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Il'l'Il '\l'1I dl' \\'hlll'd IIlI ,I IlulIllwl III \ 1'.11' .IIl I Iluld h.1 'In'1l ,q I IllO III 

III 'l' 'l.IIl' lI'l' II II ".1 l'lIl11\lnlll,II I hWtl'\'l'I , 11)\ 10"tlllIl'I.1Il Il'lIl1 .11 

l'm'l' III I II' lHII.I"d 11ll' lI'l' 01 Il'l.lll\l'l I' Iwmll' .,nl,1I hrJlIl1' 

'\ ,ll'III' UIlIII IIIl' II) lltl.1Il I l'lll' I '\ .,hlll \.1 'l' \ 1ll'11 IUl'l .\fl0 rll' In II 

IHI l" bl".111 .1 1.'Ild 1IIW •• 1I I '1111.11, "1\.11 IW.IIIIl' h ' .1Il1\' l' l)nOIllI!. 1\ 
Illlll'IIII\l' ill m.1I1 1',111 III Ilw ,\-lHld 

IJI \,,,1\ III I, I I I~il .IIl I 'l' l'I.11 .1"11,111" 11'.1111/'0 11M n 

lHplll.I:l\lll III k'I'Il , 1ll.1I111t.1 11I1l" .IIld Ill.II\..\'1 ,,11.11 hl.HIIl' ,lrlll,llll 

I I' I k Il 11.11, '. dill IlWllI,II, .lI1d IIld lI'l 11.11 h 1I tid I 11 I, Ilw omp.1Il ... Il'l hn I .11 

'.1.111 lIl"I'Il 'd .1 'II\.11 .111 IW.IIIIl).! pllllllllllll1 Ill( til'l , h.\,'o 011 (, l'il ' 
~Il\l\\ll'd 'I' .lI1d Ilh' ,Illlllllltl.lh'd \\',11 ' III 1'1.1 Ill.ll l' pl'lIl'm' Wllh Ihl' 

I " PII111l1\ IW ,\,II'1ll III IIh'I iii Il' IUl'l1' I' ~Illll' 11 7.1, I.llnn h.l' 

lUI IlI,Il\' I "1\.11 Iw.1I11lg , ,It'n" IllI .1 1.11 'I' IlUmlWI 01 Il,.,llll'n r, .In I 
11llllll1l'Ill,II hlltlll"~' Ihfllll 'IHllII 11ll' .f\ .lI1d l) l'I'l'.I'l 

11ll' ll\.lI(ll, (lIP(lI.llillll 'Ill." IW.111I1).\' ,Il'rn I' l'Ik II l' 111 I l· ... I(,klll IJI, 

Hlll1ll'Ill.II.II I Il1dll,III.1I hlltlllll).\' II I' Ihl' III ul.llln' Ill: JI Ir,mkl 

l1l'dllllll I Ill' p.lll'" ll'd 11,11 p\.lll' 11k IllI ,II I ,1\ )11,1,,,, ul.1 )mt 1I1.llllln 

III I.I1IOI\ PIl',I"l'1l11 kd P,II1I'1, , ... hld, l,ln 111' IlHlUl111'O OHl' lion .1 

"nih 1.1 II\~ lunl III PIlllWI Itll , '\-llh Pl1llwI 'UpPllll Oil ,I fI.11 Illol )f 111 

,1I1\1llwl 'lIll,11 II' III .11111" Ill' ,11 11ll' 'p .IU' III Iw hl'.IIl'd 1.1 Illl I rl' 

.""l'rnbkd ,III h,II1 II III , lI1lll llll\.li"I" , ,llI lll\ll.lll .lIh .llILJ.IIl'l1 1.\11111 'I." .111 

llpllll"." d(I"ll',lll \\,lIl' I pH'lh'.llt'I ,1111.1 Il'Il1II'I.IIUIl' 11111101 p.ult'l m 

I kll" Ihl' ,,1,1111" p.1 ~ .I'I' J\ 11I1t ,Ill', .1lI tll.lI\ 1111 t'nllol1,l1 Iw.1I111 1 

