfl..:J'fllJ Inmii 'U tl..:J t1~ ftUVI n ~ U11J1\9l 'j tl'lln'U 
OJ 

[m. ~ ;; ,m, =;;) 1""~ 
.	 '" 

fll~..:J n 'lJ fl..:J fllfllfl'U,.r..:Ju,,~'fllJ 1 R = 0.287 kJ / kg - K u,,~ Rv = 0.461 kJ / kg - Ka 

m = 98.353 x 0.42 = 0.48 kg 
a 0.287 X 303 

m = 2.972 X 0.42 = 0.0089 kg 
v 0.461 X 303 

'" .	 '" 
3.2.1.2	 iil'U1W'l11fll'j~'lJfl..:J'fllJln'j~!'l1tlflflfl~lflNd'lJfl..:JtJ1 

.	 '" .
'" ~ '" tUfl..:J ~ lf1 mlll~'U flltl i 'U tl..:JlJ 'j'j ~tJ 1 ~:::~fl"~"..:Jlll~'Ufl'j~VI..:J~..:J~11ll~'U• .. '" <V 0 ~ QI.ei ~ 

u,,~mlll~'U~~~fl"~\9l1"..:Jt'jfltl.,~'Um~m~..:J~W'l1fJll 2°C 
~ 0 '" "" '" "" 'lJ flfll'l1 'U ~'lJfl..:J fll'j flflflHlJlJ 1l~..:J'U 

'" 
ll1"'lJfl..:JtJl ,	 m = 60 kg 

CIo tI~" : 
~W'l1fJllftll\!'jWt'jll\9l'U'lJfl..:J'Ul T

amb 
= 303 K 

flW'l1fliift1l11'jw~mlll~'U'fl~ll~1'l1iflflW'l1fliiL~lJi'mJl, T = 275 K 
q cu qJ	 q cu sat 

"0 : 
~11ll'jfl'U~ltvn~'IJfl..:J'U1,	 C = 4.18 kJ/kg-K

p 
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-mep (Tamb Tsat ) 

m = v L 

60 x 4.18 x (303 - 275) 
m = v 2429.8 

= 2.89 kg . '" 
fflJlJ~l ..rl'H'llh..l fll'H'lfl tlW '11 fliJ'tItI.:l'i~lllltltlflllllll 1~Vi 30 '\...I1Vi ~.:lU'\...lm'i~'t'lN~l'\...1 flfI'tItI.:l. . ~ 

'" 
~ 

eJ1fllffVitltlmntlt1.:l11n~ ~~1111~~.:li1 

~ 0.48 x 60 __ 0.96 kg / hrm'i ~'tItI'I eJ1 fllffll'lN = --­
30
 

m'i~'UtI.:l1mi'1 = (0.0089 + 2.89)x 60 = 5.8 kg / hr 
30 

lllPlldtl'l~ltl,rtllJrl~l,rl'\...I fll'i tltIflllllll'l11ii fI 1 tlSl fil't1t1.:lfll'itltlflllllll~~l'\...11~~lmtJ 
~ ~ 

I )/ I • 

Vi 2.9 1~'\...Im11flU.:ltlqll ~.:lU'\...I~'1Ji'tI'IltJ~fl'\...l'H'l11fl lf1flVi 1 kg = 25.2046 Ibm m'i~ 
~ d. lIJ ~., d '" 

't11.:lfll'\...1f1f1't'ltltlflllllll 1111'flfl.:l'\...l 
~ 

~ 

m'i~'tItI~eJ1fllffll'H.:l = 0.96 x 2.2046 = 2.1164 pph 

'" m'i~'tItI~1mJl = 5.8 X 2.2046 = 12.786 pph 

3.2.2 flT'HIBmIUU'llYllrl-iiYl'B~l 
'" . 

, '\...I fll'i tI tltlllllll'll'fI'I11iiflU'\...I ~~fll'\...11W 'H lrh1'\...I fll'itltlml1111Virl~ ffl\Pl ~ lllPlrl ~ ffl\Pl ~ ~ ~ 
'" .

fll'\...11Wl11m'i~tllfllffll..r.:l'Vll~~1'\...1~fI ,fll'\...11Wl11tJ1lJ1w1mJ1ViJi'tI'Ifll'i ,fll'\...11Wl11't1'\...11f1lPll.:l '1 
'" '" '" 

'tItI'I'I11ii fI 1 tI'l11 llrl~fll'\...1 1W111't1'\...11f111rl~tltlllW~1tJ7N'tItI'I'I11iifl1 tI'l11\PlllJih~1l~'1i1 
'" . 

3.2.2.1 fll'itltlflllllll'l11iifl 1t1'l11ffl\Pl~ (Stage) Vi 1 
'" . 

1) fl1'\...1 lWl11'i m'i~eJ1fllffll..r.:l't11.:l~l'\...1~fI'tItI'I'I11iifl1 tI'l11ffl\Pl~ (Stage) Vi 1 
oJ '" '" '" 
9f.:lihJ l'HUtl'tltl.:lllJl"'tl"''tItI~eJ1fllffll..r.:ll'Vhtill 29 ll",~Ull1Utl'tltl.:lllJl"'tl"''tItI.:l 1t1u11'yhtill . 
18 ~l'\...1fil Entrainment Ratio Curve ~lmtJ 2.6 ffl'H711eJ1fllffll..r.:l =1.0 ll"'~~lmtJVi 2.7 

'" 
~ ~ 

tltIflll1111,..rfJW'HlJiJm(Jl'\...lt1.:l11'i'i~UllvilnllfJW'HlJiJeJ1fllff 30° C(86°F) ffl'H711eJ1fllff =1.0 
'" '" .

11",~1t1Ul = 1.0 ~.:lU'\...I m'i~eJ1fllffll..r'l'tleJ.:l ffl\Pl~ (Stage)Vi 1 

2.1164 12.786 
= +--­

lOx 1.0 0.8 x 1.0 
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_ 

= 18.099 pph = 8.209 kg / hr 

1m 

" .
~.:jtJ'\.H)~tlulJlJi,f.fl1'i~'tI~'Hnfllfl'u,f.:j'Yll.:j~l'U~~ff!\Pl~ (Stage)li 1 l'l'hfilJ 8 kg / hr 'H1~ 

18pph 
" . .J 0 0 

2) fll'U 1W'H1tJ1mW'tI~.:j 1~UllilPi'~.:jfll'i C)f.:j fll'H 'U ~ ff.fll1~ fll'i'Yll.:jl'U 'tI~.:j 

" 9J lrJY'·OQl 

'UltllJmfllfl'U'H.:j ~~ !~fI1 Ra = 1.4 lbstearn /lbdry air 
.1 ';',YIt): y.,;..,,J ., 0' () It)Y

~ltl~u 2-10 !1J~ 'If W'Ul!l'H.:j~1J\Pl1'YlmllJ~'UfflJ\!'iW 5175.439 torr 6.9 bar ~~!~ M pi 

o OJ QI.c::l lrJ ': .d i Y.c::l 0 d
UCl~ M pi! po =1.0 ffl'H1lJ'H1Q~ !~'Ulff!\Pl~ (Stage) 'Yl 1 ~~tlUlJlJ 'HlJff.fl11~fll'i'Yll.:jl'U!1I'U 

"" It) Y ., .," • I~ It) 0" "".Y 
UlJlJlff(W'i (Stable Operation) ~~!~ UCl~ M p3-0 = 1.0 ~.:j'U'U u'i1J1W !~'Ul'Yl\Pl~.:jfll'iM stab 

'H1 1~'lltlfflJfll'i 2-19 

R=1.4 x 18 x 1.0 x 1.0 x 1.0 x 1.0 

R= 25.2 lbstearn / hr 

R= 11.43 kg / hr 

" " . ".
~.:jtJ'U~~tlUlJlJi,fflmlfll'i1 'HCl'tl~.:j 1m.hYiIPi'~.:jfll'iffl'HflJ':h~~ 1~Ulff!\Pl ~ (Stage) li 1 !'vhfilJ 

12 kg / hr 
o , ., "" It) " .J. 1 Y Y ,

3) fI1'U1W'H1't1'Ul~\Pll.:j 1 'tI~.:j'H1Q~ !~Ul C)f.:ju'i~tl~lJ~1t1't1'Ul~!ff'Uf-ll'U 

~ QI.c::l 9J , Y QI 

fj'UtltlCll.:jfl~f1~~'H1Q~ 'tI~\Pl~~1'U~~!lCl~f1~f1~~\Pl1m~'l1t1~ltlfflJfll'i 2-21 , 2-23 

9J 0 .c::lQl~ 
'tI~fll'H'U~'tI~.:jfll'i~~tlUlJlJ 1J~.:j'U 

., 0'91 

f1111J~'UfflJ\!'iW~1'U~~ , Po = 5 torr 
QI ~3J r 

mllJ~'UfflJ\!'iW~l'U~lt1 , ~ = 30 torr 
" ,

1~Ul!l,f.:jfllJ~1f1111J~'UfflJ\!'iW , P; = 6.9 bar 
QI lrJ -C:\ 9J.dy 
~\Pl'ilfll'i !'HCl!'lf\l1J1Cl'tl~.:jmfllff!l'H.:j'Yl~1'U~~, m = 8 kg / hr 

" . s 

fl\Pl'ilfll'i1'HCl!:j$.:j1J1Clitlq\Pl'tl~.:j1~Ulli~1'U'I11~~ , m 
p 

=12 kg / hr 
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md =12+(0.8x8) 

=18.4 kg / hr 

D =1.477(12)°.5 
I (6.9t.48 

=2.024 mm 

cv~ 'j) r rI Qld tQl 

"'I'U'Um)OllUUltY'U~l'UrY'Utlmn:l'IJfl'lflflflfl"111'il "1'VllOU 2 mm.. 
iI ," '" lIJiI

'IJ'U 1"ltY'U~1'UrY'UtlOCll'lflflflfl"'lJfl'l1Pl1m~1I1tl 'Hl1"1I10tYlJf1l':i 2-22.. 

D = 33.942[18.4]°·5 
d 30 

=26.581 mm 

., 
~'I'l!'U flflf1l1UU1Mlff''Ur·h'Uf'l''U 60Cll'lflflflfl"~1m~1I1tJlvi1nU 27 mm.. 

iI I .. ii' iI lIJiI 
'IJ'U1"ltY'Um'UrY'UtlOCll'l'IJflI9W"1'U"" 'Hl1"1I10tYlJf1l':i 2-23.. .. 

