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I,~ INTRODUCTION 
'... !!;·~.6,"'" 

The Andale Company, the Schutte and Koerting Company 
and the Amer:i.can Heat Reclaiming Corp" were approached with 
'the problem of construoting a leak=tight stainless steel liquid= 
liquid heat exahanger having aG amall a liquid hold=up as pcssible" 
~ne oporating conditions consid6red'wereg 

Shell aide soft water entering at 590 F (150 C)o 

Tubs side '" a liquid with physioal properties 
very much the same as water~ specific 
gravity about lo35~ and containing 
solid particles 10,,~lOO microns in 
diameter~ entering at.Z300 F (1100 , C) 
and leaving at 1220 F (500 C)Q 

Velooities ~ as high as possible to increase the 
rate of heat transfer. o 

'Working Pressure - 50=76 Lbs/sq"luo 

This mamorandUIll is a summary of the facts and op:l.nl0nS 
obtained from the three manufaoturers in regard to construoting 

. and operating an exchanger that 'Would meet the (;i van c ondi'li ions c 
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Ie) INTRODUCT,ION 

The Andale Company, the Schutte and Koerting Company 
and the American Heat Reclaiming Corpo W'are approached with 
'the problem of constructing a laak~tight atainless steel liquid= 
liquid heat exchanger having as small a liquid hold=up as posaible" 
~ne operating conditions consld6red'wsre~ 

Shell side Q soft water entering at 590 F (150 C)o 

Tube side ~. a liquid with physioal properties 
very much the same as water 9 specific 
gravity about lo35~ and containing 
solid pa.rticles lO,,,lO() microns in 
diameterg enter:i.ng at.2300 F (1100, C) 
and leaving at 1220 F (500 C)~ 

Velocities ~ as high as possible to increase the 
rate of heat transfero 

This memorandum is a summa.ry of thta fe.cts and op:!.nl.OnS 
obtained from the, three manufacturers in regard to constructing 
and operating an exchanger that 'Would meet the r;iven conditions", 

,. , • ........ __ ..... ~ ___ .. 111 
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lIo SUMMARY 

A single paS3 tubular heat exchanger wit;h straight 1/4 inch 
(18 BoY'l"G~) tubes rolled and expanded into tUbe sheets can be oonstructed 
and operated undar.the conditions predicated by a homogeneous pi16c 
The following dimensional Il.nd operating limitations are reoolTllllimded by 
the manufaoturarag 

Tuba spacing "0. <> 0 ••• " o •• " q " ,,"" '" " "" 0 • ". <>" '" 3/8 inch cantera B 

trifL."1gular array 
Tube sheets c" '" '" " " C' 0 Q " " " <> " " '" • Q " ~ Q " " " " " '" coone fixed a.nd one floating 

Bafr16~ l) 000 v () \;> Q.o '> ~ 00 o .. ~ ., 13 I) <:1 0 <' f~!) '> ('. Q " Q' C Q () a Q segm.ental , 

I Maximum tube length "" "''',,'' '" " '" <) <> <1 <> 0 n " " • 0 0 10 feet 

Maximum veloai ty through tubes "0" 0 c, ~, 0 """ 10 ft 0/66C 0 

Maximum velocity through shell""" Q " ""j" " 0" 6",:; ft,/seco, 

Tho manufactul'ers Q opinion varied cousiderably ,r6ga.rdi:n~~ the 
ellowabla unsupported tuba length, cne recommendad8 inohes p the other 
18 inches 0 

The use of' single grooved tube sheats 'With expande9- tubes is 
the moat satisfactory method of preventing P~,9 leakage" 

Prelim:lnary oaloulations indicate that t he amount of cooling 
water :required will result in excessive shell side velooities; double 
water exits and entrances may alleviate this condi tiono ' 

l'ho best overall heat transfer coefficient expected for £~ 

. tubular heat exchanger is 800 :. 50 BoT.U./(hr)'q<,£t)(OF Q ) 

Stainl~88 steel spiral haat exchangeracan be made with !iii. 

3/8 inch annulus and 54 inches longo Preliminary caloulations indioe:te 
-allowable ,velocities are limited by the high pressure drop inherent in 
this type of exchangero 
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lIo SUMMARY --
A single pass tubular heat exchanger wi't.h straight 1/4 inch 

(18 BoVL,G~) tubes rolled and expanded into tube sheets can be oonst,'Lwted 
and operated under-the conditiol1.S predicated. by a homogeneous pilec-
The following dimensional and operating limitations are recommended by 
the manufaoturers: 

Tube spacing "0 ~ () " • ~ • " ~ • ~ " '\ • " " 0 '" " Q " ~ • ". '-' "" 3/8 inch canters 9 

triangular array 
Tube sheets c" 0 0 0 ., " " " " " 0 " " " <> c " " ., <l " " " 0 • 0 ~" one fixed and one .floating 

Ba.rfle~ "':- I:) (I O.'J Q () tJ Q (Ii coo 0 I) ':'J 0 0 Q 0' .:.' {# 0 ~ (" C n -0 C () 0 '" Q segmental 
/ 

I Maximum tUbe length "" "CI,'" 0 " '" <.l '" " " 0 ~ <> '" • 0 0 1<;1 feet 

Maximwn velocity through tubes oo"oo~oo"o 10 rto/S6Cc 

The manufacttll~erS q opinion varied considerably ~'egardinE~ the 
E\llmmblra unsupported tube length.; one recommendad8 inchesj) the other 
181nches o 

The use 01' single grooved tube sheets with expandelJ. tubes i13 
the moat satisfactory method of preventing P=,9 leakage" 

Prelim:l.na.ry oalculatiollS indicate tr.a.t t he amount of cooling 
water required will result in excessive shell side velocH;iesj double 
",'{otter exits and entrances may alleViate this condition" . 

The best overall heat transfeT coefficient 6xpec'ced for s~ 
- tubular heat exchanger is 800 :. 50 B¢ToUo/(h!")~q<ort)(OFQ) 