.",ll'Ill.lIld Ilw 111,t.III.llllln 1.lhlll ,Ill' PIO\I k I h, ,>lhl'" 
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111 " lr.i .. Ill' I 1I11l'lllh'd tl) ,lIll\\ I t't pi ,II Imt.III.1I101l ,111(j Il'l,ltllln,hq III 

tlw 'IIIntlll',.l1I 11,lIldkl, hl',lt tOI.lgl' Ulllt, l11utlllllt'd l.tmrwl" h,l 
dl.tlt 1.1I111ll''' ,111 1 dlll11l,tll \\.lll'l oil Illl' d.ll11lwI'I u'l'd In ,01,11 IR 

, \ll' lll'> . lIl' \l'l\ IIllplllt.1l1t til tIll' "U u'",,'ul ll lWI .ltlon oj thl' " tL'rn 

Ilwll'lllIl, \1)1.111111 PI Il \ ldl' 'IW l,tI d,lmpu, With .llItlght l',)I., .. hi h ,Ill' 

dl' Il.!lh'd 101 1111l\.! Iill' ,llld tlllUhk · lll·l· 'l"\1 l· . I Ill' PUIPO'l' 01 lun tlon 

III l'.ll h d.lllllWI " Il· ... lI r!'l' d Iwlll\\ 

1 ( 

I ( 

[I ) 

1,)1111 '/l' d d,lItli'11 (IO'l" til pie l'nt nld ,11/ lrom 1.111'11' 

1111111 th l' 1I III l:-;:tOI .lIld k.II-IIl' 11110 thl' 'I, tl'm In thl' 

" I k .ltIl1' /111111 ",t,II.ll.!l' 1mfto" 

\1 'ltllllll·tI d .IIllIWI , ( IO"l" In thl' " tUllllg 11 ',11 ode" tl 

tllIl'L I ,III \II Illl' 1~.lt ,tOfJ 'l' unit. 

1'3.1 1' ,11 t J,II 11WI Ill'll" In the" tlHing Ilt'dt nd ." to 

P'I'H'llt Il l'I,l' lin .. 10"''' the letuln .111 du t. 

.1 dl.tlt d.1I1Pl'1 (Io'l'" In thl' " I h' ,1 In' IIDIll tOI,lgl' 

1l>de" to pll'\lllt thl' po·.'IIbrlll'r of IJ JII from [wing 

/, .1\\11 111\\11 Illllll Ihl' ollt' tor ,tnJ ltd Ill' Into the., .,tem. 
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'll r .It Ill. T Ill' Il'lll If) 

lll'IlI It' I 'Il I ',Ilurl 

. It Jt iug fr rn )11 

II.llll IIlUl,lIlll' 1ll',11 11,11l,ll'l Ill' Ilum, I JI.I~ Il Ihlllu 'h Illl' fl.11 pl.lll' 

Illk lilt 1ll'I' II " IlIlllll.ll" hl.lll'd III .1111111 I (II I ( )1 • \ 1ll'1l 11ll' 

'I .1 l' Il Illft l" IW.II, 11ll' 11I,It 1ll'.lll I .1It " 11,.1 n Ihlllll 'h Illl' II h.llllllll ' 

lit 11 I ttl \ hI h .1 1111(111111'1 1.ltIl1WI I .11I1I1Ill.1I1 .111 IIll'Ill'J III Jill' I 11ll' 

hilI .111 Ihlllll 'h 1111' 'II tI,.II\ 1h'.lllll· lin I ,Ill Illul IlllIl Ilw '1,\ l' I Ill' .Ii, 

I ll'll 11'llIIll' III 11ll' lIIIh'lI111 .11 .lhlHII ,011 1 , hl'll' II '" , '.11Il 1ll',lIl'l .111 I 