0.5 

D s =60.342
[ 
% 

] 

=76.327 mm 

., 
QI QI ~ iJ 'j}, " 'j) I 'j} I QI GI 'j/ev 0' 
"'I'U'UflflOllUU 111'IJ'U1"m'U~1'UrY'UtlOCll'l'IJfllPlfl"1'U""1'YI10U 76.2 mm (l'lfOU11"1 3 inch).. .. ., .., 

4) f11'U1ru'Hl'IJ'U1"1l"~"mIW~~ui1'l'IJfl'l111ii,, 'mJ1tYl1Pl1l (Stage) li 1 ~'Iij 
Qld.d ~it rjl .Jt 'jJ QleI' ell" 

l11'il" C}f 'IIU'U llUU ~l 'IJ 111" ~lJ1'U fl flO l~fl ~1.;llJ ':i1lJ'IJ fl'lf1':i1t1111'il" tY1'U 'YI~1 'lJl11"~1J1'U flflO'IJ fl'l 
., 

111ii" 1I~tY1lJlHIf11'U1W'Hl'IJ'U1"1l"~':iUi1'l'IJfl'l111ii"'~~'Iij.. 
'jIo Q,ld dQl~ 

'IJ fl f1l11 'U"'IJ fl'l f1l':i flflf1l1UU 111'il" lJ" 'I 'U 

d I 'jJ 

1.;llJ':i1lJ'lJfl'lm1tl'Yl~1'IJ1 , () =20 fl'lrYl 

1.;llJ':i1lJ'lJfl'lO':i1tl~1J1'UflflO, () =12 fl'lrY1 

iI '" d

f111lJtl11'Y11'l1'IJ1111'il" , 1=20 mm 
QI 0' 1I1:,d, Qld 

fId1lJ"'UtYlJ\!':iW'lJfl'l IfllJ1'YIflflO1l10111'il" , P = 5 torre 
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>I • 

ml~~\HnJ\!':iW'Ufl~1m.'hfil,rl111~~, P; = 5175.439 torr (6.9 bar) 
i!' rI QI .do 

Iff'UH1'U~'UtlnCll~flflflfl~'Vi1u~ , D I = 2 mm 
>I •

\1)0 iI.QQI 

!fl'Ulll'1Hfl~~1 , k =1.3 

f11':i 1'Vi Cl'\lm1mfl~flflml1n111~ ~1~'Ull'IJUml~I~1l'Vi i1mfftl~ Irlfl~'U ~1~'U-w~ni'U nm111~~'U 
jJ 'JI , " I 

'\Ifl~'\Ifl~ 1'Vi Cl~~ir'U V~':ilri1'UVl'U fiflflflfl~~flVl'U fi'YI1~flfln'\lfl~111~ ~m 1~ 'i11nff~f11':i 2-13 

=0.00035 

~ =[0.00035]°·5
Ae 

=0.0188 

o ... I ..r "" '" A 1
f11'Vi'U~fl~':ilff1'U'W'U'YI 'U'YI1~'YIq~{J _e = =52.92 

AI 0.0188 
'JJ I rI d Qlld \11~ 

'\I'Ul~lff'UH1'U~'UtlnCll~'YI'Y11~flfln'\lfl~'Vi1u~m !~'i11nff~f11':i 2-14 

De =7.274 x 2 

= 14.548 mm 

>I 

~~ir'U flflnlluu',rrH'U~1'Uf'l'U6nCll~'YI1~flfln111~~lvhnu 15 mm.. 
fl11~tI11'\1fl~m1t1111~~ri1'U~'tI1'Uflfln m 1~'i11nff~f11':i 2-15 

15-2 
1= (12) =61.84 mm 

2tan ­
2 

>I • 

~~ir'Uflflnlluu,,rfl11~tI11'lJfl~m1t1111~~ri1'UfiU1'Uflflf1l'thnu 62 mm 

'\I'Ul~I-H'U~1'U~'U6nCll~~'YI1~I,rl111~~ m 1~'i11nf11':i'l.h~~nlP1ff~f11':i 2-14 



lUlU 1~ ~ Z9·0~ =
 

LZ + (~)lrnl x ~£1 x Z = (£ t-rtunLl~)
 UGG rtL11lA,t-LlWrmUrtLM rt~ 1
01	 •0 f7pi" 

lUlU ~£1 =LZ x ~ =	 ~L~~tUt~t-G~tL~~Lt~ ~ 

lUlU 18 = LZ x£ = ~LI1~Wt~~G~GlRW~Lt~ ~ 

lUlU L9 ~ ZC99 = 

LZ +( ~ZI )lrnl x 681 x Z = (x t-rtUm~) L~lt-LlA,lA,t-LlW~rtUrtLMrt~l I 0" F' pi" 

lUlU 681 = LZ xL=	 ~~Mt-Ur.t-Gn.tW~Lt~ 
I 

rt rtt-~ 

" 
~~ 

lUlU LZ I1~L!A,l 1 ~ l1~l~LttGL ~~tltl1£UL~~L~~Wt~t-Gn.~l3~G~t-LlWVrtUrtL~rt~m[!l 
."	 . 

~LI1~Wt~~G~G~t-LlW~rtUrtLMrt~lt-Gn.LlA,l ~ = ~U1~Wt~tW~Lt~ I'D	 I 1'1) p." 
L.Yt-G 01= () (z lA,t-rtum~) UGGrtLll.lA,~tWt-Gn.~tt~ft F'	 F I0 

rtt-~~ ~L ~ ~wt~ rt I1nuGG t LUt-G n.~ rtULUGn. 5='1'D1=I' I'D	 0 (5 

Ib	 " ~LI1~Wt~~G~G~t-LlW~rt.YrtLMrt~lt-Gn.LlA,l£= ~L~~W~t~t-Gn.~G~G~tW~Lt~ 
I'D p I t'6 I	 I'D 

rtt-~~ ~L~~Wt~~G~G~l1rtnUGGtLUt-Gn.~rtULUGn. 
5=" I't> 1=1' 11)	 0" 

Ib " ~LI1~Wt~~G~G~t-LlW~rt.YrtLMrt~lt-Gn.LlA,lL= ~~Mt-Ur.t-Gn.tW~Lt~ 
ID p I t'6 I• 

L.Yt-G '\7 =() (I t-rum~) ~tW~L~rtt-Gn.~tt~ft 

L.Yt-G ZI=() ( x t-rtum~) Ln.jt-LlA,lA,~tWt-G~~tt~ft 0
F 1" 

rtt-~~ ~~Mt-ur.rtl1nUGGtLUt-Gn.~rt ULUG~ 
1=1' I'tl 1=1'I	 0 t'6 

" ~LI1~W 

t~t-Gn.UGG~~nL~lt-LlA,t-L~U~rtUrtLMrt~llUutL~L~~LI1~tUt~~G~G~t-L~U~rtUrtLMrt~lt-Gn.~GlA,l ~ iii 1"1Ii	 ~ I' 'iii 

111 ~Gt-~~n~~ut-lA,~~l ~L~~Wt~tL~~Lw~mmL~~Wt~~G~G~~~MtLUt-tsr. ~t~I1GU~trrt-sw 
b.	 ~ I'D ID I " I'" f' 

fb AI bI'b 

rtt~~~~nt-Gn.tW~Lt~~mmLI1~Wt~~G~G~t-L~U~rt.Yt1.LMI1~l UGGrtLI1~~mn.l~~tWt-Gn.~~t 
II	 ID pi" (6:' t'6 

Ib IbIb 

1111t-~ lA,t-~lA, rtM.~~11 ~G ~G~ mt1tl1 UGGt1.L11~~mn. j~ 1111n rtrmLtrt!, ~ml'W~~t-SWtl1l1t1 

" 
~~ 

F Ff5=P 'cr	 ". IJ) 1'D1=I'f'F' I 

lUlU 6 I1~L!Al~ ~tltLQ>lt-LlA,~t-L~UVrt.Yt1.L~I1~l~ bI1l1nuGGI1.ttt-~ 
.	" 

lUlU ~0·6 = 

Z+(OZZ)lrnlXOZXZ= 'a 

O~ 
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.. . 
3.2.2.2 flTHH)fH!lJlJ111~~'1fl'l.hNI\9H)(Stage) Vi 2 

o ~~ ""'''1: d ok
1) fI1'U1Wmfl1'i:i:fllfllfl'!l'H'I~l'U~~'tIfl,nn'Q~ Ifl'Ulffl~'iJ (Stage) VI 2 G)f'l.. . .. 

~flfl'l.!flnJ l~tJ\9lHnmn\9l'iJ (Stage) Vi 1 f1'1,:r'UfJW'HtJijVll'1flflfl~'1I~'UfJW'HtJij'tlfl'lHff:lJ'i:i:'H'h~ 
"I: ~ok"'lI~C1I 0' "" C1I 
Ifl'U 1!lCl:i: fllfllfl'! 1'H '1G)f'l tI fl11IlJ'U fll'll'fflJ\!'i WfJW 'H tJ lJ'tI fl'l fll'll'HfflJ ..
'JIo d,Q,ld. 

'tIflfll'H'U~'tIfl'lfll'iflflfHllJlJ lJ~'1'U 

., "I "" "I : d. kg
fl\9l'ilfll'i I'HCll'll''1lJ1Cl'tlfl'llfl'Ulffl\9l'iJ (Stage) VII, m = 12 -h­p 

Tp =164 + 273 =437K 
.. , 

'j) 0 \1)0 'jJ.e::t.QI kJ 
fI11:lJ'ifl'U'iJl!'Vll:i:'lJfl'l Ifl'Ul!l'H'IfllJ\9l1 , C =25--­pp kg-K 

m =S_kg 
S h 

Ts =30 + 273 =303 K 

kJ
Cps =1.007-­

kg-K 
~ ~ d 'jJ Q,ld d
 

fJW'HtJlJ'tIfl'lfll'll'f-lfflJVlVll'1I'tl1'H1'Q~ffl\9l'iJ (Stage) VI 2
 

T = (12 x 2.5 x 437)+ (S x 1.007 x 303) 
m (12x2.5)+(Sx1.007) 

=409 K =136
0

C 

2.1164 25.2 
= +---­

0.952 x 1.0 O.S x 0.935 

= 35.91 pph = 16.29 kg/ hr .. . 
f1'1,:r'UflflfH!lJlJi..rfl1'i:i:'tIfl'lfllfllfl'l!..r'lVll'1~l'U~~ffl\9l'iJ (Stage) Vi 2 I'vhnlJ 16 kg / hr 'H1fl 

36 pph 

2) tll'U1wmtlimw'1 fl'Ii'l~~fl'lfll'i ~'1tll'H 'U ~fffl11:i: fll'iYil'11'U'tIfl'l111~ ~ .. , 

'1fl'111i..riitl11lJf1'U~1'U~~ 30 torr ~ltJflflflVifl11lJf1'U 200 torr 'iJlfl1t1 2.9 'iJ:i:'1~ 
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, t" • r 

R 
• 

= 2.5 lbsleam/lbdry,a;r 2.10 tileJIf'l'eJUll1M'~fl:IJ~1Vifl11:IJ~'U~:IJ\!'HU 
II 

5175.439 torr(6.9 bar) ~~1~ M p; 11"~ Mpi/po =1.0 rl1'l1i''lnr1ii~1'eJU1~tfl~ (Stage) 

.d 'I jld 0 ~ d • Ii) jI

'VI 1 'eJ'eJflU'lJ'lJ m:IJ~m1~f11'.i'VI1~1'Ut1J'U11'lJ'lJt~mJ'.i (Stable Operation) ~~ ~~ 11"~M Stab 

~~ ~ \I) :dy lI)Y
M p3-0 = 1.0 ~~'U'U t1'.i:IJ1tu ~'eJ'U1'VIflmf11'.i 'H1 ~~~lfl~:lJf11'.i 2-19 

• 
R = 2.5 x 36 x 1.0 x 1.0 x 1.0 x 1.0 

= 90 pph = 40.82 kg / hr 

jI jI I jI 1 

~~t!'U'eJ'eJmt'lJ'lJ1M'tlfl'.i1f11'.i1 'H"'lJ'eJ~ 1'eJU1Vi~'eJ~f11'.irl1'Hi''lJlr1ii~ 1'eJU1~tfl~ (Stage) Vi 2 t'vhti'lJ 