Stainl.es6 steel spiral heat exchangers cem be mnde with a 
3/8 inch annulus and 54 inches longo Preillninary caloulations indioate 
~llowable.veloaities are limited by the high pressure drop inherent in 
this type of exchanger.) 
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:rlL DISCUSSION 

~~~:at *Excha~ 

A" !ube Size and !l1!e.ci~_ 

Both the Andale Company and the Schutte & Koerting 
Company agreed thatl 

10) 1/4=inch stainless steel tubes can be satisfactorily 
, put into "Gube sheets on 00315 inch centers", 

2,>') 3/16-inch tubes are below the practical limit for 
shop fabrication for tubular exchangers, although they can be used in. 
lengths leas than 5 feet long and spaced not less than 06375 inches 
apa.rt~ 

30) The maximum allowable length of "1/4=inch stainless 
staal tubas is" 10 ft", This limit is predicated by the bowinc and 
twisting of long tubos o 

"40) For protection against erosion, 18 a.fl.,G .. is the 
lo~~r limit for tube thickness - 14 B¢WoG~ baing preferredo (Erosion 
at the ends whar;e cold workill{; has occurred during the expanding 

_ process will be Q critical factor in detel~ining the life of the 
e;;~changer o) 

5,,) Further annealing of the stainless staal tube ends 
is not recommended because of the distortion and loas of strength likely 
to result 

:So Tuba Shests and Tube Expandi,!lJl 

Both Schutte & Koarting and Andale agree thntg 

1,») Because of: t;he high stresses developed 8,t t he tube 
end6 with the gbran temperatura differences" fixed tube sheets are not 
suitable" HOliievar-» this t.ype sheet could be used vdth bowed tubes or 8.11 

expanding shelL, (See Figure LZ=D70 = Details C and E) (> 

2 0 ) One fixed and one floating tube sheet will be 
satisfactory" 

3,,) 1/4 inch tubes "d!"ii'ted ll Rnd e~cpanded into Groov'ed 
holes in a single rather than a dO'Q.ble tube sheet will give tight 
connections!) 

· .. 

!I:L DISCUS~2!'! 

Pe;.r-t; I = 'Tubular Heat Exchangers =---- - . ....... ,., 

A(. Tuba Size and ~acin€i. 

Both the Andale Company and the Schutte & Koerting 
Company agreed thats 

1 0 ) 1/4=inch stainless steel tubes can be satisfactorily 
, put into tube aheets.on 00375 inch centers c . 

20') 3/16~inch tubes are below the practical limit for 
shop fabrication for tubular exchangers" although they can be used in 
lengths los8 than 5 feet long and spaced not lesH than 06375 inches 
apart~ 

3 0 ) Xhe maximum allowable length of 1/4~inch stainless 
st,ael tubes is' 10 ftc This Unlit is predicated by the bowine and 
twisting of long tubase 

.4 0 ) For protection against erosion, 18 BS!QGu i6 the 
lO'wer limit for tube thickness - 14 B.,WoGo baing pref'erredo (Erosion 
a.t the ends whax;e cold working has occurred during the expanding 

. process will be a critical factor in detel~ining the life of the 
6j~c}1..anger 0 ) 

5,,) !<'urther ann.aaling ol' the stainless steel tube ends 
is not recommended because of the diotortion and 1088 of strer~th likely 
to result.<:1 

:.a,) Tuba Sheats and Tube Expand~ 

Both Schutte &: Koe:rting and Andale agree thD.tg 

1,,) Because of the high stresses developed at t he tube 
ends 'livith the gilren tempera.ture differences" fixed tube sheets are not 
suitab1eo However'9 this ~ype sheet could be used vlith bowad tubos or an 
expanding shellQ(Se6 Figure LZ=D70 = Details C and E)o 

2 0 ) One fixed and one floating tube sheet will be 
satisi'actoryo 

3,.,) 1/4 inoh tubas Itdr-ifted" and 6,tpanded into croo"¥]"ed 
holes in a single rat'her than a double tube sheet will give tight 
con...'1.6ctions" 
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The tubes and tubs sheets should be made of the 
sP.Jne . material.:> 

5 a) Usine extended tube sheets independently bolted to 
the head and shell (see Fig,., G",,4229) facilitat®s the removal of the 
tube bundleo 8~ould this operation be neceasaryo 

Tlw Andale Company rsc~~ends the following stainless steel 
'tube shoat thicknesses for 125 1bs" workhtg pressure: 

Shell D~eter. ~ Tube Sheet Thiokness~ inv 
~ IZI' 0" ..... ,,. -.. _ -*"_ 

l"ixed Sheet !loat1ng S~~~ 
... -------

8 1/4 1 1 1/4 

10 1/6 1 1/8 1 l/Z 

15 5/8 1 1/4 1 l/Z 

20 1 3/8 1 1/2 

The above figures include factors of sQfety for corroaiorJ.u 
erosion and strengtho The So« COn tollow the speoifications eiven 
in Tubular Exchanger Manufacturers Associaticno The floatii~ tube 
sheet is thick~r than the fixed tube sheet beoause the fo~er contains 
the stuffing box packing glarido Preliminary calculations indicate 
that decreasing the tube sheet thickness to reduce hold-up is impra.ctical 
·5ince a 1/4 inch reduction in thickness d0creaS6S the hold-up in 1400 
tubes 8 feat long by only Oo~o ' 

The Ay)'dale Company pre£s1'8 the use of forged steel tuba sheets·· 
to cold rolled ones for the following reasons; 

10) 

2,,) 

'1! ) fiJt; 

The forged steel tube sheets hayS gret£ter tensile strength" 

Tubes can b'a worked without working the tube sheet '" 

No cra.cking of the ligaments is likely to occur (. 

The Schutte &: Koerting Company prefers the use of cold rolled 
tube sheets" 

Welding the tubas to the tube sheet is impossible with small 
tubes on close c.e:ntsrs because thera is neither" enough space bet;·ween 
tubes nor enough metal in the tube walls o 

4D) 
, 

The tubes and tube sheets should be mads of the 
sp."me . materialo 

5,,) Using extended tube sheets independently bolted to 
the head and shell (see Figo G-4229) facilitates the remov'al of the 
tube bundleg s~ould this operation be neceasary~ 

The Andale Company recommends the following stainless steel 
'tube sheet thicknesses for 125 1 bs" working pressure; 

Shell Diameter .=-~n':;, T:ube_!?hee~!z:ickness g, ~v 

Fixed Sheet !l cat ing Sheet 

8 1/4 1 1 1/4 

10 1/8 1 1/8 1 1/2 

15 5/8 1 1/4 1 l/Z 

20 1 3/8 1 1/2 

The above figures include factors of safety for corrosiolla 
eroeion and strength., T.he So &: K.:> CO a follow the speoifications eiven 
in Tubular Exchar~er Manufacturara Assooiationo The floating tube 
sheet is thick!3r than the fixed tuba shout baoQuse the former contains 
tho stuffing box packing glarido Preliminary caloulations indioate 
that deoreasing the tube sheet thiokness to reduce hold-up is impr.actical 
sinoe a 1/4 inch reduotion in thiokness decreases the ho1d=up ill 1400 
tubes 8 feet long by only 003%0 ' . 

The A~dale Company pref'ers the use of rox-ged steal tube sheets· 
to oold rolled ones f'or the following reasons; 

10) The forged steel tube sheets haYe greater tensile strengthc 

2 Q ) Tubes oan he 'worked without working the tube sheet <> 

S;.) 110 cracking of the ligaments is li.'cely to oocur v 