Ihl'l dl'II',W.11 11'I'It , 

M d~ B. >1 : 1) ' IIl .. t 

r= 
I 

\ IWIl 11ll' 'P,I I' 1l'lIllel.lllIIl I' ,.111,111''', Illl' .Iullllll.llil lIlI11II11 "'(1'1ll 

d'\I'lh 1111' 01.11 IW.1I1'1 .111 111111 11h' 1ll'.11 ,1111.1'1' II/III \lll'll' 11h' 1h'.11 I 

.11 "HI", J I Ihl' pl't)1 flo 11'1 RI·I.III\I'h UlIll .111 Illllll Illl blllllllll III Ihl' 

111',11 '1(l1.1~I' ullll (1 ,1' " IhUIll."" .11 lllll ) Il'lulIl' IlIlh· ' 1I111'lllll,\lh'll' 

II " 1ll',lIl'd 

7 

I 
I 
L_~ 



d It m 

III 'hI ~)I 1I1l 11111 I 1.1\ Ill'll 1,1.11 ~ III I .\ I' un I ,III.lt I~ .111' Ill'll Iw.II 

I nu' l' J In till' 'I).IU, till' .Iullllll.ttl lullf()l, III I '"l'l Illl hu ll lllll' 

I ' HIIIl hI Irlill Itw 11I1Iom lIt Ilw Iw.1I 'IIII.I'~· 1I1111, up Ih,lll/'h Ilw Il'hll~' , 

'I' Ih ' III 1,111',111' , Ihlllll'h I pIli 11111) lit 11ll' .111 h.m l!1I1' lIllIl .lIlll 111111 

Ih ' ' 1 .1 t' \1.1 11ll' .Ill 111.11 1ll'.1l1l1' unit t,II1 \ hlll Ilw 1)1." IW.lled ,III dll , 

nlll m.IIIlI.1I1l 11ll' p.I I ' Ihll nh,'!.II ~' ttlll', Illl .WIIlI" III 111111111 11I1I" 1111 

Ihl' ,Ill 111.11\ 1ll'.Ill'l III .Idd Ilh' I t'qllII l'd Iw.lI . 

.I ", 

d LJIl1Il1 r \ .ll et I I ' d(1I1 1 

III Ilw 'lllllllW', ,11 '11 'PI I' Ill' 11111'1 11111 Il'qlllll'l, .111 I' did \11 11IIIlI'Il 

Ilh' lllll' 1111 ,,1ll'11' II I' hl',lll'd ,Ill f Illen ,11111'1' Ilw \\,111'1 Iw ,II~' 11 ,111'1'1 

11111 11h' \1,1,11 1ll',lh' " III 11.111,11'1' II IW,l\ III Ilw \\ ,111'1 "h ilh I 111'111' III 

1I1,lll'd 111II'"~11 11h' lllli \lId 11ll' "'Ilk' ,III I' Ihl'll Il'llIlll h,1 In Ilw 
ullk 1111 IIlkl 

CoOl e d 

o 
, r-t-
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1 (ti l t I .It r lUll I H Jtin' 
( I 

-----:..:..; 

IIl.11 l ump \ IlIll Illlliid fh)1 

willI) tl1lll' I I .llIlIlJ 111,1 ,LI'l' tll'.11111' , 

r:: 
I 

p 

M)d r It .It Pump ~ ( nd 

11 'r) I h 
.1 III tor 

II 

'II mIll , 1m I'l' 

1 hI I Illl '.IJlh' .1' 111 k l" ll' pl tlh tIl II .111 h,ll1dl\Jl' urHI " I1tll '11I1111g 

IW,II ~\ II Illl Il'IUIIl .\II ' th' IIHt lJ'Il \11) \ ... 'IHIIl .1\ Ilwll" I .... 1 l.tll 1111 

III I ... 1.I'l' hl'.IIIJl' Itw ",telll .. I II hl,lt Iltllll ,1"JI'l" ,Ind 11ll' '\'\l'm 

1111l'I.lll" .1' III Illll ( 
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\I t r't 