41 kg / hr 
II • 

3) tl1'U1tu'H1'lJ'U1~~1~"1'lJ'eJ~'I11ii~ (Stage) 21m.J1~tfl~ Vi 

Po =30 torr 
Q.O rlj}, 

f111:IJ~'U~:IJ\!'.iW~1'U~ltJ, ~ = 200 torr 
II • 

1'eJU1UM'~fl:IJ~1f111:IJ~'U~:IJ\!'.itU , P; =6.9 bar 

tlfl'.i1f11'.i1'H"t~~:JJ1"'lJ'eJ~mf11ffuM'~~~1'U~~ , ms = 16 kg / hr 
II • 

tlfl'.i1f11'.i1'H"t~~:JJ1,,1flqfl'lJ'eJ~ 1'eJU1Vi~1'U'I11ii~ , mp =41 kg / hr 

tlfl '.i1f11'.i1'H"t~~:JJ1"~'VIn 
.d " •

'lJ'eJ~H~:IJ'VI~l'U~ltJ , 

md = 41 + (0.8 x 16) = 53.8 kg / hr 
'j/ I rI Qld lilY 

'lJ'U1~t~'UH1'UtJ'UtJfl"1~f1'eJfI'eJ~'lJ'eJ~'H1'il~ 'H1 ~~~lfl~:JJf11'.i 2-21 

=3.742 mm 

~~t!'U'eJ'eJflU'lJ'lJ1M'tff''U ~1'Uff'U~fl"1~f1'eJfI'eJ~'I11ii ~ t'Vhti'lJ 3.5 mm 
'U
 

jI I ~ I li)jI
 

'lJ'U1~t~'UH1'Uff'UtJfl"1~f1'eJfI'eJ~fl'eJm~~ltJ'H1 ~~~lfl~:lJf11'.i 2-22 
'U 

II 
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D = 33.942[53.8]°·5 
d 200 

=17.6 mm 

" ~.:I,r'\.H)tJf1l1uui ..r'\l'\.Jl~I~'\.J~1'\.Jf'1'\.J6mnUH)f1tJ~l'1dm~'illm'Vhnu 18 mm 
" 

!JI I " !JI I !JI 1t)!JI
'\I'\.Jl~lff'\.J~l'\.Jf'1'\.JtJf1Cll.:1'\1tJ\9ltJ~l'\.J~~ WI 1~'illf1ffllf111 2-23 

" " 

= 44.067 mm 

Q,I~ 9J 91. " j}1j} ,g"j}, do
~.:I'\.J'\.J tJtJf1lIUU h'i'\l'\.Jl~lff'\.J ~l'\.Jt1'\.JtJf1Cll.:1'\1tJ\9ltJ~l'\.J ~~I'VIlf1U~l'\.J 'illtJ'\ItJ.:Iffl\9l'il (Stage) 'VI 1 

l'vhnu 51 mm 
" ." 

4) fll'\.JdW'Yi1'\1'\.Jl~l1Cl~~mIW~1'!J11.:1'\1tJ.:Il1d~~im.Jlffl\9l'il (Stage) .yj 2 ~.:Iij 

e=20 tJ.:If'11 

e=12 V.:If'11 

f1dl11tJ1d'VI1.:11,y111d~~ 1=20 mm 
" .

f1dl11~'\.Jffll\!1W'Uv.:Iim.Jl.yjVVf1'illf1l1d~~ , ~ =30 torr 
" .

ml11~'\.Jffll\!1W'lJv.:Iim.Jl.yjl.ull1d~~ , P; =5175.439 torr 
9J IV qr" 

lff'\.J~l'\.Jt1'\.JtJf1Cl1.:1f1VflV~l'idl1~ , D t =3.5 mm 
" . 

im.J1Vlll'1d , k =1.3 
o 1 Qlod. d. dOl d, QI d 

f111f11'\.JdW'Yi1'\1'\.Jl~\9l1.:1 '1 'lJV.:Il'idl1~ffl\Pl'il (Stage) 'VI 2 f1m~'VIWlf'\.Jl~tJdf1Uffl\9l'il (Stage) 'VI 
I 'JI I 'JI I 

IjjmJ\9l1 Tffd'\.JTI'\.J .yjflVflV~\9iVTI'\.J.yj'VI1.:1VVf1'\1V.:Il1d~~ 'Yi1 i¢l'illffllf111 2-13 

2 - ~l1.3+1 1.3_11At 2 1.3 + 1 1.3-1 30 1.3 30 1.3[AJ ~[I.3-J-2-] [5175.439] 1-(5175.439) 
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=0.0049 

= 0.07 

o 'I !jI "" , ':";'1 '" A 1 9
fl1'11'U~ t'l1eJI9l11LY1'U'V'l'U'YI t'W'YIN'YI~r~{) _e =-- =14.2 

At 0.07 
9J' rI d Q,I.c:! lr)9J 

'U'Ul~LLY'UH1'Uff'Utlmn'l'YI'YI1'1eJeJfl'l11~~ '111 t~'OlflLY1Jfl11 2-14.. 

De =[AeJO.S = (14.29t s =3.78 
Dt At 

De = 3.78 X 3.5 = 13.23 mm 

~'1J'UeJeJflUlJlJl11\~'U~·h'Uf1''U6ml1'1~'YINeJeJmrli!~rvhi1lJ 13 mm 
'" 

f1111Jtll1'UeJ'Imlt1l11i!~I9lH~h'U~1J1'UeJeJfl 'I111~'OlflLY1Jfl11 2-15 

1= 13-3.5 

2tan(l;) 

=13.23 mm 

>I • 

~'1U'U eJeJfltLlJlJ111'f1111Jtll1'UeJ'Imlt1l11i!~I9lH~h'U iii1J1'U eJeJflt'vhi1lJ 45 mm 
!jI' .. .,; !jI "" '" It) !jI tI .. 

'U'Ul~tLY'UH1'U~'Utlfl"1'1'Y1'Y11'1L'Ul'111~~ '111 t~'Olflfl11 1~~flI9lLY1Jfl11 2.10 

=10.55 mm 

>I • 

~'1U'UeJeJfltLlJlJl11't~'U~h'U~'U6ml1'1iii'YI1'1t,r1l11i!~tvhi1lJ 11 mm 
9Jo I .d.c:sQ.l~ 

'IJ eJfl1'11 'U ~'U eJ'Ifl11 eJeJfl UlJlJ 'Il'1'1 HLY1J'UeJ'It1'U '01 1J ~'1 'U.. 
t:d 9J 0 , 

1;j1J111J'UeJ'Imlt1'Y1'Y11'1t'IJ1 (19l1U'I1'U'I X ) () = 12 eJ'Iffl 
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llml11'Utl.:j1J,mJmlt1 (~l11'l1tl.:j 1) e=4 tl.:jff1• 
I 1 'j} I 0' QI 

fll111tl11'Utl.:j'lfl.:jNCYll =7 1'YI1'UmlCY'UN1'Uff'UtlflCl1.:jfltlfltl~lPllm~'il1t1.. 

. . 
llml11'Utl.:jmlt1l11J1'Utltlfl (~lll'l1tl.:jVi 2) e=10 tl.:jff1• 

Q,I ,rjJ I 0' Q,I 

m111tl11IPllm~'il1t1 = 5 1'YI1'Utl.:jlCY'UN1'Utl'UtlflCl1.:jfltlfltl~lPllm~'il1t1 . " . 
lijtll~'U~1'Uff'U6flCl1.:jfltlfltl~'Utl.:jlPllm~'il1t1d1'11i\J'I11{i~ 1mhCYlIPl'il Vi 2 I'vhti1.J 18 mm.. 

fll111tl11'Utl.:j'lh'lNCYll = 7 x 18 = 126 mm 

1~'U~1'Utl'U6flCl1'l~'YI1'l1,r1 (~l11'l1tl.:j X) = 2 x 126 x tanC;J+ 18 

= 44.49 ~ 44 mm 

fll111tl11fltlfltl~~lm~'il1t1 = 3 x 18 = 54 mm 

m111tl11'Utl.:jlPllm~'il1t1 =5x 18 =90 mm 

1~'U~1'Utl'U6flCl1'l~1J1'Utltlfl (~lll'l1tl.:j 3) = 2 x 90 x tan( 1~ J+ 18 

=33.74~34 mm 
" . 

3.2.3.2 fll~tltlflll1.J1.J'I11{i~1tlihCYlIPl'il (Stage) Vi 3 
" . 

1) f11'U1W'I11fl1~~tllfllffll,.r.:j'YI1.:j~1'U~~'Utl.:j'l11{i~ 1mhCYlIPl'il (Stage) Vi 3 

~.:jlPitltl'4mll l~t1IPlHtimld{i~ 1mi'lCYlIPl'il (Stage) ~ 2 

" . 
VIPl~lfll~1'11ClI~'l1l1Cl'Utl.:j1tlihCYlIPl'il (Stage) Vi 2, m p =41 kg/ hr 

" 
f.JW'I1fJiJCYll\!~w'Utl.:j1mJ1 , Tp = 164+ 273 = 437 K 

9J 0 lI) : 31.d Q,I 

fll1mtl'U'il11~1~'Utl.:jItl'U111'l1.:jtllllPll , Cp =25 kJ / kg . K 

VIPl ~lfll~ 1 'I1ClI~.:jlllCl'Utl.:jtllfllffll,.r.:j~~l'U~~ , ms =16 kg/ hr 
~ ~ ~ 

f.JW '11 fJllCYll\l~W 'Utl.:jtllfllffll '11'1 , T = 409 Ks 

~ 0 ~ 

m1mtl'U'il11~1~'Utl.:jtllfllffll'l1.:j , Cps =1.010 kJ/kg'K . 
~ r:'J .cd. rjJ Q,I .c::S 

f.JW'I1 fJ ll'U tl.:j fll'lfNCYll'YI 'YI1.:j1'U I'll 1~ ~ CYlIPl 'iI (Stage) Vi 3 
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T = --'-..(4_1_x---,.2._5x_4_3~7);-+----;(;-16_x_1_.0_10"",x_4_09---,-) 
m (41x2.5)+(16x1.01O) 

= 433.18K =160 0 C 

2.1164 90 
= +---­

0.942 x 1.0 0.8 x 0.92 

=124.52 pph =56 kg / hr 

>I • .,., 1" IQI 491" .c::t
~~\nHH)flH'lJ'lJ 'I1fl1'j~'UtJ~mfllfl'll'lH'Yll~f11'U~f1'ffI~\1 (Stage) 'Yl 3 l'Yllfl'lJ 56 kg / hr 'I1'jtJ 

124.52 pph 

0 

>I 1!iI" .,!iI 
. 

'1 tJ'U ltJtJnH'lJ'lJ mJfll1'1JfI'U f11'UfIfI 200 torr ~ltJtJtJnfiml'1J,r'U 813 torr \I1flltJ 2.9.. 

R a = 2. 0 lb steam / lb dry air 

I " I I I 

H(;1~'j]lnlU 2.10 lijtJ1~"lm11HM~V'1J~Tnml'1J,r'Ub~tJlti'lJ'ff'1Jfll'jfi1 H(;1~ 2 'j]~"l~ M pi bm~ 
>I. • 

M pi! po = 1.0 ffl'11i''lJ'Hl~f1 "ltJihmml (Stage) fi 3 tJtJnbb'lJ'lJ1M~ltJtJtJflfifll1'1J,r'U'lJ'j'jtJ1fllfl' 
• 'JI I " I 'JI 

hwfi "lmJ lfi tJtJn\l~~tJ~tJ~'Yl~ti'lJmfllfl'fl1tJ'UtJfl ,r~t!'UI.wtJ 1Mfllnh~l'U'UtJ~'ffI~ 'j] (Stage) iHi 
d, 4 QI d .Ci 0 1!i1 

ml'1JI'fftltJ'jl'l1'UtJfl'lJ'fft~\1 (Stage) 'Yl 1 1l(;1~ 2 \I~fll'l1'U~ '11 = 1.15 bb(;1~M p3-0 = 1.10M stab 
>I >I • 

,r~t!'U tJj'1J1W '1 tJihfi~ tJ~fll'j'l11 "l1l'ff'1Jfll'j 2.16 

R=2.0x124.52x1.0x1.0x1.15x1.10 

= 315.035 pph=142.89kg/hr 
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'JI " I "1 

~,nr'Utltltll!lJlJi,rtl~':iltl1':i'lHl'IJtl'l 'tltJ1Vi~tl'ltl1':i'tYl'Hi'lJ'I11ii~ 'mhff!~'il (Stage) Vi 3 l'vhti'lJ 

143 kg/ hr 
" . 