The Schutte & Koerting Conpany prefers the uss of cold rolled 
tube aheets" 

Welding the tubes to the tube sheet is impossible with small 
tubes on close c.entars because there is neither, enough space between 
tubes nor enough metal in the tube walls o 
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The Andale Conpany recommends the use of a false or blank 
tuba e}13et at the entrance of the tubes to halp deorease erosion at 
the tube. ends 0 (See Detail D9 Figure ~~D70)o This sheet would not 
oamplet~ly prsv@ut erosion but would lessen it considerablyc 

Co ShaH 

The Andale Company reoommends the use of cast iron shells 
when using water <> The shell should be bored and maohined on the inside 
for C10S6 baftle'to shell fits and minimum tube aids pressure drop" 
A 1/32 inch baftle to shell olearance is recommendedo The use of 
impingement plates inside the shell at the inlet "IM1'.ter nozzle is no'~ 
required unless high valocitiEiS and dirty _:tel" are used" The use of 
eo oontinuous shell venting system is essential () (Sf$~ I.t~igure 12.=D70 "" 
Detail A)o . 

The Schutte &: Koerting Company have no recommll!lnde.tions Ill.a to 
the material of construotion for the shellu 

Do Earl'les - Bafrle Sp8.C~ 

The Andale Company ~ecommends the use of ~gmental baffles 
instead of' orifice baffles due to the low velocities obtained with the 
lattaro 'Xo prevent bi··mete.l coupl.e aotion between baffles and tubes I' 
both should be made of the same materialo It is possible to cut 
ba.ffle-tube clearanoes down to a few thoustil.nths of an inch" The 
B.miting factors are allowable cross leabgs p tube diameter irregulatiri;f3s" 
and distortions produced in tubes when expanding into tube sMets,) 

The Schutte & Koerting Company recommends a 1/64 incll baffls= 
tuba clearance in accordance with T.E"M.Ao$ atandards o 

. Xhe Andale Company prefers a maximum baffle spacing of 4 inchea 
and" an unsupported tube length of 9 inches 9 whereas the Schutte & 
Koerting Company believes as much as 18 inches of unsupported tube can 
be toleratedo Minimum barrIe spacing dependo entirely upon allowable 
pressure drops" Exoessive baffle spacing not only allmva tuba Ubowingfi 
'but oreates .'~shadedtl or dea.d spaces of low liquid velocities" 

';;'i~l.bui;~ Exchanger Manufaoturers Association ~-

'. 

The Andale Conpany recommends the use of a false 01" blank 
tuba sheet at the entrance of the tubes to halp decrease erosion at 
the tube, ends 0 (See Detail D~ Fi~ure !Z=D70)o This sheet would not 
completely pr~vent erosion but would lessen it considerablyo 

The Andale Company recommends the use of cast iron shells 
w!wn using wateT Q The shell should be bored and machined on the inside 
for close baffle ,to shell fits and minimum tube aids pressure dropo 
A 1/32 inch baffle to shell clearance is recommended o The use,of 
impingement plates inside the shell at the inlet water nozzle 18 not 
required unless high velocities and dirty 't'fllj.ter are usedo, The use of 
a continuous shell venting system ie essential;) (869 !<'igur:e 1.2.=D70 = 
Detail A)o 

The Schutte & Koerting Company have no recommendations (jI,S to 
the ~terial of construotion for the shella 

Do ~f'les ~ Ba~fla Spa.cin~ 

The Andale Company ~eoommends the use of Segmental baffles 
instead of' orifice bat'fles du~ to the low velocities obtained with thG 
latter", To prevent; bi~mete.l couple aotion between baf"flee and tub~S'1 
berth should be made of the same materialo It is possible to out 
baffle-tube clearances down to a few thousantha of an inch o The 
l:.'i.miting factors are allowable cross leabge f) tuba diameter> 1rregulatirias f; 
and distortions produced in tubes when expanding into tube SMa"CS", 

The Schutte &: Koerting Company recommends So 1/64 inch baffle= 
tuba clearance in a.ccordance with TcE<)M~A.o 'z, standards o 

,'~he Andale, Company prefers a maximum baffle spacing of 4 inches 
and an unsupported tube length of 9 inches, whereas the Schutte &: 
Koerting Company believes as much as 18 inches of unsupported tuba can 
be tolerated", Minimum be,rfla spacing depends entirely upon allowable 
pressure dr-opsc Excessive baffle llpacing not only allOt'ls tube t1bowing'l 
'but oreates _'~8hadedn or dead 13paoes of low liquid velocities Q 

~-------------=-----.. --~--------------~---------=--------------=------r.lIrubular Exchanger Manufacturers Association 
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Baffle thickness depends upon corrosion ra:!;es'j) strength 
arId. shall diarooter Q The Schutte &: I\oerting Co:.npany prefers T oE~M.Ao 
standards, whereas the Andale Company r.eoommands the following £91" 
stainless stael baffleQ~ 

Shell Diameter ~ ino 

8 

15 

20 

Barfle Thickness = ino 

1/16· 

3/32 

1/8 

Andale often r~commands Phenolite composition baffles and 
for each. of the a.bove diameter,s.~ a 1/4 irlch thickneas is de Birable 0 

Phenolite i3 a phanol=formaldehyde resin tha.t if! light, :'I.nexpendvs p 

has a low coefficient of ~xpan8ion& is corrosion resistant and does 
not 8wel1apprec~ablyo 

To preyent by-passing the') water around tl,l.e tube hundle into 
6hell~bundle free space. the Andale Company and Schutte & Koerting 
recommend the uae of' circu~ar tie rods rether than strip segmontso 
Andale reoommends Phenolite rodse Rods are more readily a:t;tached to 
the bundles and. faoiUtate removal of the bundleo Figt.1T6 0-4229 shows 
the detail anq arr~igament of·this type of conneotiono 

I ThaAlJdale Company rooommends a baffle design such that tha 
w~ter velocity through the cutdow.!l ·i8 75=80% ·01' the velocity between 
the baffleso This dosign appreciaQly deore~s6s tho shallsida pressure 
drop without. noticeably arfeot.ing the shell si.de coeffioient" Pre
limina.ry calculations by Andale engiueters show that t he shall Bide 
pressure drop is quj.ta sensitive to baffle designo 

E<,~ " 
, 

Preliminary oalculations indicate that 75=80% of t~~ liquid 
hold-up will oocur in the haadersoConsequently considerablG time ,laS 

Civen to header designo There are no definite oonclusions» as 
numerous oalQulations must be made before a header design with minimum 
hold",,>up can' be presentee/.", It was ~reed by all manufacturers that Jcha 
limiting faotor is the distribution of the fluid through the tubes (J 

The lower the v6100i ty of the flu:ld in tho head just oo.t"ore entering the 
I. tubcs p ·the better the distribution will bee· . 

The header design is independent of the type of tube sheet; 
the in8id~ header diameter is slightly larger than the diameter or tho 
outer tube pircla" (Sae Fir;ure G.v4229) 0 Both Sohutte 8: Koertlng 9.nd 