1 h' Sill IIlln 

\I.1t b l)l} r II)I,j h 

l 

III llt "I" ",I "' 'h '" ' Ih , ' " 1111 I", ,Ii 11' , 1111' "" I""""'" 
'" ", "1'1 "" ,I 01 ,I' ,," ,,,1"0\ III" S,,"lh.on lilt I I.on "" ·1, II I I JI i, II h 
p I II I" I h'~"'" I", ,p,' " h'" \II" "" I 1.1111 II k ,,11"" I '~, <" III' 
0\,," ",I' 11,,1 "II," 1"",1 "'~ "",I I1\J'W 1''' '" II '.11 .,ppli .,\111" ,.11 i"11 
"I () il""'(" 10 1111\ JlI' S"" III, " JI1 < " 111 I'll , ,II' ''''., II "<III" " .11 
."lil illn.,1 () 1"" .,,1 "I I<' III' ." ,'., Jnd.' k 'Il" .11 i.1I illl1 on I ill I" "' 
lIpllm"11\ will "<I""" "1 1"" "" ... d P" 'III .01 Iolllln.,1 011' IU' m.', 
IIIl .11' II" on II", ,,1.11 ,," "II<' III' 1''' ,b<m .,1 h II", .,ho' b" '" • 01 .. I 
III I' h" ,m' I I" 111< .,11 "I", .m I ,',II" 11 wI I I" I. I h' b ,b<, • 
Ih"Il' I,,' <,' '" 1I1.lll I h 'I w,·,'11 il,l1 I h" 'l",il1', I h' 
"" '11 ,,,. '" I "' ., "' '" 10' ,n ",,,I "1'1'10 "I' ,n' .,,01 

I '01"" II", .,1",,, h" >II" "'" I """ III I "' "I h" ,,""''''' L nl Jonin I iun , 

II, ' "Ik" '" IIlili I , ., 1'.11 '111"01 ,'" 11\.,ni I "I "I,'''' 10 " ,ni" ill' 100'101 
",,1,,1 I., I" "' 1.1 no nJ,' """ Ullit """ h,~h I"" I """JI1 " 1I1l' I11JI1,I0 101 
, I"" ,,'pl.Il" 1111,,1,,1 I h< O\U ,,," n ,,,,,,,ll "' ' I" inl " """ I 

olhl" l ~ l'" III JII hl' lin' olk lOl . 
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h 

lilt I I If till t H: 

Ik,ll I l Ir,llIlJ llIlrn till' IOl,l'l' unit In Il'\l'r r of Ihe l.hM 'l' L LI' , 

Thl lfh'1 '\ IIHld III tlH'l,lll ,lttl'lnoon i~ u cd IIr l. 

I Ill" ,llHl'd ,II Ihl' hi 'Ill t tl'l 1rl'l,llUll' JUlin' till miJdl' of thl' d I~ 
"II d ,II 111 '111 JUrln ' till pl'.1 Ill',lIln' hour , 

tlllLd I'llm Illl l,II" mornln' hOlll' I U l'J lowJrd thl' l'nd III 

I1lgllllin1l' Ill',ll ing hllUC , 

PlOr,I'.lIIlHl ul thl' tl'mpl'lJlUCl' profllL' throu 'h thl' rl'bbll' b'd durin' 

.1 t\ rid lll,1I 'l'-UI h,II'l' III ,I fl1l'J Ufl'd in J tUJI tern r rJIIt n 

.11 Ollll,ldu t,ltl' Lnl l'C II , 

rill fLon 'Ih III tll1ll' th,lt thl' tl'm LJn he.1t com th ',olM 10C.1 ll' unit 

~ III .. ,II \ ,I ,\ I UIH: I lun 01 thl' Jmount I 1)I.Ir l'nt'f I J .1lI.lb I ' ,lnJ ho 

ulJ II I uul Idl' I Ill'll' L,In hl' lime ""hen Illl'fl' will t t' no hl'.!1 in thl 

IOC,\ 'l unll ( l' lold .. Intl'f d.l\ ... Ill'" .III ot till' ,)lI1M rnl'C ' ulll'l:tL'd 

dUI In' 111l' ,I I ('l1llll'l U l'lI up Ufln' the ,11l1l' dJ\ ), 
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I l IlIIH' 

1111\1 \,1 . 