3) fil'Ultum'IJ'U1~~1'l"'lJtl'l'l11ii~'tltJTff!~'il(Stage) Vi 3 

Po =200 torr 
QJ G''1J I 

fll1lJ~'UfflJ\!':itu~1'U'illV , ~ =813 torr 
" .

'tltJ1U,r'lfllJ~lmllJ~'UfflJ\!':iW , P; =6.9 bar 

tl~':iltl1':i''H''!~'1lJl'''lJtl'ltl1tl1fYU,r'l~~l'U~~, ms =56 kg / hr 
" .

tlmltl1':i''H''!~'1lJl"if1q~'lJtl'l'tltJ1ViHl'U'I11ii~ , mp =143 kg / hr 

tl~':iltl1':i''H''!~'1lJlmr'Vln'IJtl'lHfflJ~~l'U~lV, md =143 + (0.8 x 56) 

=187.8 kg/ hr 

(143)°·5 
D t = 1.477 (6.9)0.48 = 6.9 mm 

" ~'1U'Utltlf1UlJlJi,r!'~'UH1'Ui:1''U6f1m'lfltlfltl~'I11ii~ l'vhti'lJ 7 mm 

D = 33.942[187.8]°.5 = 16.31 mm 
d 813 

" ~'1u'U tltltllllJlJ i,r'IJ'U 1~!~'U Hl'U i:1''U 6f1"1'lfltlfltl~~lm::'illtJ!'vhtilJ 16 mm 
~. <I ~,~ ,~ 

'IJ'Ul~!ff'UH1'Ui:1''UVf1''1'l'IJtl~tl~1'U~~ m ~'illf1fflJtl1':i 2-23 

56 ]0.5
D =60.342 - =31.92 mms [ 200 

" 

~'1J'Utltlf1UlJlJ i,r'IJ 'Ul~!~'U Hl'Ui:1''U6f1''1'l,j'tl~tl~1'U~~!'VhtilJ~1'U~ltJ'lJtl'lff!~'il (Stage) ~ 2 

!'VhtilJ 34 mm 
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• 

.. . .. 
4) i'11tJ1Wm'\JtJl~IlC'l::;~mIW::;~,j71~'\JV':1'I11~~1ml1m\PI 1) (Stage) Vi 3 1l~ij 

.. 
<j) 0 QJ'd. .d.Qld. 

'\JVtll'l1 tJ ~'\JV~tll'jVVfHl1J1J'I11~~ lJ~~tJ 

() =20 V~ffl 

() = 12 tJ~ffl 

~ '" ..
f111lJtJ11'V11~I'\Jl'111~~ , I = 20 mm ... 
f111lJ1ltJC'I'lJ1J'jw'Uv~1ml1VivtJfl1)1t1Ml~~ , p = 200 torr 

~ e 

f111lJ1ltJC'I'lJ\j':iw'UtJ~1tJJ1~I""lMl~~ , P; = 5175.439 torr 
Y r fI QI.d. 

IC'l'tJ~ltJtItJtJtlC'll~f1tJflV~'I11~~, D =7 mmt .. . 
1ml1fllJ1l1 , k = 1.3 

o I QI.d. .ci dOI.d. Q,I .d. 
tll'jfl1tJlwm'\JtJ1~\PI1~"'\J'D~'I11'i1~m\PI1) (Stage) 'VI 3 t1m::;'VIll'lftJl~tJlt11JC'I'l\PI1) (Stage) 'VI 1 

,r t' I ~ 1 

llC'l::; Vi 2 lijmj\PI'jlriltJV1tJVifltJflv~~tJV1tJVi'Vl1~tJVt1'\JtJ~Ml~~ m 1~1)lC'1'lJtll'j 2-13 

~]2 =[_2-I[~]:::~:[ ]1~3[1_( )\~;1]200 200[ Ae 1.3-1_ 2 5175.439 5175.439 

= 0.068 

= 0.262 

De = [Ae]0.5 = (3.812)0.5 = 3.812 
Dt At 

De = 1.952 x 7 = 13.66 mm 

.. . 
1l~,rtJV'Dt1l11J1J 1,r1'~tJ~ltJfftJ6t1m~Yi'VI1~'DtJflMl~~lyhn1J 14 mm 

'U 
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0
Di =2x 20 x tan(22 ) + 7 =14.05 mm
 

., .
 
~-:lil\HH)tllt'U'Ui ..rl'ff'U~l'ufl''U6mn:lVi'Vl1-:l1.,r1111~ " l'vh n'U 14 mm 

'U . ., 
910 I ej,ej,Qlej, 

'\I fltll 'H 'U"'\I fl-:l tll'Hlfltlll'U'U Gjj'1-:l Hffll'\l mn'U ~'i 1l,,-:l'U 

1;!ll'i11l'\lfl-:lm1t1~'Vl1-:l1.,r1 (~llt'Htl-:l x) () =12 fl-:lfl'l 

1lll'i11l'\lfl-:lthmJm1t1 (~llt'Htl-:l 1) () =4 fl-:lfl'l• 
, 1 y, tI QI 

fI 1111 t111'\1fl-:lGjj'1-:l Hffll =7 1'Vl1'\1fl-:llff'UH1'U~'UtltlCl1-:lflflflfl"1PI1m~~1t1 

, . 
4 0 I.od, 

1;!1l'i11l'\lfl-:lm1t1'Vl'U1'Uflfltl (1PI1lt'H'U-:l'Vl 2) () = 10 fl-:lfl'l 

QI I 91 I tI QI 

fId111 tI111P1 1m~~1t1 = 5 1'Vl1'\1fl-:llff'U H1'U fl''U t1tlCl1-:lflflflfl"1PI1m~~1t1 
, 

'U ., . 
lijfllff'U~1'Ufl''U6tlCl1-:lflflflfl'''\Ifl-:l~lm~mtlff1'Hi''U111~'' iflil1ffllPl~ Vi 3 I'vhn'U 15 mm 

'U 

f1111ltl11'\1fl-:l'li1-:lHffll = 7 x 16 = 112 mm 

91 I .d 0 I (12)tI 91
Iff'UH1'U~'UtltlCl1~'Vl'Vl1-:l1'\l1 (1PI1lt'H'U-:l X) =2 x 112 x tan 2 + 16 

=39.543 ~ 40 mm 

f1111ltl11f1flflfl"1P11m~mtl == 3 x 16 =48 mm 

f1111ltl11'\1fl-:l1P11m~~1t1 =5 x 16 =80 mm 

Iff'U~1'U~'U6tlCl1~~'U1'Uflfltl (~l11'Htl-:l 3) =2 x 80 x tanC;) + 16 

= 29.998 ~ 30 mm 
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Le 

I I 
I 

Li 

Ds 

mt------- De; DI ,--_,­ -­ --Dd,------­ - -­ DE 

Ie 

. ~ 

3tJn 3.5 1l""~~1'l111'H'I1~'\J~'ni1tn.h~mJ'U'\J~,nr1~~ '~ih 
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Steam Jet Injector Section Dimension 

SymbolStage 1 Stage 2 Stage 3 

1. Nozzle Section 

DtThroat Diameter (mm) 2 3.5 7 

Convergent Cone Diameter (mm) 9 11 14 Di 

Divergent Cone Diameter (mm) 15 13 14 De 

Convergent Cone Length (mm) 20 20 20 Ii 

Divergent Cone Length (mm) 62 45 33 Le 

2. Venturi Section 

DdThroat Diameter (mm) 27 18 16 

Convergent Cone Diameter (mm) 67 44 40 D, 

Divergent Cone Diameter (mm) 51 34 30 DE 

Throat Length (mm) 81 54 48 Ld 

Mixing Section Length (mm) 189 126 112 Li 

Diffuser Section Length (mm) 135 90 80 Le 

D s 

3. Suction Connector 

Diameter (mm) 76.2 51 34 

4. Steam Requirement (kg/h) Total 

Theoretical 12 41 143 196 
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4 V 14 
3.3 nl'mUlfn181::aJUlftlUJ18UVlUJa2J8 

3.3.1 flTttUVltU111:: 

" tJ~1J1WU1'Hl.rUI1{J'U 40 UfHHHl'U I 'Ulfi (GPM) 
~: 9J Y 

flW'Hfl1J'Ull'l.ll'Hm:::'lJl{Jfnl1J'HI'U, 95 of· .. 
flW'HfliJUlflflfl'i.llfl'Hfl':i::'lJl{Jfl111l~fl'U, 86 OF· .. 

" 

flW'HfliJm::ltJl:::lil{Jfl'l.lfl~fl1f11fffll{J'Uflfl, 82.4 of· .. 
1 "3.3.2 nl1't11ftlI1U\l t:-.T 

'" 0" 31 "'.1 ~It:-.T = flW'Hfl1l'Ull'l.ll - flW'Hfl1Jm~lul~lu{Jfl'l.lfl~fllf11ff 
'l cu q cu 

= 95-86 = 9 of 

3.3.3 nl1't1uilH8tIT'Vt1'lf 

" 
UfltJtv'l':i'l1 = tlW'HfliJUlfltJfl - flW'HfliJm:::ltJl~lil{Jfl'l.ltJ~fllf11ff 

q cu q cu 

= 86-82.4 = 3.6 of 

3.3.4 nl1't111't1't'1V1'U8-3't181::'lJU.lft112Ji'8U 

= tJ~1J1WJl'H1J'Ui1{J'U x t:-.T x 500 (fhf1~~) 
• 15,000 Btu / hr / tons 

= 20 x 9 x 500 = 6 tons
 
15,000
. 

1 • .1 "v 1 "" V '" 3.3.5 nl1't11ftlHnftIVl81Hflftl'f1H'fI\l1-3 (Correction Factor) 

3.3.5.1 1Jlfl'l11{'VI':itJ~ fl.l fill':i'U~ = 9 of '11m~'U'tJl'i~ti'lJI~'UtJW'HfliJm~ltJl~ .. . .. 
iil{Jfl'l.lfl~fllf11ff = 82.4 of 'i.llfl'i.l~I'i~'11m~'U~~'1~1l11'i~ti'lJI~'Umwl'l.ltJ~lmtJl'V'l':i'l1~3.6 of• 

... 1 ,J 9! lIJ ... ICV QI 9! lid "1 I 111" 
1Jlfl~~Cfl~ 'H1J'U'1 1mff'Ul!'U l'Ufl'U !UCfl~fl'lJlff'UI':i'U'i.l'YI 9 OF l!'11fl1'UfIl Correction Factor !~ 

Xl =1.23 

31 "'0" 31 '" 31 131 " 3.3.5.2 f:I1fJW'H1J1l'Ull'l.lllfl'U 98.6 OF 'i.l:::Cflfl~ 'l1 Correction Factor x2 'i.llfl'l11':i'YI 

~tJ~ fl. 1 

Q,I .d. y C\ 

Cfl'U'YIU'YI1JH = 20 x 1.23 

= 24.6 tons 
4 v 

3.3.7 nl11't'18flH'lJ'lJ'U8-3't181::'I.J1fJft112J18U 

1Jlfl'l11{'YI~ fl.2 ':itJ~ 2 '11m~'U'i.llfltJ~1J1Wf11':i''H'1'l.1fl~Jl GPM 'tJl'i~ti'lJ'l.I'Ul~.. 

l'1tJflU'lJ'lJ TSC-40 
4 
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, cr oQ.cI .ct 
3.4 fll1BBflU'U'U'flBiUJ &~fJl1ifll111!tnJ~'fll'U 