Andale beli'sve it possible to bring the insidlD vm.ll of the header to 
within 3/4 inches of' t.he tube circle ed; the fixed tube sheet" At the 
floating head end p enough rOOl!! must be le.t"t for the tongue and grooV0 
joint {See Figure LZD~72)whioh insures against P7,,9 leakagso 

/ 

Barf10 thickness depends upon corrosion ra.:!:.;esf~ strength 
and shell diarastero The Schutte & Koerting Company prefers ToE~MqAo 
6t6-~dards~ whereas the Andale Company r.ecommends the following f9r 
atainless steel bafrleQ~ 

Shell DieJl'l.eter "" ino Barrle Thickness inc 

8 1/16' 

16 '3/32 

20 1/8 

Andale often recommends Phenolite composition baffles and 
for each. of the above diame-cer,s!> a 1/4 inch thickness isdeBirable,~ 
Phenolite is 9. phenol",!'ormaldehyde resin that it:! light~ inexpeno1vs p 

MS a low coefficient of ~xpansion!l is' corrosion resistant and does 
not 8wella.pprec~ablyo 

To preyent by-passing t~ water around tl,l.e tube buudle into 
6hell-bundle free spaoe. the Andale Company and Sohutte & Koerting 
recommend the uae of' circu~s.r tie rods rether than strip segm.ents o 

Andale reoommends Phenolite rods", Rods are more readily attached to 
the bundles and faoilitate removal of the bundle" Figure G-4229 shows 
the detail anq arrangement of·this type of conneotiono 

J The At)dale Company rocomrnenda a ba.ffle design suoh that the 
~ter velocity through the cutdown'is 75=80% of the velooity between 
the bafflasD This dosign appreciaQly decre~s6s the shallsida pressure 
drop without, noticeably arrec?cing the sr.all side coeffioient" Pra~ 
liminary calculations by Andale engiulSlers show that t he shell side 
pressure drop is qu1.ta sensitive to baffle designo 

~'eliminary calculations indioate that 75=80% of tha liquid 
hold-up will oocur in the headers" 'Consequently considel'ablG time was 
Given to headerdesieno There are no definite oonclusions. as 
num~ro'QS calculations must be made 'bofore Ii header design with lilinimum 
hold""up can' be presenteti o It was tlgreed by all manufacturers that ~che 
limiting factor is the distribution of the fluid through the tubes" 
The lowor the velocity of tha flu5.d in the head just before entering the 

\, tubesp'the better the distribution will beo· . 

Xhe hsad<al" design is independent of the type of tube sheet; 
the insid~ header diameter is slightly larger than the diameter of tho 
outer tuba pircla" (Sele Fir.;ure G.~42Z9) 0 Both Schutte 0: Koerting e.nd 

, Andale believe :i:t possible to bring the inside!) 11'1&11 or the header -Go 
within 3/4 inches of' the tube circle at the fixed tube ahaeto At the 
floating head endJ> enough room must be left 1'01" the tongue and grooVl'!.) 
joint (See Figure LZD",,72)which insures against P7~9 lea.kagea 
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The Andale Company recommends a side entering nozzle 

(sse G=4229) with a flat cover plate on tne headero They believe t'ha'l:; 
curved aurfa9El headerso venturi nozzles at t}l..a top of the header~ and 
impingamenj:; plates ~u'e not pre,ctical" Thus the header depth becomes 
a funotion of the no.~de diameter$> the weldil"l..g prooedures u8ed~ and 
the thickness of' the header flangeso Regardless of design$ the headers 
must be stainless steel and the header flanges deaiened according to 
k~erican Standards Associati~n (125 lb o rating) etandard6~ 

. The Sohutte &: Koerting Company believes nozzles on the side 
of curved headers can be used,,' They alao believe a nozzle entering at 

\ the top and a perf'or~t6d impillgeme~t plate Cwl be used" In either case ... 
a minimum header depth of 5 inches is. naceasl'il.ry" 

.-

Th6 expan$1o'f1, and contraction losses constitut$9S~ of the total 
lcss of pressure in the headers; 

Fo Design COE!ffi.aisnt~ "" VelQcities 

The Andale Company' and the Schutte & KoeTting Company 
agree on the f'ollow1ne; p~ints~· 

.' 10) The ~imum allowable cooling water velocity across 
1/4 inch tube bundles is 6-7 .t'to/s~c<> 1'b.ia figure is not based upon 
presauredrop limitations but upon ~ the ['act ,that considerable "'libration 
occurs in the bundle when higher ve.1ocities are encountered", Prelimi:ma.ry 
caloulations indica.te a water velocity or 15=20 ft./aec'o for e. 59",167° if 
(15«·7.1:;0 C) cooling water risl30 It may be necessary to do one of thr'lie 
things to decrease this velooity~' . 

l" Use more exchangl:)rs" 

2" Usa a: much higher 01.1tlet. wa:ter temperature" 

'30 Use a double water-oooled sl'1..ell. as shOllYn in 
Figure LZ·...,D 71" This would divide the bundle 
into two parts with two cold l1l'8.tel' :i.nlata and 
in effect be two small exchangers. 

20) Th@ maximum tube velocity for this particular 
application is essentially a funet;on of' erosion rates" A mtiXirll\.Ull 

velocity of' 10 ft.,/seco is reoommended" However. Schutte e1 Koorting 
believed iii. higher velocity might be r-ealiz'ed if testin& showed that 
severe erosion ~t the tuba entrance did not oocur and ~xcessive 
pressure drops were .not encountered in ~4 inch tubos o 

= ,'1/ = 

r, 

The Andale Company recommends a side entering nozzle 
(13136 Go 4229) with a fla.t covel" pla.te on the headero They believe that 
curved aurfa9E1 headers g venturi nozzles at t}l.e top of the haader, and 
impingarosn~ plates are not pr~ctica16 Thus the header depth becomes 
a funotion of the' nO,ule diameter if the welding p!'ocedures uaed D and 
the thickness of the header f1angesQ Regardless or design$ the headers 
must be stainless steel and the header flanges desi&ned according to 
k!l.erican Standards Assooiation (125 Ib" rating) standards,;> 

, The Sohut~e &: KoeTting Company believes nozzles on the side 
of curved headers can be used" They also believe a nozzle entering at 

\ the top and a perf'or~ted impi14g6ment pll!ite oan be used. In either case» 
a minimum header depth of 5 inches is nacessary" 

" 

ThO expansiol+ and contraction 1013S6S constitute9!.>% of the total 
lQ8s of pressure in the headers~ 

F\, Design Co~f.ficient~ = VelQcit:5,es 

'.t'he Andale Company and the Schutte & Koerting Company 
agr@e on thtl' followine; p~ints;' 

" 10) The wpciJnum allowable cooling water velocity aCl~osa 
1/4 inch tubs bundles is 6 .. 7 fto/s~c" Thia figure is not based upon 
prsssurecirop limitation~ but upon'the fact ,that considerable ",ibration 
occurs, in the bundle when higher veloci ti€ls are encountered" Prelimit.var'y 
calcula:biolls indicate a .ter velQcity of 15=20 ft 0/ aelY" for a 59-167° F 
(lS~m)o C) oo'oling water riss o It my be necessary '(;0 do one of three 
things to decrease this velooity~' ' 

1" Use mors exchangers 0' 

2" Usa a much h~gher outlet wa:ter temperatura" 