r h 
III hl r 

I Ill' 

.1Il hI 1l1l11lflll I 
I r hllrl/llnt II I , 

l\lllll Il 

Ill! III I 1111 .111 h.llldkl III I hI I III 

11ll' .111 hill Ik l III I Illl .Ill 111.11 

1"1 .11 Sill \I 1111 \ I I III III 

1I11.lIn I" I) '1.1 I Ilpl'l.llltJ 

1IIllIWI Itll Ill' I IIIl III Illurn III 

Ill' Ilf Ilh' ) 1.\1 , I l Ill , 1111 l' 

1.11111 1'1 .11I11I1ll.1l1 111\ llpCIl .. Ill' Il 

.11 r I' hlll .. n thllHl'h Illl III I h 
Ilh' 1)1.11 \ I l'l 1. I It 1\\l'\l'1 , .. lh'll 

11ll' ,Il'm j, IHII l' Ih'I.111I1' Ilw'l 

1.11 111'1 \III .1l1 II Im,ltll.llh l.ln l 

III 11"\l1l1 1111' IIIJ m!-:ht .Iil 1011 

Il.1 11' hI n 1111 dm" .111 linin Illl' 

Iw.1l III .I'l' UIlIt. 

m~ tl at Pr~ hat e I I III 1A I I r 1 

I hi I .111 I tilln .. hk h 111.1 III m.1 nl I hI' III ludl' III our \ It'm , 

rill' .. . lIl'l I Il'Ill Ill'l '1~' 1l1 1"11.1111 .111 ,III " .lll'l hl.11 I' h.m' lori, .1 

'om III .lll'l II utllil I pump ,Ind III In tll,Hl' I I H ~~ I n urln I ,111 

III lIlIh lit '/1 l: I ,11'11 .111 !lllm Ihl' nlk tor hl' I Ih ,,-,Ill I If ul,ll'd 

t \ 11ll' 1 UI11I' tlHlll 'h Illl' hl,lll h.1I1 'll or! Jlllll' ".IIU I Ik Il'd 

In Ih in u \ l I IllI.I'I· lin, tllllll "hilh Ihl: Il'ulM .. ,H r hl' I~r drJw 

II upp" llll' Pll'hl'Jlel i rl'l knl hl I fr)m Ihl' )Id \\,n r linl' 

1111111.: I nlllllwln Ihl' pump on "hl'n I,ll hl,lllJ Jir I t l'ln' de\t .. r J 
fror 1 hl llik 101 . \ hill.: I 1.ln\ hJ~I' I· ... ) dlllm' II "- ler tJn 



CO T 0 U If 

U ilicH H 'ell in 

I lull 

t r .111 

lion \ h'm . 

I h unit nlll I hl Ill' ! 10 lH nl,1l tlh' l'ntlll hUlklin I hl.ltll' '10 IJ 

I !.\ 01 hl\l'lI 

ll1ullIHl d 
l'l' III Illl ~" II (In .111 h In lIu .. III IlJlllrn Hi .111 I' ron 

I II I I tlh P III III til I'l', I rl IU ll l'!. (IIntrol Iflle IOl 

III "III \ Il'll .tnJ I h loml'IHlon.t1 1)l' Jt in I unit utlll/' 
In t 01 J Il 
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hll It I . 

urllt III \11 II 

nil III ~ II UII III hlln 1 

I I I • III . ltl \. 

III It pun p 

I hll I SII'~ I !c.llln' (Ill' 1\ lUI II .Ipph ,llhHl ~) . 

1. \ IIld III I I h) I II III I ""' 1111 l'll: III I l I III l II'I 

III 11111 ' l'll I 1 III III II rli I III Illn' UlH I \ n llu l II lit 

Il I '1 l" .111I I~' 11 m.1 hl 1I l' J In Il,ld lIt .1 lUllhl 
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II 

III. 

R 1 1 R( 1\ () I II 
() .Ifld I I dwp .. 10 ) III or It- .. Illl toll )~1Il 1.1 

TIll' oil 'nllon I .. p l' 1ll'.III" I wnlrol Ir ull ill I)' MD I . 
II hlndllilo l'I;llJln )11 hot W l r lump (oplltn I). 