'" I 

450 
.--­

I-­

450 
.---­

f--

111\l1Vfl~
450
~V 

f-­

I-­

'--­

450 

C 

f-­

"---­

450 

B 

f-­

'-­

450 

A 

AHU 

_Id d I 

'iu'fl 3.6 llff~~m~ffln91m'jijijnll1Jtl'YIij(lll .... 

d 
9l1'n~'YI 3.1 

.a. d .d I )I 

2) mijnf1111lt'j1(1ll\l1n911'i1~'YI 2.3 'l'UViih;m.h~1il'\.H~ijn 1~ 1300 '/pm u(l~'Vimwn 

l~ijn 1~ 850'/pm 
• >J 

3) 111f1111l~tytiYf.lmllltiYf.l~'YI1'U'lJij~'Vim.h~1i1'U A 'il1n 'l'UViu1~ 0.12 inj100 ft U(l~ 
1IJ ~ ~. " I

&~lff'UH1fJ'Uf.lnm~'YIijn(lllffll\!(I 19 in (48.3 em) 

4) l11tffw.h'UfJ'U6nm~'Viijn(lllffll\!(I'lJij~'Viij'Uti~ G"] 1 1J ~~~I9i~'j~ld1~1J11l1W (l1l'l 'U'Viij 
>J 

'Viij'UU'UU(I~f1111l~t).}liYf.lm11lfi'U 0.12inw /100 ft 

5) Ultff'U ~1'Ufl''U 6n(ll~'Viijn(lllffllll(l'lJij~'Vimt~(I~'Viij'U 1 1Jt1J~f.l'U'l MtrJ'U'Vim11~f.lll i~f.ll '* .. .. 
'JJ l.d ,1 lV I I d,Cllll'JJo Q,I.c::.- ~ I 'l '" 

m11lm1~1'U 'lJ ij~ 'YI ijIM (If.l1l 'il ~'lJ'U mJ'j~f.l~6)j'ij~ 11~'YI1l 11ff111 'j1J91~91~ 'j~1J1J'YI ij(lll 'U 9l1mm'j 
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~1t1fl1~ 

1J~1l1wmJ 

efm 

Q 

ml11I~"HnJ 

fpm 

... 
ml11lfftlfl'YI1'W 

in.w. 
- ­
100ft 

Y I 

Iff'WH1'W 

"fl''W tIfl"1'I.. 
(in) 

I 

'\J'W lfl'YItJ 

.,j .,j 

ffl 'H "till 

(in) 

20X15 

I 

'\J'Wlfl'YItJ 

.,j .,j 

ffl'H" till 

(em) 

50.8X38.l 
I 

'YItJ"ll A 2700 1300 0.12 19 

I 

'YItJ"ll B 1800 1200 0.12 17 17X15 43.2X38.1 

I 

'YItJ"ll C 900 1000 0.12 15 10X15 25.4X38.l 

I 

'YItJ"ll D 450 850 0.12 10 6X15 15.2X38.1 

....!'l ' 3.5 fll~'t'ilfll11J\TtyunJItI'YIf) .. 
illl'\J'Wlfl 1 m'l 0.75 kW ihi'~~lfl1~i'H" = 20 GPM 

1 .: 
'\J'W lflvltJ1~'\J'W 1~ = 1- 'W 1
 

2
 
I OJ " 

~11lf'lll11tl11'YItJ'YI'I'H1l~ = 158.9 ft 

ltl~ 'In{ 'YIf'11111 fftlll fftll~ tJ'I '\llflf'l 1111lfftl~'YI1'W ffl'H f 'IJ fl1~ i'H "'\JtJ 'IJli 'W v1tJl'H~ flfl~ 1 
.. u 

~.d~ Y 1.:QlQI ,
lIJfl'YIlff'W GPM = 20 ~flfl'IJlff'W'\J'Wl~'YItJ D = 1- 'Wl
 

2
 
liJY Q

'il~ !flf'lll11l~l V = 3ft 
liJY ... ... 

'il~ !flml11 fftlltffVf'lll11lfftl~'YI1'W = (3 ftl IOO ft).. u 

o d' Y I d' 
m'W lW'H If'1 1111tll1ffll1J~w '\JtJ'I'\JtJ~tJll"~ll"l'illfl~l~l'I 

liJ Y .,j I 1 .: 
'il~!fl GLOBE VALE OPEN 'YI'Y1tJ = 1- 'Wl = 43x2 = 86 ft 

2 

= 4.3 iJ~l'Wl'W 15 l'il 

= 4.3x15 = 64.5 ft 
dC\ ;j ~ 

~11lml11tll1'YIlfl~'\J'W'YI'I'H1l~ = 158.9 + 86 + 64.5 = 309.4 ft 
QI " "lY QI",d,~1 I C\ d, i I Q

1'W~1~~~'W'W 'il~ !fl LOSS 'YI'1'Hll~'YIllJ~m'\llfllIH'W1Jllfl1~~fl!lffti 'W'YItll'H"fl =32.48ft· w 
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~ ~ ~ I ~ 
\ill':iH'fI 3.3 llfffl~ml1J~q.jlfffJ !'W'i~1JUVlfl'illfl Cooling Tower m Condenser 

'ilfJfll'i D,in GPM V,fpfJ E.L,f 

t 

. 
'ill'W1'W 

I 

ll~Hl~ 

'ilfJfll'i 

ml1JfJl1'i11J 

(fl) 

ml1J 

"" ff\lll fffJ 
OJ " 

"" ml1JlfffJfl 

VIl'W [OOfi 

hi 
,ft·w 

I 

'VIfl I.!. 
2 

40 6.3 - - 158.9 3 

32.48 
Globe valve 43 2 86 

iI 
'lfl ~fl1Jl\Pl'i! 1'W 4.3 15 64.5 

'" 
lI1J'l'Wlfl 2 llH 1.4 kw ih)~'ilfll'ihl'fl = 40 GPM 

1 .1 
'l'Wlflvl fl , ~'l 'W lfl = 1-'W1
 

2
 
" 

'i11Jfl111J fJ11vl fll1'~'Vi 1Jfl = 37.95 ft 

= (10.5 ft /100 ft) 
• 0' iI I 0' 

f11'W 1W'Vi lfl111J fJ11ff1J\!'i W'I tN'lfl~flll'fl~11'fl1'illfl~l'il~ 

"Iii .d. 1.1 
'il~!fl GLOBE VALE OPEN 'VI'V1fl = 1- 'W1 = 43x 1 = 43 ft 

2 

= 4.3 iJ~1'W1'W 11 ~1 

= 4.3xll = 47.3ft 
d eo J ~ 

'i11Jfl111JfJl1'V1lflfl'l'W'VI~'Vi1Jfl = 37.95 + 43 + 47.3 = 128.25 ft 
aI 
" lJli' Q.I 

"..c:1'='1 e. .c:1 G) d "I I 

1'W'il~~~'W'W'il~!fl LOSS 'Vl~'Vi1Jfl'VIIUflfll'illfllIH'l.uJ1Jfll'i~tylfftl!'W'VIfll'Yi'flflfl'fll = 13.46ft.w 
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') 1t1fl1,) D,in GPM V,fps E.L,ft 

0 

'il1'U1'U 

I 

U\PICl~ 

')1 tlfl1,) 

f11111tJ11 

')111 fl 

f11111 

"" 'fft1J l'ff tI.. .. 
"" f11111I'fftlfl 

'VI1'U l~n;ft 

hj, 

fl·W 

I 

'VIti 1 
1­

2 
40 63 - - 37.95 10.5 

13.46 
Globe valve 43 1 43 

~ 

'UtI-:.ltl 4.3 11 47.3 

11l\P1')j1'U 

• w0.... cI_l.I it _Of
3.6	 tl11'111tlUl.:J-:.l1'U'YIu8'\.U'U1u'-J 

w • 
_Of ~ it • .ell

3.6.1 u'-J'YII'ti.:J1'U'il1tl CoolIng iN Condenser 

'il1fl'ffllfl1') (2-41) 

(gpm)y hf 
whp = 3960 

wh = (20 gpm )(1)(32.48 fl) = 0.17 h 
'P 3960 'P 

'il1fl'ffllfl1') (2-42) 

= whp (100) 
TJ P bhp 

bhp = 0.17 hp = 0.21 hp 
0.8 

t:'l • " I t:'l 

, 'U 'VI1-:.ltli1,j~f11'j i ~t111fiij'U'U 1fl i\PIWlTU l~m~tI-:.lti'U 1~i ,rtllli'1J i l1Clflll1mn'U1tli 'U 
I " '" 

fiiA~-:.lliitlfltlll'U'U1fl 1hp 
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w • .. 
_.. ~V "" ... .elI 

3.6.2 ullfl ~'If-:.ll'IHl1flil-:.lUlmUtH AHU 

'illfHnJfll~ (2-41) 

(gpm)y hI 
whp = 3960 

wh = (40gpm)(1)(13.46ji) = 0.14 h 
~ 3960 ~ 

.. . 
thJVi~t1~fll~ihh~~V1nmYl 80% 

'illfHnJfll~ (2-42) 

= whp (100) 
TJ p bhp 

bhp = 0.14hp = 0.18 hp 
0.8 

o , ~ J 
3.7 fll1fllU1W't'ilflUlfl&\ileJ1 (Heater) 

iifll~f1l'U1W'H'I'~'illmY1Jfll~ 

= (120
kg 

. hr JX4.18~X30K 
hr 3600s kg.K 

= 4.18 kW 

A.k ( )= - II -12L 

7r (19.05)2] x 51.9 x (473 - 443)
[ 4 1000 

==-----=-------­
1.4 
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= 0.316 W 

= 4180+0.316 W 

= 4180.3 W 

. 
<!I • 

t1Jtlfll Safety Factor tltlfHt'U'U Heater 20 % 

Qnel = 4180.3 x 1.20 = 5016 W 

~ ~ 

1,500 W 1 t'ff'WU€1~ 2,000 W 3 t'ff'W 

J 
3.8 fll166flU'U'Ufl6UAYlUAClf61 

3.8.1 fi1't'iUYli;ffln~ 

'" '" fl111Jfl'W'Vl Boiler =1451blin 2
 

tltltlu'U'U1Ml~'VitJ =3.28 ft
 
'JI 'JI , I 

il111irmJtl~'mJ1fiml''W1P11 = 440.92 lb I hr 
I <I", ~ I <I <I11~ 

'If'VltlflltJ 'Wfltl'Wtfl'WtClftl'i1J'\J'W1flt'ff'W~1'W~'WtJtl€11~fIltJ'Wtltl = 3 I 4 in t'Utl'i 18 . . 
111tl1l1'i1~fi 2.7 fh11'Wfl~lfl~fi'\Jtl~'Vitl = 0.188 

Q : I Q i d'dll) Y 0 ~ 
m11J t'i1'\Jtl ~'W 111 €1tlW'W fIltJ 'Wfl tlhltflhltClftl'i'Vl lfl111 tltll'i fll'W1W '\J tl~ U1J =6ftls 

~W 11 tJ iJ '\J tl~J111 rim~'W ~,~ 111 tltll'if11'W 1W11 tl'i ~'U1 tJm11J~tl'W = 86 of 

t11 'W fl tl 'W tfl 'W tC1ftl fu'U 'U ml''U t~ tJ1 

I "I Y ~ cI 
111fll t 111lfl111tltll'itl'Wtlltl'if.]t'i1l 111tl1l1'i1~ '\J.ls 

= (145 -134.54X360 - 350) + 350 
(152.93 -134.54) 

t = 355.6 of s 

= (355.6 - 350X332.25 - 321.80) + 321.80 
(360-350) 
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hw = 327.7 Btu /lb 