'30 Use Q double water-cooled 6hell, as shOlhn in 
Figure J...Z·~D 71" This :would divide the bundle 

" into two parts with two oold "''Etter :l.nlets and 
in effect be two small exohangers. 

2 0 ) The maximum tubs velocity 1'01" this pa~ticular 
application is essentially 8. funct~on of' erosion ratas o A mex:trll1..Ull 
velocity of 10 ft,,/seco is reoo::mnended c Howaver» Schutte e7 Koerting 
believed a higher velocity might be realized if tes'l;inr; showed that; 
severe erosion ~t the tube entrance did not oocur and ~xceasive 
pressure drops were not encountered in ~4 inch tubeso . 
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3 0 ) Only w1·th E)xtr0L18 operating conditions p Let <l Ii high 
valocit1ss 9 no scaling, etoo c will it be po~sible to realize overall 
coerricif;mts of 800=900 B,:l'.Uo/(hl·o)(sqof'to)(OF.) 

. . The An9.flle Company gives the following ·table of overall 
Jcoernoionts for 1/4 inch tubes bas.d on many shop to:stsw1th .... ter: 

\ 

Valooity 
(inside) 

I 

Ve10city 
(outside) 

Uo(baasd on 
outside area.) 

ft o/sa,£.o .(o!!i~e(,).., f'toLsE!co, <E9!seo) • .:. _2wo.!·U ot~,:) (5A::.1fi"~, 
6 ( 180 ) 7 ( ZOO) 680 

6 ( l80 ) 6 ( 180 ) 640 

10 ( 300 ) . 7 ( 200 ) 790 

10 ( 300 ) 6 ( 180 ) 740 
....... 

The followin~ shell ~id6 coeffioi~nts are giveni 

rt :/5eo 0 (me!~ ve.l,;J. ,~..:.T • U 'J/ (hr.) ~~,) (elf .. ') 

15 (360 em/sac) . 2700 

7 (200) 1550 (max 0 ) 

6 (180) 1200 

3,,4 ( 50) 970 

Go ~~.i;Pass and Dent Tub!, 8:xchanr.t!!.1!. 

Xhe use of two~pa6fl exchangers and bent tube exchnnge:;.·s \\'a6 not 
recommended by either Andale or Schutte!' & Koertinc; f.or the following 
reasons; 

1 0 ) The tubes contract and expand unevenly .... 

Go) l'he tu'be size and. spacing required f.or .this case are 
too swall 1'01" shop practiceo 

30) High velocities in bent tubes make them pull a1'ntY 

£rom tube sr~etso . 

3 0 ) Only with extrema operating conditions» Leo[) high 
velocities s no scaling, etoo D will it be po~sible to realize overall 
coefficients of 800",,900 BQ'l'.U "/(hr 0 )(sq"!'t,, )(OF.) 

.. . The Andale Company gives the following tabla of overall 
JcoefnC1ent6 for 1/4 inch tubes based on many shop te,.tsmth ... ter: 

, 

Velocity 
(inside) 

ftoLs8.Co 

6 

6 

10 

10 

r 

~wlseo) 
~ 

, 

( 180 ) 

( l80 ) 

( 300 ) 

( 300 ) 

, 

Velocity Uo(baaed on 
(outside) outside area) 

ftoLsE!cQ, '£Sissel , .. ..2."T aU o/(hro)(sqJ!:P':., 

7 ( ZOO ) 660 

6 ( 180 ) 640 

7 ( 200 ) 790 

6 ( 180 ) 740 

" 
The following ahell ~id6 coerfici~nts are giveni 

!_t :159c 0 (mea:~ v.:'.l!l .~...:..~ .. U,J(hr .. ) (~~f:.") (OF 0) 

15 (360 om/sec) 2700 

7 (ZOO) 1550 (max, ) 

6 (180) 1200 

970 

The use ot two-pass exchangers and. bent tube 6xchnneers \\'a6 not 
recommended by either Andale or Schutte & Koertingfor the following 
reasons; 

1 0 ) The tubes contraot and expand unevenly", 

2 0 ) The tube size and spacing required for ~his case are 
too s~all for shop practioeo 

3 0 ) High velooities in bent tubes make the~ pull a~~y 
from tube sr~etso 
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4 0 ) Small stainless steel tubas ar~ difficult to band 
witllr;>ut davelopine; cracks ~ high viall stre'S'S6e and disLortion~) 

50} Tube bands are more readily erodedo 

6 0 } No appreoiable saving in h~ld-up oan be realized 
in the h0aders\~ 

" 
H6. Pumps in Headers ---- ........ -
Ths possibility of inoarporatint a pump in the exchanger 

headers to deorease hold=up vias br5.efly discussed with Andale and 
Sohutte & Koerting . engineers 0 They believed that it was quite possible 
for the header to serve as the pun~ impeller casing but pointed out 
that it would require the combined efforts of pump and exchanger. 
~nufacturerB to pr~sent a satisfactory designo 

• 
. Ths Anda13 Company felt reluctant to share the respona,ibility 

of the oombined unit operation and intUoatad that considerable. 
development 'Would bG l'equiI'6dc: 

Representatives of both camprn1s8 were of the opinion that th0 
problem 01' water distribution in the tubes would aoain be thl3 controlling 
factor in the' ~esigno . 

4,,) Sme.ll stainloss steel tubas arE; difficult to band 
wi thout dt:rvelopine; cracks $ high wall strst3"ses and disLortiono 

50) Tube bends are more readily eroded" 

6 0 } No appreciable saving in h~ld~up oan be realized 
in the headers" 

" 
H<:\. ~ps in Headers, 

Ths possibility of ino@rporatiD£ a pump in the exchanger 
headers to decrease hold=up vias bi"5.af.1y discusssd with Andale and 
Schutte & Koerting.engineerso They believed tr~t it was quite p06sib~ 
for -the headsr to serve as the pump impall<:ir casing but pointed out 
that it would require the oombined efforts of pump and exchanger. 
manufacturers to pr~6ent a satisfactory design" 

• 
. Tlw Andale Company felt reluctant to share the rsspons-ibility 

of the combined unit oparation and in(i:i.catad that oonsidarabl1j. 
development would be required",' 

Representatives of bothcamp&nio8 were of the opinion that th0 
problem of Vlater distribution in the tubes would a{1ain be thCt controllir1.g 
factor in -che- qesignn 

. / 
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DISCUSSION 
~~ 

Part II ~ Spiral Exchan~er6 • _ •• _~_ ".IUi==:Jr>'''' __ ~:'; __ '' 
_"'_~~:r:'~ 

Discussion with Mr 0 E <:> Cr9utz I> 01' the American Heat Reolaildng , 
Corporation lndicats$ that the use of spiral excha.ngsrs may be aatisi'actol7o 
Preliminary caleulations g although quite incompletG, ind:toate that it much 
higher ratio of square fect of .SL~race to cubio feet of liquid hold~up 
may be r6lilized with this type exchanger t~n ,dtn conventional types" 

Spiral exchangers can be made of any matarial y and many stain", 
less steel 6xohangera are in servioeD . 

Present manufacturing methods prevette making exchangers more 
tl~n 54 inches 10ng~ (See Figures 1Z~ 69 0 and LZA GS p and Amerioan 
Heat Reclaiming Bulletin in Appendix<:» 

1~he problem of preventing P=9 loss can be sat:isfaotor'ily 
handled by the use of naoE>rene gaBk~ts and welded sealing rooll &.t> sho'S'JD. 
in l"igure IJ(.A 69" &nd DlSlta:i.1 5" 

The maximv..m. overall transfer coef.ficients that can b!; realizaQ! . 
w~.thout developing excessive pressure drops with this type 01~ 6xoMIlge1' 
is of the ordor of '750 B"T"U,,/(hro)(sqofto)(OF,,) , 

The practica.l lower B.mit· to annulai:· spacing is. 3/8 incheso 
A typical-calculation f01" an exchanger with a. S/8ineh annular spaoing!) 
a mean temperature diffa1'en05 of 650 Fog and 1190 sq" ft" of heat 
transfer surfao® BhoW8~ 

Ao Velocity inside ell. 9055 ft./sec" ... 725 gal./min" 