B 1 ir .. l t.1~l' II alin I • Ut'Ill.1 Il(J I )Ial h 'at in p.ll 

\ h 'n 1 'n .. ol (tW.1I tOI.1 't' bl) ) i .. 
v,.,tiollal 'Ir)JI.l: h ',Ilin I Olll/ol il uil 

)() 1 , t h ' l. n 
utomJlI .111 

brtn I on th' .Ill 111.11 h. lin I unIt t) n ur 
u pi Jtr t mp'l tUI' hI h WIll IU th 

urJft . ( )t Th h WIll ttll b 
il throu h the h II 

'n 'rg I u ' ) 

'on tJ I ' II J I in I ( am .1 0 ). 

minImum 
n .Ill n f 

ir ul 
f Ih 

hiru 1.lg' th:.llmg ( .Im I· bo ) h t pump nl . 

TlRtl£Al l 

A. inl'r or'l.llion rermll uom' tI WJl r l pr 
tim' th' tem 1'1 Il)lIng h ',It. Th' n r T W WIll 
hot W.llC I rump wht'n 'I rOtnt temp r tur f 14 r 
.1 I I u.,ted) III Ihe UOme'lUl h d . 

R. ummer oper.tlion r'rmit the T w "l'n r, wh n hut 
um n lhl' hOI .lter rump .lnu )1 r)n dir h,lnul r dnu tI 
M 1 until Woller l ' mper.ltur In Ihe t r gc tan ur p 15 
blow l't poinl of T w . 

IV . A IR 

u me Ii wat'r,du ilidr 
U therm .,tJt Jnu M • 

B Idr und\'dtlJblc u diM trm 0 a In I -A 
th' 1M dlr h.lnul 'r .lnd d me ti w t 
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II P R R R 

I Ill' "ol.l/on \ tl m i, impll' to 0ll'l .lIl' II ou 11.1 lu do I t thl' 
Iht.'rnl! Lit to Ih • dnltl' I temp'r tlHl' 1 h' JUtOI11,lIll onlr)I \ I m will 

() h' I "I ~ , I II Illlll'nd th.1I to obtJin thl' 1m I bendlt II( m our 
01", \ 'tl'm Oll I'du ' tht.' thl'rmo\l I 1t.'mrwr.lllJrl' 'lItn' to 01 

(I 0 ) 01 Il'" II ni 'ht dUI in' tIll' old' t p 'ft d 01 th' '.11 whl'n thl' 
Im,I'l wi!I I pi .111 IH' dl'pll'tl'd bd rl' nw,ntn '. (II I:Jt pump JU "'Jr 

Llnlt, Ill.l b' I'lt .tt Ol1l' tl'rnpl'l,ttllll' lIin' .()r1'tul t our h ,il pump 
,uppll'r IIlI \(.'Ih.llk inlollll.llion ) 

101 the rl' I 01 Ihe l'.tr, I() rninimi/l' .IU 111M lnelg~ u g .. lhl Iherm( 
'11.11 h()lIi f not Iw 'I bJd-, ,II ni 'hI. II II I I 'dUl 'u, Ih u Jg' 01 J "up 
Iud 1ll.1 .lLlll tllv bl' rn Il'.l 'd. 1 he 'Item" de Ign'd to turn n th' 

LJ "'.11 telll wlltn thl'rl' I .1 t\ () de 'r 'l' (or III r ,) drll', '/1 l' rn thl' 
ll'mpl'l.llurl' ()I thl' hl'.Jl p.ILl' Jnd Ihl' Ihermo ttl l ' l lln '. l >rdlngl , 

hen 1I11 III rl'J I.' I Ill' I hl'l nw, Itl I '1l'lIl n I : nIh' mor n lng, th clU" 1M 

h ',lIrn' ,Iem ould bl' lurnul on l' 'n Ih U 'h Ih 'r' mtl .,1111 l' )uff, 
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