= (355.6-350XI195.23-1193.1O) +1193.10 
(360-350) 

hs =1194.3 Btu /lb 

I iI iI iI 

mtJ11J1tutl111J~m.jri1~t11rllmY1i..ruri'lh~u'l= 1194.3 - 327.7 = 866.6 Btu /lb 

G V 
-=-­
A KLN 

G 6 
=----­

A 0.188x3.28x1 

= 9.73 

G w 
A 500A 

w 
- = 9.73x500 
A 

= 4865 

670x 1.08 x 0.7 = 506.52 Btu / hr· ft 2. 
o F 

ts - 1;
T 

2 =ts 
- (AUJ

anti In ---;­

= 355.6 _ 355.6 - 86 

. I (506.52JantI n -­
4865 

T2 =112.7 of 
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" l11tl~1l1willl1~mg'U 

ws(hs -hJ 
ww= ~f-tJ 

_ (440.92lbl hrX866.6 Btullb) 

- (112.7 -86) 

" " ~·nr'U'~tl~1l1Willl1~tllg'U = 14311lbl hr l1~tl 28.63 gal Imin 

lllPl 
I G = 9.73 

A 

A=£ 
9.73 

28.63 
= 

9.73 

" ".
~,nr'U'~vt'Ulimh,i~ = 2.94 ft2 

12 x 2.94 
=~----

(0.751l" x 3.28) 

• I ",,,!II,! 0' 
'ill'U1'U'VItl'VI &'If ~'Ufltl'UI~'UIC)ftl~ 

'JJ I I I 'J/ I 

'N1l~~';hvt'Ulim~1~~ri1'Ulil~'Uvitl lijtHtl~tJ'lJllitJ'lJfl'lJvt'Ulim~l~~'\Jtl.:lfltl'UI~'UICJftl{ = 23% 

5x0.44 
= 

0.23 

= 9.56 ft2 
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" 
3.9	 fll 'ift l1ntlUU1~ tl tl flU1.J 1.Jii'~lh 

" .., 0 

3.9.1 'UU1V10~1.J'i'i'irUl 

3.9.1.1 1'11'W1W'I11'IJ'Wlfl'IJfl.:Jti.:J 

. " 
ti.:JVil,*i'Wnl'J'U'J'J''iJUlflflnu'U'UiM'n'IJ'Wlfl 1m x 0.6m x 0.7 m = 0.42m 3 1n'l~'iJ~h1'• 

'JI 1	 J/ 'JI I 'JI 

'U'J'J'iJUlll~Vi'J~~'Ufll111~.:J 0.2 m ~~,:r'W U1Vi'iJ~fl~fl1rJi'Wti.:J,:r'W'iJ~n1J1lJ191'JI'Vhti'U. '"	 '" 
QI QI \f) j}~ t d' QI : \f) j} j} 4 

0.6 m x 1m x 0.2 m ll,,~mrJl 'WtNrJ.:J Ifl9lfl9l.:Jfl1Jmwm'Uflm~fl'U'Wl I1fllrJ flfl "n"flrJ..	 '" 
" 3.9.1.2 1'11'W1W 'I111J1m9l'Jti.:J'U'J'J~Ul 

lflrJflflf1lI'U'U1M'lrJ'Wti.:J~l11grJll
 
" "
 

1'W'Jl~~~,:r'W1J1m9l'J'lJfl.:Jti.:J'U'J'J'iJUl = 0.6 x 1x 0.7 = 0.42 m 3 

• 
" >I 

ll,,~tl1m9l'Juli'Wti.:J'U'J'J'iJt'h = 0.6 x 1x 0.2 = 1.32 m 3 

• . . 
o SI OJ _1..::1 .cI 

3.9.2 fll'ifllU1Wfl1UHflU (Stress) 'Utl~tl.:JUUg)U!~U1'Utn't'li;UJU 

'iJln~llnl'J 2-38 

a = p x (a xb) 
[2a + 2b]t 

a fifl'IJ'Wlflmlll~.:J'lJfl.:Jti.:J, (m)
 

b fifl'IJ'Wlflfl1111rJ11'IJfl.:Jti.:J, (m)
 

c fifl'IJ'Wlflfl1111n11.:J'lJfl.:Jti.:J, (m)
 

t fifl~lml11'H'Wl'IJfl.:Jti.:J, (m)
 

p fiflllH~m~.yhl'Wti.:J, (MPa)
 
o ~ 0 9J dt::l Q j} d Q,I d d .a j} j} 

nl'Jfl1'W lW 'W 'iJ ~rJnnl'Jfll'W 1 wm 'W 1~fll'W'VIllfl1111 ll'IJ.:J II'J.:J'W flrJ'VI~fl'IJfl.:J m 'J 1J~I11" rJll H'W Hlm1'H. '" 

a = p x (a x b) 
[2a+2b]t 

_ 200 MN / m 2 (0.7 x 1) m 2 

- [2(0.7)+ 2(1)] x 0.0003 m 

a=125 MN/m 2 
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3.9.3	 m1't11fi1frJ1'IJtJtlt)~.flrJ
 

'il1mUJfl1'j 2-39
 

Nu-
- U u 

U 

U":::"UJfl1'j 2-40 

_ u y
N y -

U 

<j} ~ QI ~ 

f1dllJ~1'W'YI1'WUH~~'eJ"~tlJ~(Ultimate Tensile Strength), u u 

~ <!l 
f1dllJ~1'W'YI1'W!tH~~mlfl (Yield Stength), U y 

N = 517.125 MN 1m
2 

u 125 MN 1m 2 

=1.7 

N = 206.85 MN 1m
2 

y 125 MN 1m 2 

= 4.1 

, jI ~ QI ..c::).	 I !II 
fI1'\1'eJ~f1dllJ~1'W'YI1'WUH~~'eJ"~tlJ~ (Ultimate Tensile Strength), U u tm:::fI1'\1'eJ~mllJ~1'W'YI1'W 

<!l	 ::"t "J ~ ... a .. d 
UH~~mlfl (Yield Stength), U y hJ~~ 1~'iI1flfl1f1H'Wdfl ('\I) '\I'eJ~'H'W~"l"eJflml1~~'j'\l'eJ~U'\I~ 

(Mechanics of Solids) '\I'eJ~ Hfl'. lJn'illJ 'eJ'j'lf'j 
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1.JfIfI"" 4 

..;. 1I)!lIei "" "i!ll !lI "i .1 !lI ..;. 'I !lI 
!lJtl ~f1fff)lJ1'Vl\rl:ltltltlfH!iJiJ ~ fl'J 'H"'J1.:JUCl~'N·n~ 1m'1'11'U 'IJ'U lllllCl1 l'V'ltl l'YI'Nl111'Jfl'Vl'J1iJ 

eI 0 "i ' .::'1 11) • I .ci eI... 11) leI!lI "" 
mf11'J'Vll'll'U'lJtl'l 1m'I 'I 1'U11!lJ'U ~ lJ~llJ'Vltltlf)UiJiJ UCl~fff)lJ1lJ1'11'Jtl IlJ'il'l~tl'llJf11'J'Vlfl'NtliJ 

1fl'J 'I 'I 1'U1f1~~'U~tl'U f11'J'VlflCltl'l'il~~tl'l'Ntlflfl~tl'ltiiJ~ l~tltlf)u iJiJ1 ~ 

.. 
4.1 .u'l.!g)tl'l.!flTnilYl~~1.J1.Ju1mmnf'l 

a .;, 11).1 !lI 11) : .1 QI 

4.1.1 m1'il!'lffl'Nfll'Vl'Vl1 ~ lJ'lJtl'l'l1lJ tl ~tl'U1UCl~'J~iJiJlJ'JiJmf11ff 

4.1.2 V11f11'J !~'U 'I1iftl1 oJ11,rl~~tu'l11JijuCl~m1lJ~'U~~tl'lf11'J1,*'11'U1'U'J~iJiJlli'iJmf11ff 

4.1.3 llfl11rl'1ff!~~1~'Vll'l~fI'IJtl'li1~fI 

4.1.4 V11f11'J!t1f1 g~!~tl{ (Heater) 1l'J~lJ1tu 10 'U1Vi 

" " !lI QI QI 

4.1.5 1l"tl~lm.J1'IJtl'l'l1iftllm.J1'IJ'U1f1 80 kg / hr UCl~'IJ'U1f1 120 kg / hr !'lJ1m'Vlf) 

(Header) 

4.1.6 ~'J1f1~m1lJ~'UUCl~~W'l11Jij~tl'l~f)(Header) 11ii'l1~tl l:lJ 

4.1.7 V11f11'Jllrltl~loJ1tltlf) lf1~f11'J!llfl11rl'1'J~iJ1~tldiJ~ nw ~1'U "l'1'IJtl'ltl'l~f) !~tlllrltl~ 
" .

'I1~f1U1Vitld1'Utl'l~f)VVf) 
I " I " 

4.1.8 !l1vllrltl~U1Vitl'l~f)tlVf)'I1lJfl1,rV11f11'Jllrlv~lVU1!,j'li1~f1 
. " 

~1f)Cl1.:JVi mjiJ'U tl.:J~f) lvu1 
'U . " 

4.1.9 !l1vllrltl~1VU1!,j'li1~f11l'J~lllW 5 'U1Vi u~11,r!llfl11rl'1ff!~~1~'J '1'l1V'l'Vl1'1~fI'IJV'l 

" 4.1.10 1,r~'1!f1~m1lJl'l'U'lJtl'l'l1ifV1VU1'IJ'U1f1 80 kg / hr 

" m1lJ~'U'lJv.:JlvU1'il~ClflCl'l 
!lI QI 'I !lI~ .. .ci !lI !lI 

4.1.11 mm1lJfI'U ClflCl-1 l'YI !lJfl11Cl1'VllJlJG}f1~f11'U• 
I QI 

Cl1'1'IJV'Ifl.:J 

" " ~f)"iJ'lJV'I lVU1Cl'ltl'lU1 

" " ", , 
4.1.12 !l1vm1lJ~'U'lJtl-1'11ifVltlU1'IJ'U1f1 80 kg / hr !'VilJ~'U'I1"'1'il1fH~lJU1U~11'l1~f111rl'1 

.c::I.c::I d.. Y j/ I ~ 0" 
'N!'IJ~1'Vl ~lJG}f1~f11'U Cll.:J'lJV.:J fI '1'U1 

o oC:l, o'd.c:::l Y Y I QI:~ "" I QI " 4.1.13 'Vllf11'J!llfl-t1f111Cl1'Nl'IJ~1~lJG}f1~f11'U 7 'U1'Vl~vm.:JCl1'1'IJtl.:Jm'U1!lJ'U 'J~~~1l'J~lJ1tu 

" " 
fli''1Cl~1l'J::lJ1W 2 'U 1Vi~ClV~f11'JV11m1lJ!~'U'lJV.:Ju 11'Utl.:J 
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.c:l QI d 

\JIl"lH'fI 4.1 llff~~~H;'lfll'i'Vl~H'lfl~l11l1~'\.I'U1~ D = 5.3mm 

1Jlflm1m1'U~~ 5mm.. 

flWl1 fiij,j'l i 'Uti~. .. 
(oc) 

11m 

('Ulvi) 

... y 
mllJ~'U~l'U~~.. 

(gage) 

mm.Hg 

30 0 736.60 

29 5 716.28 

28 12 713.74 

27 20 711.20 

26 25 718.82 

25 30 723.90 

24 40 744.22 

23 65 749.30 

~y I... Y I 

flW l1filJ~l'U ~ltlmllJ~'U~l'U~ltl ..• 
(oc)(gage) 

kg/em 2 

8.5 189 

1878.5 

1888.3 

1868.3 

8.3 186 

8.0 190 

8.8 192 

8.6 195 

\JIl"lH~ 4.2 llff~~N"fll'i'Vl~"fl~i1ii~'\.I'U1~ D = 5.3mm 1J"ltli1ii~~'U1,j'1'1Ji'U 

1Jlflm1m1'U~~ 5.5mm.. 

flWl1fiijJl i'Uti~. .. 
(oc) 

11m 

('Ulii) 

... y 
mllJ~'U~l'U~~.. 