Pressure drop inside ~ 40 Lb~sqoin" 

So Velocity outs~de ... 13 0 0 ftisec,) .... 815 galoj.'!dno 

Preaaura·drop outside s 55=60 Lbs"!sq.in,, 

Co Exchanger dia:meter s 47 inch'3s 

Do Tube side heattr&,nsfer coefficient "" 2220 le" T c U Ahr. )(f'l"d "t't" )«()-J.i\, ) 

Shell side heat transfer cOGftioiant ~ 1800 II II Ii 

Eo Overall heat transfer ooefficient ~ 600 f! 19 11 

Fo Metal wall thickness 9 12 U.8oGo ~ - = = 0 0 1072 inches 

DISCUSS JON 

Part II = Spiral Exchangers 
!It! >I> •• ~ __ .~"~'~ 
_~,... _. ~~C'~ 

Disoussion vnth Mr" Eo Creutz v of' the Amerioan Heat Reolaim.ing . 
Corporation :i.ndioa:l:ios ·;;ha.t tho usa of spiral exohllngs:rs may be 6at:i.sfactOl~yo 
Preliminary calculat;ions g although quite incompletG, indioate that a much 
higher ratio of square fect of ·surface to cubio feet of liquid hold-up 
may be rEtilized with this type exchanger t~ with oonventional types" 

Spix'al exchan~erB can be made of any ma.terial;> Blld many staln= 
less steel 6xchangera are in service" 

Present manufacturing methods prevetrt making exchangl11ra more 
than 54 inches long" (See Fir;ures r;l.A 69" and LZ~ 68;; and American 
Heat Reclaiming Bulletin in Kppendix o ) 

'l:ha problem of preventing P=~l loss can be satiafactol'ily 
handled by the use of neoprene ge.skets and walded sealing rodfJ a.& sho,;\rn 
in !"igure IJl.A 69 l> &nd D~ta:U 5" 

The; maximum overall tranat'er coeft'iciElnts that can bel realized! . 
wi.thout developing excessive pressure drops with this type oi' exchanger 
is of the ordor of 750 B",!,,,U,,/(hr,,)(sqofto)(OF,,) ... ' 

The pra.ctioal lowel' limit to annulai· s),o.oing is 3/8 inchefio' 
A typical <calculation for an exchanger with a S/8inc}1 annular SP~cing9 
a mean temperature differenoe of 66° F", I> and 1190 sqc ft", of heat 
transfer surface ahOW8$ 

Ao Velocity inside a. 9,,55 .fto/seco ,,, '725 ga.l./min" 

Pressure drop inside 8 40 Lb~aqqino 

Be Velocity outsi,de @R 13,,0 rt/aeo" Gi! 815 gale/mino 

Presaure·drop outside a 55=60 Lbso!sq.inc 

Co Exchanger diameter lEi 4'7 inchee 

Do 'l'ube aide heat .trenefer coefficient s;, 2220 !oXcUAhr')(flq<)t't,~}{O'F,,) 

Sh011 side heat transfer ooefficient '.3 1800 It II n 

Eo Overall heat transfer ooe~ficient ~ 600 
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Go Cubio feet hold=up in @xchang~s inoluding inl~t end 
outla~ ports and head~rs e 2300.ouo fto 

The use of 1/4 inch spaoing cuts the hold=up to 12,,4 ClU o .ft" 
in the 'spirals and 2 0 6 c~()fto in the headers and portso 

, 
Anothar .:type of apiral h!3~t exohanger oalled the Vota:tol' is. 

me.de by the Gird10r Corporation(. Inquiries are blaine me.d.\!! of them by 
mai~o' 

I 

=11= 

Go Cubic feat hold~,up in @xchange-rs il101uding inlet and 
outla~ porta and headcirs ~ 2300.ouo fto 

The use of 1/4 inch spacing cuts the hold""up to 12,:.4, eu o fto 
in the -spirals and Z 0 5 e~"ft <> in the headers and ports <> 

{ 

Another:typs of spiral he~t exchangar called the VotatOI' is. 
me.de by tp~ Girdler Corporation~ Inquiries are being me.d0 of them by 
mailo' 
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MAIN HEAO 

MAIN END JOINT DETAIL 

Re.-. ANDAL.!. MAT''-. ~p&.c.. No. E-4 

METHOD OF SPACING BAFFLES 

-A" 

.~ ..-.::Jl 

MATLI REMARKS 

I
III 
.J 
Z 

..... 
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> 

FLOATING 
HEAl> 

FLOATING END 
JOtNT DETAIL 

CONO. 
OUTLET 
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SECTION "A- A
TYPICAL TUBE LAYOUT 

18-8 STAINLESS STEEL 

SECTIONAL ASSEMBLY a MAT'L LIST 
ANDALE VAPOR CONDENSER 

TYPE 206S 

ANDALE CO. 
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JoiNT DETAIL 

CONDo 
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SECTION ·A- A
TYPICAL TUBE LAYOUT 

18-8 STAINLESS STEEL ANDALE CO. 
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Desiga aad Ope .. alioa 
The principle of waste heat recovery from liquids and gases is not 
new. but the Spiral Heat Exchanger oHers a completely new de.sign. 
which has shovl11 economies hitherto unobtainable with other types 
of heat exchange equipment. 

While the majority of heat exchangers are of the tubular type. the 
Spiral type employs specially rolled plates. so placed. one within 
the other. that two separate passagec; are formed. in which the 
media flow 01 Ihe most economical speed. either contra or cross 
current in the manners illustrated in ligures 4. S. and 6. 

When calculating a Spiral Heat Exchanger for a certain purpose. 
the length and the cross section of the two pClssages are so chosen 
that both media obtain the most ide:)\ !low conditions. 

Seallag, 
The ends of the spiral are kept light by means of ga:ikets of suitable 
material. pressed against the apparatus by means 01 lIat steel 
covers. These covers are bolted to flanges welded to the heat 
exchanger. See figure I. 

If operating conditions require. <-ne cl the two passages h; welded 
tight alone side and the other pa;;sage at the opposite side. This 
design leaves one passage on each side IQr inspection and cleaning 
if required. The soaling is completed with qaskets and flat steel 
covers as described above. Seo figurp 2. 
In the surface condenser, the liguid passage i,; mode light by means 
of U-shaped rubber, packing. This packing is kopt in place by 
means of a "Spiral Cover". See figure 3. 

Types 01 Spl .. al Beal Exchaage .. s 
There are throo gcmeral type!; 01 Spirerl He'll ExcnnncjPr, udequate 
lor practically all industrial pwce..,,, f(,quin·:nenb. finr>f1y ()ullin(>d 
and illustrated hC'win. they ore as fol~,w.";; 

TYPE I .. rigur£) 4 

Liquid to liquid heat e:xchanq<'l'. The c, .. HJi;nq m.,dHlltl pntl!'S Ill(' ouler 
passage at the periphery, abs.):bs Ih". I-t. fI!. m; 1 It'nvc;, Ihe: uppal' 
alus 01 the c.cnh~r, The huntin' j mr·<lIll,.l !.:m. l. tnL' Ill~(llt!r (II thc 
center. flows through 11w inn",r ::H.t: ,': .:ld INtvp; (I! Ih(' peripherY. 

The contra lkw princif'lc: is !,(!.j.:( II'! ull:!z(·d III t!,;" C;I I!. 

TYPE II Fiqurr' 5 

Surface C,)I1'!(~n_" r. Fe,r' ',,](I"I1 .. ;n<; 
operated on til!.. cr(A.~, fhw F' nCil·l· 

TYPE 1Il_Y-lqUf(' 6 
Sur/ace conn. n. "r. (.:)11' II lJ' . .,/ t·ll,'. 
ollho heal ex' h'u'q L '1 Ill'. UH".fll',. 
Iiquids.uliJizillq •• tl1, rlll'.l. .11' .ll. :" 

The "I('UII1 Ilr : I,·U": >."1 'III 1I1P .. ,·j 

oxchunq .. r. Tllf- j·;I'li:,· j, :.', ur.u'.'1t 
maintained Illl""!'J1. th!' pW'.'U'-JL'. 

~\\r.:L 

.i •• L: 'f" .i {u(;jin'J of ":i,L 

': qH {·.1~f".·, t~t lh,· 1.li 

II ','/ 'I "r! ! r l'''(;'mq 
.h '1' ( UUXlf:'f" t'i. .. 

I " J' 'h,· 1,,·0I! 
~;1'14 .rl tnut "·"}f,(I I., l~ 
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. Design and Ope .. alion 