(gage) 

mm.Hg 

32 0 736.60 

31 50 736.60 

30 65 736.60 

29 90 736.60 

28 107 736.60 

... Y I 

mllJ~'U~l'U~ltl 

(gage) 

kg/em 2 

8.5 

8.5 

8.5 

8.5 

8.5 

~y I 

tJWl11JlJ~l'U ~ltl 

(oc) 

195 

195 

195 

195 

195 
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I 

V111H~ 4.3 llff~~H~fl1'j'Y1~~'fJ~'I1dQ~"I'Ul~ D = 5.3mm tJ~lfJ'I1dQ~g'Ul,j'l'tJ''U 

tJlflfl'jdfJn'U~~ 6 mm 

'fJW'H.flihfl''Ut1~. .. 
(oc) 

11~1 

(1.J1vi) 

'" 31
mllJ~'U~l'U~~.. 

(gage) 

mm.Hg 

30 0 711.20 

29 15 711.20 

28 30 736.60 

27 60 736.60 

26 100 736.60 

25 155 736.60 

24 210 736.60 

23 240 736.60 

'" 31 I 

mllJ~'U~l'U~lfJ 

(gage) 

kg/em 2 

8.5 

8.5 

8.5 

8.5 

8.3 

8.5 

8.5 

8.3 

",,31 
'fJW'H.fllJ~l'U~lfJ. .. 

(oc) 

178 

178 

183 

195 

197 

198 

198 

200 

... 
V111H'fI 4.4 D = 5.3mm 

tJlflfl'jdfJn'U~~ 7 mm 

'fJW'HIJijJl''Ut1~ 

(oc) 
11~1 

('U1Vi) 

'" 31
mllJ~'U~l'U~~.. 

(gage) 

mm.Hg 

29 0 736.60 

28 5 736.60 

27 20 736.60 

26 40 736.60 

25 55 736.60 

24 100 736.60 

23 140 736.60 

'" 31 I 

mllJ~'U~l'U~lfJ 

(gage) 

kg/em 2 

9.0 

8.9 

9.0 

9.0 

8.9 

9.2 

9.3 

""31 I 

'fJW'H.fllJ~l'U~lfJ. .. 
(oc) 

179 

180 

180 

182 

182 

190 

185 
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I 

~11H~ 4.5 !lfffl.:.l~1:Im'J'VIfl1:lfl,n11~fl'IJ'U1fl D = 5.3mm ,j1:l1t1111~flg'UI,j'11,jl'U 

,j1f1m1tJl1'U~~ 10 mm 

flWl1flihf11'Ut:1.:.l. " 
(oc) 

11m 

(UlVi) 

'" 91fI11lJfl'Ufl1'U flfl 
" 

(gage) 

mm.Hg 

'" 91 I

fI11lJfl'Ufl1'U'I1tJ 

(gage) 

kg/em 2 

24 0 711.20 8.5 

23 2 711.20 8.5 

22 20 736.60 9.0 

21 35 736.60 9.2 

"'91 
flWl1 fllJfl1'U \I1tJ• " 

(oc) 

175 

176 

190 

194 

VI11H~ 4.6 !lfffl"J~1:Im'J'VIfl1:lfl.:.l111~fl'IJ'U1fl D = 5.3 mm ,jmtJ111~flg'Ul,j'1 1,jl'U 

,j1f1m1tJl1'U\I~ 15mm 
" 

'" 
flWl1fliJU1i'U. " 

'" fN 

(oc) 

111:11 

(UlVi) 

'" 91fI11lJfl'Ufl1'Uflfl 
" 

(gage) 

mm.Hg 

'" 91 
, 

fI11lJfl'U fl1 'U \I1tJ 

(gage) 

kg/em 2 

8.5 

"'91 I 

flWl1 fllJfl1'U'I1tJ . " 
(oc) 

18732 0 756.92 

31 2 756.92 8.5 188 

30 25 749.30 8.5 189 

187 

188 

190 

29 58 741.68 8.3 

28 63 754.38 8.3 

27 90 754.38 8.5 
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80 

60 

.... 
(t; 40 
~ 

20 

0 

0 10 20 30 40 

..
fJ f.U 11 iJ1J 

1tJ~ 4.1 fl'nrhrt1~~H"f11'n'l~"eJ,n1dii~'\J'hIl~ D = 5.3 mm tJ"lrJ,rdii~n'hll.,j'litJi'hl 

tJlflmdrJn'lHI~ 5mm.. 

120 

100 

80 
.... 
~ 60 

40 

20 

0 

27 28 29 30 31 32 33 

.. 
fJf.U11iJ1J 

1tJ~ 4.2 fl·nrhrt1~~H"f11)l'1~"eJ~,rdii~'\J'\.Jl~ D = 5.3 mm tJmrJ,rdii~n'\.Jl.,j'litJi'\.J 

tJlflmdrJn'\.J~~ 5.5mm.. 
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• 

300 

250 

200 
,.... 
<to 150 
~ 

100 

50 

0 

0 10 20 30 40 

"" fJW'H.fJiJ 

atJ~ 4.3 m1vJm"fl'l~Clfll'j'Y1flCltJ'I'I1d~ f1'\J\J 1f1 D = 5.3 mm tJmfJ'I1d~ fla\J 1"'1hJl\J 

tJ1f1mdfJn\J~~ 6 mm 

150 

100 

50 

0-+-------,------,--------.:>...---------, 

o 10 20 30 40 

atJ~ 4.4 m1vJm,.fl'l~Clfll'j'Y1f1CltJ'I'I1d~f1'\J\JWI D = 5.3mm tJmfJ'I1dQfla\Jt"'11tJl\J 

tJ1f1mdfJn\J'il~ 7 mm... 
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• 

40
 

30
 

~ 20 

10 

o+-------,----...,.-----------,--~--+------, 

20 21 22 23 24 25
 

3tJ~ 4.5 tl':il'VhlfffllJf:'Hltl1':i'Y1fl'Hl,nr"J~fl'U'Ulfl D = 5.3mm t1,mJ'H1~fl~'Ul,rl't1t'U 

til tltl':i1t1l1'U ~~ 10 mm 

100
 

80
 

60
 

r­
(G 40 
~ 

20 

0 

-20 6 27 28 29 30 31 32 33 

fJw11tJii 

3tJ~ 4.6 UffmNCltl1':i'Y1flClfllJ'I11~fl'U'Ulfl D = 5.3mm t1Cllfl'l11~fl~'Ul,rl't1t'U 

til tltl':i1flld'U ~~ 15mm 



..; 
1.J'YI'YI 5 

5.1 tTltJ~n,"lj'YI~HUH
 

'JI .1'" i 'I 'JI '" d II) : ... ~ II) 'JI'" • 
f11'HJtlfUl1J1JUJ;'I~ff'il-:l'J~1J1JlJ'i'l.Hl1f11fl' 'ltl b'll"WJU'l btI'W lJ;'l'lf'llllJ'l'W CJf-:l b'ltllfl'tI'i~1J1J'Vll 

mllJl~'W~ltlffUJUJlf11fl'lJl"'ltlW 11 fln'UmJl 1~l1lQ'l1tlJll~'W tlUfl'iWffl1111J'l'ltllf11fl'tltlf) 
qUU q cu q cu

" . . 
1Jlf)ti-:l1Jn'tJll,rffl1Jl'itlff!l-:l,,!tytylf11fl'mllJ~'WltlfllJ~l 755.40 mm.Hg (0.75 kPa) lYJtI 

vil1,rJl~tlvl'Wti-:l In'l 111 'W ltJln'lmllJl~'W~'W~tlWl1fln 2 a C ffl1111Jf11'i'Vl'lJ;'ltl-:lii'1J~tltlnlll'W.. . .. 
" " 2 "h'W fitl fll'i'Vl'lJ;'ltl-:lf11'iJ;'l'lmllJ~'W'UtI-:ll11Q'lltltJl UJ;'I~f11'i'Vl'lJ;'lmf11'iJ;'l'ltlWl1fln'UtI-:ltJl. .. 

5.1.1 fllj'YI~i;U)-3fllji;lVlFl11tl~'U'Utl-3"lilVl'tlJl'~Ni;ltTltJ~-3~ 
" . " 

i 'W fll'i'Vl 'lJ;'l tI-:I fll'i J;'I 'lmllJ~'W 'UtI-:ll1lQ 'l ltltJ ll1t1t1nll1J 1J tJ'W 1J~~ tI -:ll1lf11'i'Vl'lJ;'l tI-:I m 

~lUl1 tl-:l~Il11Jl~fflJ~~'li-:ltldflltii 'Wl1lQ'lltlJl l~tlmmllJffllJl'itll'W fll'iff!l-:l"!t1!t1!lf11fl'~~ 
. " 

l1ff'l'UtI-:ll11Q'lltltJl• 
QI.cIlII: ds ,,~ 'QI.ctd i0

5.1.1.1 11 lU'l btl'Wl'Vltltlnll1J1JllJ;'l~ff'il-:l'U'W'Vl'lJ;'ltl-:lm'lllll1 'W -:l111U 'l'Vlll1lJl~fflJ 'W fll'i 
~ ~ 1 I 

ff!l-:l,,!tytylf11fl''UtI-:ll1lQ 'l1tltJl ~1Jll~lU11 U-:ll11Q 'l ltltJlih~tldj'Wl.,j'llui'WUlf)fl'iltlld'W ~1 
I , I " 

'UtI-:lUJ;'Iltll11Q'll1ffl1Jl'itlff!l-:l,,!tyt1!lf11f1l1~l1,,!'l'UtI-:ll11Q'l ltltJl I'vhn1J 5 mm fitl~lIIl1U-:I 
" d d 'JI ~II) d.d 1.1 '''' 

~'l1Pi-:ll1lU 'l1J~lJ HJ;'I ff'i l-:l"!t1! t1!lf11fl'CJf-:l 11ilJ~ lU11 U-:I'YI UU'W tI'W U'l1J~'U 'W tI~f)1J HJ;'I fll'i'Vl'lJ;'lfl-:l m 

o • .d QI " 

'llU11 'W -:I 'Vl111 m~ fflJ f)1Jfll 'i~ 'Vll-:l'll'W'l 'l.. 
, '" d II) •" 'JI II) 'JI ""I 

5.1.1.2 HJ;'If11'i'Vl~J;'Ifl-:l~1Jlll1lU'l Itl'Wlffl1Jl'itlff'il-:lffUJUJlf11fl'
• u u 

b'l 1'W tI-:l1Jlf)flflnll1J1J 

" 1~'W ~1~'W Vf)J;'Il-:l 'II tI-:lf'I tlf'ltl 'l'U fl-:ll1lQ 'l ltltJ lii 'U'W l'loJtltlf)ll~lf11'if1l'W lW I~'i l~ llii.,j'tI ~ In'l 

d Go' .. I tli "Q,I .cI lI) -: d.r=s OJ I " ~ Q,I 

If)tllf)'U1Jl~'iilWJlJfl'iW 'Wf11'iff'il-:l111U'l Itl'Wl'VllJJ;'If)'l:lW~ U1J1J~I'Ul -1J1'Wflflf) CJf-:lflmlf11'i 

111 J;'I'U fl-:l 1tI Jlff -:I ff'l~ ~1'W fl flf'l fl'll1lQ 'l1J~~'WflVn1Jff flll~ 'Vll-:ll.,j'lflVHl~ til U~ fll'i'Vl 'lJ;'lfl-:l.. . .. 
" , 1 , " 

'Vl1-:11.,j'1l11Q'llfltJ1U,r-:lfllJIPi1l1f'11llJ~'Wlf)1J 8.5 bar (935 kPa) fJWl1tJn I80 a C f'I-:ll1 ~-:ltJ'W 
QI lI) QI~"l :.te9J rI QI.c:i ~ 0i'JIIQI'" OQl.c9 

tl~'ilf11'i Il1 J;'Iff-:lff'l'Ufl-:ll1 lU 'l Ifl'Wl1J-:I'IJ'W fltlf)1Jlff'WHlfl''Wtlf)J;'Il-:lf'l flf'lfl'll'l lU 'l11J'W fflf'lUJ 1J-:I'Vll 11 cu q CUI CU u 
" I • I 

f'llllJ~'W'U tI-:I ltltJ ll1 flflf) 1Jlf)l1lQ 'l~lJ;'l-:l'UW~l1mllJl~lff-:l1Jlf)f)11U f)~ UJ;'I~l11 i,rf'llllJl~lf11'i..
" . . 