The principle of wasle heat recovery from liquids and gases is not 
new. but the Spiral Heat Exchanger offers a completely new de,sign. 
which has shovm economies hitherto unobtainable with other types 
of heat exchange equipment. 

While the majority of heat exchangers are of the tubular type. the 
Spiral type employs specially rolled plates. so placed. one within 
the other. that two separate passage., are formed. in which the 
media flow at the most economical speed, either contra or cross 
current in the manners illustrated in ligures 4. 5. and 6. 

When calculating a Spiral Heat Exchanger for a certain purpose. 
the length and the cross section of the two passages are so chosen 
that both media obtain the mest ide:!l flov; conditions. 

Sealing. 
The ends of the spiral are kepi light by means of gaskets of suitclblc 
malerial. pressed against the apparatuB by meanB of lIat steel 
covers. These covers are bolted to flanges w~lded to the heat 
exchanger. See figure I. 

If operating conditions require. <..ne 01 the two passageB is welded 
tight at one side and the other pa'>sage at the opposite side. This 
design leaves one passage on each siclf) for in~;pr.'ction and cleaning 
if required. The sealing is completed with qaskets and lIat steel 
covers as described above. Sec ligurf' 2. 

In the surface condenser, the liquid pnssaqe it; mode light by means 
of U·shaped rubber packing. This packing is kept in place by 
means of a "Spiral Cover". See figure 3. 

Types 01 Spi .. al Beal Exchange .. s 
There are three general types 01 SptrClI Herll Exchnn(jr'r, adequate 
lor practically all industrial Pf()CC--.,; f('quir'·ment;. Bw,lly outlined 
and illustrated hNC'in. they ow as fol~.w.v: 

TYPE I • Figure 4 
Liquid to liquid heal uxchanCJ(·r. The cuoi;nq m.nltlHl Plltl'rs tIl(' ouler 
passage al Ihe periphery. absr):bs th" ~l' fl\ ill: : Il·t1vc. the uppar 
alus at the c.enlf'f. The hc(!l!n'I m"'lltll,l (:1.\. I. In<.: lwutcl' 01 the 
center. flows through the inn:::r : ;1\..t ,.; .wl leclv" , (lj th£' periphery. 

The contra fkw princir,iE: is :;'1;1,,( !iy u\l:lz(·d III :!,;" LeI (!, 

TYPE lJ __ ~ql!':!' ~ 
Sudan! cundnrl.1I r. Fr,r' ,,1(,. 'lI .. ;!l'J 
operated on Ila. cr,,~.f.ILw F' nell,l". 

Surfocr- cono. 11; "r. (,;)11' (J lJ··VI IVl,'. ';' ~."t {·.t~j· •. \~t Ih.· 1.}; 

1 II "/ 'I •. (j t r ""';'mq 01 the ht·ot (.oX' h'w(j •. 'I til'. U!'id.nt',. 
liquids. utilizilq "th, r ft,· ,h .1" (1), : .. 

The ~,I('unl <!r : I"U': ,.".j '1" 1I1P ... ·j 

oxchungpr, TlI .. j·lt·li~,· i. :.'. ur.u'.'I<·, 
mainlained th ..... l<jl. thO' j)tt: •. ,u~,-" 

,'t i •.• ·1'( ill'xlnq .. f'; •. .. t'd : i' . ~ 'h,' tHollt 
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rood Pl'oeessing 
Heating. cooling and pasteurization of tomato pulp (catsup), fruit 

juices. syrups. oils and vinegar. etc. 

Figure 7. Spiral Heal Exchanger for cooling of tomato pulp by 

means of city water in a packing company. 

Design see figure 4. 

Palp Manalaelal'e 
Acid Heaters. Relief Coolers. Condensate Coolers. Prehealers for 

black liquor. 

Figure 8. Spiral Condenser lor cooling 01 SOc gas. Material: Acid 

resisting steel. 

/' 

Design see figure S. 

SagaI' Indasll'Y 
Juice Heaters. Heat Exchangers for Steffen wasle. Liquor Heaters. etc. 

figure 9. Spiral Heat Exchanger for heating thin sugar liquor by 

means 01 vapor from the multiple eUect evaporation plant. 

Design see tiqure 6. 

Genel'al 
Breweries. Distilleries. Dye Works. Chemical Plants. Oil Coolers. 

Coolers for oleum. Sulphuric acid. 

Malel'ials 01 Consll'Belion 
We manufacture Spiral Heal Exchangers Irom all the usual mater· 

inls. nnd uhm from (I wid .. rC1I1CJe of sp('ci~t1 cllloys to resisl corrosion 

or to pr"vl'lll cunlmnil1oliof1 01 the products hCllldled by Ih.heell 

excbcl.I1CJer. 
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CippLi£a1Wn. 

Food Processing 
Heating. cooling and pasteurization of tomato pulp (catsup). fruit 

juices. syrups. oils and vinegar. etc. 

Figure 7. Spiral Heat Exchanger for cooling of tomato pulp by 

means of city water in a packing company. 

Design sec figure 4. 

Pulp Manulaclure 
Acid Heaters. ReHel Coolers. Condensate Coolers. Prehealers for 

black liquor. 

Figure 8. Spiral Condenser for cooling 01 SO~ gas. Malerial: Acid 

resisting steel. 

Design sec figure S. 

Sugar Indusll'Y 
Juice Heaters. Heat Exchangers for SteHen waste. Liquor Healers. etc. 

figure 9. Spiral Heat Exchanger for heating thin sugar liquor by 

means 01 vapor from the multiple eUect evaporation plant. 

Design sec figure 6. 

Genel'al 
Breweries. Distilleries. Dye Works. Chemical Plants. Oil Coolers. 

Coolers lor oleum. Sulphuric acid. 

Malerials 01 Consll'uclion 
We manulaclure Spiral Heat Exchangers from all the usual maier· 

iells. (l1H1 ulso from (I wid" rOIlCj(' 01 sp('cit'tI alloys 10 resist corrosion 

or t() pr,'vl'lIt conlaminolion 01 the products h(lIJdlt~d by th.heell 

L'xchCl,l1qer. 
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OPERATING ADVANTAGES 

/"" 

1.. IUGHER HEAT TRANSFER. The design permits the spiral passages to be so 
dimensioned that the most economical flow of the healing and cooling media 
can be obtained. The added eUect of perfect contra-flow conditions contribute 
to the high performance of the Spiral Heat Exchanger. 

1. 

3. 

4. 

5. 

6. 

1. 

·~OW PRESSURE DROP. Absence of sharp bends and other obstructions such 
as baffles. results in low operating costs for the same high performances. The 
pressure drop is effectively utilized for heat transfer. . 

COMPACTNESS AND LOW WEIGHT. Because of the compact design of the 
Spiral Heat Exchanger. great savings in spaco and weight are possible; 

GREATER WALL TlUCKNESS. Particularly advantageous for corrosive condi
tions. the Spiral Heat Exchanger incorporates a wall thickness grealer than 
that which is generally used in the conventional types 01 exchangers. 

ACCESSIBILITY. The r,emoval of the end covers exposes the heating surface 
to inspection. Cleaning can easily be accomplished by washing with cnemical 
solutions, or mechanically if required. 

NO MIXI}JG OF MEDIA. Because the seals are effective and easy to keep 
tight. no mixing of the media passing through the spirals can take place. 

EASY TO KEEP CLEAN. Heating suriace can be cleaned by pumping hot 
water. possibly containing some suitable chemicaL through the heat exchanger. 
The high and even . velocity of the media flowing through the Spiral Heat Ex
changer. minimizes the risk of scale formation and accumulation of impu.rities 
on the heating surface. When handling severely scale forming liquids where 