HfflJ'Ufl-:lfl'i~Uff'UtI-:I 111 J;'I"'-:I 2 l1flflf)1Jlf)lPilm~ 1Jltlii~lff..-:llJlf) l1l i,rfll'i lU~tI'W~~-:I-:ll'W 
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.
 

• 

Q~ "'''l'JI'JI ,. '" Q"l'JI '" '" .... ,.
fI11111'i1IlJ'Ufl1111~'Ul~'U mHl'l l~tJ'iI:::"Hlfl~l'H 'U l~'iI1flfll'i1~f11111~'UllCl:::'QW11 fJllllfl1\Pl1 llCl::: 

'iI::: '~'UliYtJ'I~YlHijijfl 'il1fl~Clfll'iYl~Clij'l'l11Q ~ 'mf1V'I'Y'lir:h f11111Cl'11J1Hl 1'Ufll'iCl'r1'1 

" 1.1 '''' "l :d.'JI
Cl'tutu1fllff'tlij'l'l11Q~ 'iI::: 'lJ~'U U~ti'lJfl1111~'U 'lJ'i 'i tJ1fllff 1l\Pl 'iI:::'tI 'U UtJfl'lJ Cl'.fl11:::'tI U'I lU'U 1YlI'tl1 

q u u cu cu 

'l11Q~ti'1liJ~tJ'U' iJ'il1fl~lfll'iUUflll'lJ'lJ 'iI:::111h1'fI1111Cl'1111'itl 1'U fll'iCl'rH"!tyty1fllffliJ~tJ'U'iJ 

5.1.2 fl11f1\Pli;18-:.Jfl1·H1\Plt2W't'l.Qij,JfH~UflUfoH;"~~-:.Jd 
" 5.1.2.1 'il1fl~Clfll'iYl~ClU'Ifll'iCl~'QW11fJiJ'tIU'Ith~1tJ,,!tyty1fllff'Y'l'lJ-,hfl1111~'U .fl1tJ1'U 

I '" I 

t1'I~ijtJ ""] Cl~Cl'l 'tIW:::l1 'QW11 fJiJ'tIU'IU1'i1::: 'lJliJ~tJ'UlliJCl'l 'iI'Um:::11'1f11111~'U.fl1tJ1 'Ut1'1'lJ'i'i~ 
• r " " , , 

Cl'1111'itlCl~Cl'l'il'Ull1i1'1f11111~'U 'U~1l~1l1UW11 fliJ'tIW:::U'U 'iI:::vh1..rU111 u~.fl1tJ1 'Ut1'11711I~U~. .. .. 
'i::: l'H tJflCl1m~ 'U'U 'tIw:::~ m111~'U.fl1tJ1'U 'i::: 'lJ'lJ 'iI:::V'IfI'ICl~Cl'l U~l'1lPi ul'dij'l m:::'lJ1'Ufll'i'tlU'Ifll'i 

.''J1'' Q.l 1'" dl "":'JI:. c ~ 'i::: l'H tJ'iI:::Y11 'l1lfl~ f11111 ltJ'U 'tI 'U.fl1tJ 'U m Clf'lCl'l1J1'itl Cl~ 'QW11 fJll I'ill\Pl 'U 'tI U'I'U 1'iI1fl 32 IlJ'U 

" " 22· C ~'Iu'U 1'Ufll'i111flJ1111~'UCl'tutu1fllff'tlU'IU1'i1:::Cl'11J1'itlCl~Uw11fliJCl'l'~ 10° C 
q (,I (,I q cu 

QI QI ~ I.Q Q,:
5.1.2.2 fIJ111Cl'1l'Y'l'U1)'i:::1111'1UW11 flllllCl:::I1Cl1't1U'Ifll'i Cl~UW11 flll'U 1 

q cu q cu 

." "" I 

'QW 11 fJ iJ1711~ 'U 'tI U'IU 1 ~fll:lW:::Yl1'1 flltJ.fl1'Y'l'tlU'I U1 ~1'U 1'UU111 ~ U~.fl1tJ 1'U t1'1 

" . " 
~tyty1fl1ffllCl:::~'U l1 i-hlPi UiJ711 1\Pl 'i'tlU'IU1 

5.2 .u8IiIU8UU::: 

5.2.1 1,1U'I 'iI 1fl~,r U~ 1ti~l~ tJ1ti'lJ uiJmw~' '*'ti111 7'lJCl'r1'1'l11~ ~ll 'lJ'lJril,r1-'lJ1'U UUfl ~'I~ ~Cl.
" . . .. 

1111,rfIJ111~'U'tIU'I 'uu 1l1UUfl'il1fl'l11Q~1'11Cl'l1l1Pi~flJ1111~1Cl' 1111,riJ'i:::~Yln .fl1'Y'l'tlU'I'Ir.l~iJfl~..
" . .QI.c::l lI) o.c::l ~ .c::I .... 1 G' j/ I QI d "19' I .:::I,

111ll ~ lU'U 1Yl UUflll'lJ'lJ 'iI:::Cl ~Cl'llllfl 'iI 'IfI1'ill 'QlJ m WCl''i 1'1't1 'U 1~\Pl 1'1""] 'tI U'I111ll ~ l~ UtI1'1IYltJ'l\PlH 

d. "l'JI 
\Pl111YlUUflll'lJ'lJ n . " . 

"I 'JI "' .. "l. "I 1'J1 I _I ' "1 'JI5.2.2 I'U U'I'il1flfll'i UUflU'lJ'lJllCl:::Cl''i1'1111ll ~ lU'U 1 'iI:::IClUfl 'l1f11lJ'i:::ll1W flClH""] 'tIU'IfI1Yl ']j' 

. " 
1'Ufll'iUUflll'lJ'lJ ulPi'lJU1'i1'Vl'i1'lJ '~-,h ti'1Cl'.fl11:::'tIU'Ifll'iUUflll'lJ'lJIU~tJ'U' iJ'il1flU 'iI:::~~Cl 

" " U~l'1' 'iIPiUfl1'i Cl'rH~tyty1fl1ff 117UCl'lJ'i'itl'U:::'tI U'I'l11Q ~ , UU1 ~'IU'U f1J'i 'iI:::~fll'ifffll:l1~Cl'tlU'I 

fll'i IiJ~ tJ'U UiJCl'l~l't1 U'I~ll fIJ111 tJ11't1 u'I't'h'U1Pi1'1""] 'tIU'I'l11~ ~UCl:::11'U ~~ llCl:::~Cl'tl U'Ifll'i liJ~ tJ'U 

" 1'111111tl'l'tlU'Ifl1'i~~v1'1'l11Q ~ I~'U~'U 
Qld:d gQl j/ d14,d 1 

5.2.3 tl'llfl'lJ'U lltJ'UfIJ'i'il:::llI'Umu'lJ'lJYlHm:::'lJUfl ~1m11IPJ~ClYl111'Y'l UYl 'iI:::Yl'UUH~~flltJ 'U 

t1'1 '~1J1flfl1111'lJ'lJg'U 1,1U'I'il1flUH~~'tIij'l'l11~~~iJ'i:::~Yln fll'Y'l 1'U fl1'i~~Cl' 'I ~'IJ'Uti'11~'Ut1'1.. .. .. 
ll'lJ'lJg'U Ul'il1111..rt1'1ln~fll'i tJ'lJv11'~• 
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• 

I sJ ,	 sJ 

5.2.5 tij'el~ 'illfl,r1~~ i'elihrit'*1'W fl1'.i'YIrlCl'el~U i~tWflUtJtJ ltCl~ff!l~ 1,rij'\J'Wlrll '11 qjtfl'W 
sJ sJ,	 sJ 

1

;~.yh 1,rtJ1:lJ111Hj~'.ilfl1'.i~lfJi mh'\J'el~'I1~'el 1m]1 (Boiler) Viij'el~i~t'~fJ~~'el u~,r'W 'I11fl~'el~fl1'.i 

')1", "" "J : ""_I "" "" 1 "": "J ')I",,~ .1 ')I 1 ')I ... "" "J :
'I1'111url t'el'WllllJ'.i~ff'YITim~ 'Wfl1'.iClrl'elW'l1.flll'\J'el~'Wl trlrlfJ~'tI'W 'il~~'el~'el'elflUtJtJ 'I1'111u~ t'el'Wl 

• OJ 

" . 
ij'tl'W lrll~flCl~UCl~1'I1:lJ1~fflltitJtJ1:lJ1W im] l'Yiij'el~ m'il'il~'el'elflUtJtJ1,rijfl1nh~1'W:lJ1flfl11 

• ')I I	 1 ')I -k 
ffl~'il (Stage) UCl~m'W1Wm'.i~'YI1~~1'W~~'tI'el~U~Cl~fft~'il (Stage) 'I11'11:lJ1~ffll C)f~ffl:lJ1'.i(lClrl 

fl1111~'W i~fl~~ 
" " . 

5.2.6	 'illflfl1'.i'YI~Cl'el~'.i~tJtJtJi'tJmfl1fflttJtJl~,rl~rli 'elU1Cl~mlll~'W,r'W ij~-ItJ1~1Pi1Vi hi 
" " ffl:lJ1'.i(l'YI'.iltJ~l i~ 1~'.il~1fl'il1~~1tJ1~1Pi1,r'Wij'.ilmff ~:lJ1fl ;~.yh1,ri~ffllll'.i(lU1ll1~~IPi~ i~ 

OJ 

..." ')I 1'J/ d .. 1 ..:::)..c::!l.	 d QI I QI" 3J 
U~'W'W m'il~ 'I1fl1'.i'YIrlCl'el~ll U'.i~ff'YITimw'J ~",!~m'.i'il~1l1fl'il1rl~1~ G'J 'W'Wrl1fJ 

1 



• • 

l~lJ ~fltlVj1l1tJ. lflmih~'U~fll1tltlflH'lJ'lJ1~'lJ'lJ'rhfllnUU'U~lf.l\1tyqpfllfll~f.l,..r..rlil~'tl~1. 

1JtlJcYil9l~h1tJl~tJ 1J1111YltJ1~m'MtJ'I t11~ , 2542 

.e:t. CI.I ~ rI 0 QJ'~ QJ J 0 c:f 

lJ'i1:l'Vl 1;1'tJ11J1~tllJl GJfClff mtl~. tl1Jtl1~'lJ'lJ'I.h'lJtllfllflU~~~tJfl1Wfllflll1Jlf.l'U. 
~ • '»', '" '" 

'4tlJtlJfftl~ t11 11 'I fl1l . Afl1tl'loUfl1'Ytii''I'Il'Ulh Afl1tl'l~fl1'tliA1Am~'"~tllh tl~ '11'VlVl1Jl11lJfl'i : 
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