scaling is unavoidable. the exchanger is designed with comparatively large 
spacing within narrow width to facilitate cleaning by means of mechanical tools. 

B. MINIMUM RADIATION LOSSES. In the Spiral Heat Exchanger. the cooling 
medium enters at the periphery and the hot medium at the center. Therefore. 
the radialion losses are negligible and the apparatus is easier to handle. 

9. 

10. 

NO SCALING. The tendency to scale is substantially reduced by com para
,lively high velocity of the. liquid and intense turbulence created by the spiral 
flow, which in the Spiral Heat Exchanger remains constant at every point and 
during the whole process of flow. I, 

RAPID TEMPERATURE CHANGE. The design of the Spiral Heat Exchanger 
permits a high and even flow velocity. This prevents the liquid handled' from 
"burning" and permits an exceptionally fast temperature rise. 

The above point is essential. for instance, in the food and other industries. 
where clcse temperal!lre control is vitally essential. 

Tbe compactness of the Spiral Heat Exchanger makes it possible to install the same in places 
where the conventional type of heat exchanger cannot be installed. 

The efficiency of the Spiral Heat Exchanger makes it possible to recover waste heat where 
heretofore it has been considered uneconomical 10 use heat recovery apparatus. 

The Engineering Department of th.e American Heat Reclaiming Corporation will be glad to 
help solve your heat transfer problems. 

1 
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7 Spiral Heat Exchangers 
ready for shipment to a 
sulphuric acid plant for 
cooling oleum. 
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OPERATING ADVANTAGES 
1.- IDGHER HEAT TRANSFER. The design pennits the spiral passages to be so 

dimensioned that the most economical flow of the healing and cooling media 
can be obtained. The added effect of perfect contra-now conditions contribute 
to the high performance of the Spiral Heal Exchanger. 

1. 

3. 

4. 

S. 

6. 

7. 

I,.OW PRESSURE DROP. Absence of sharp bends and other obstructions such 
as baffles. results in low operating costs for the same high perfonnances. The 
pressure drop is effectively utilized for heat transfer. . 

COMPACTNESS AND LOW WEIGHT. Because of the compact design of the 
Spiral Heat Exchanger. great savings in spaco a~d weight are possible. 

GREATER WALL TlDCKNESS, Particularly advantageous for corrosive condi. 
tions. the Spiral Heat Exchanger incorporates a wall thickness greater than 
that which is generally used in the conventional types of exchangers. 

ACCESSIBILITY. The r,emoval 01 the end covers exposes the heating surface 
to inspection. Cleaning can easily be accomplished by washing with chemical 
solutions. or mechanically if required. 

NO MIX~G OF MEDIA. Because the seals are eflective and easy to keep 
light. no mixing of the media passing through the spirals can take place. 

EASY TO KEEP CLEAN. Heating surface can be cleaned by pumping hot 
water. possibly containing some suitabJe chemical. through the heat exchanger, 
The high and even 'velocity of the media flowing through the Spiral Heat Ex, 
changer. minimizes the risk of scale formation and accumulation of impwities 
on the heating surface. When handling severely scale forming liquids where 
scaling is unavoidable. the exchanger is designed. with comparatively large 
spacing within narrow width to facilitate cleaning by means of mechanical tools. 

8. MINIMUM RADIATION LOSSES. In the Spiral Heat Exchanger. the cooling 
medium enters at the pe.riphery and the hot medium at the center. Therefore. 
the radiation losses are negligible and the apparatus is easier \0 handle. 

'9. NO SCALING. The tendency \0 scale is substantially reduced by compara
,tively high velocity of the, liquid and intense turbulence created by the spiral 
flow. which in the Spiral Heat Exchanger remains constant at every point and 
during the whole process of flow. " 

10. RAPID TEMPERATURE CHANGE. The design of the Spiral Heat Exchc:mgEH 
permits a high and even' flow velocity. This pre'lenls the liquid handled from 
"burning" and permits an exceptionally fast temperature rise. 

The above point is essential. for instance. in the food and other industries. 
where close lemperat!Jre control is vitally essential. 

The compactness of the Spiral Heat Exchanger makes it possible to install the same in places 
where the conventional type of heat exchanger cannot be installed. 

The efficiency of the Spiral Heat Exchanger makes it possible 10 recover waste heat where 
heretofore it has been considered uneconomical to use heat recovery apparatus. 

The Engineering Department of th.e American Heat Reclaiminq Corporation will be glad 10 
help solve your heat transfer prob'ems. 
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\-APOR TIGHTNESS. 
:\ condenser must he I'Ompletely tight on the gas side. 
There is no such rating as "percentage of tightness" in dealing 

with gases and \·apors. In most stiuations, at any time when a 
condenser is not tight on the gas side it must be out of action. 

In Andale rules of construction. note the following:-<.;as 
joints and water joints are entirely separate.-holts. glands and 
packings. Gaskets on gases. vapor anti cOndens.1te are always 
of the confined pressure type; tongue and groove. All seals 
are accessible. No gasket is buried. 

If any leak occurs it is located more easil~', tightened easily, 
and its tightness can be checked and proved easily. 

All Andale vapor condensers are vented from the underside 
of the main tube sheet. (see h), to prevent accumulation there 
of entrained air. released from the water,-which otherwise 
would favor corrosion. ami would have an insulative effect. 

The illustrations are not to scale; they are diagrammatic. 
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e. 
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part of the high main head. b. main head vanstone. 
gasket on the gases or vapor mixture; confined type; 

tongue and groove type. 
gas gasket groove. in main tube sheet. 
main head flange; rugged. 
main tube sheet. 
tubes; expanded into tube sheet; metal to metal ioint; 

belled. 
vent, through main tube sheet from water side; to prevent 

accumulation of occluded gases released from the 
water; (to be piped and always open). 

drain. through lower tube sheet; piped through a free hole 
in head flange. ,For complete drainage of shell. Open 
only when draining. 

gasket on the water. 
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k·1. upper end of shell. k-2. lower end of shell. 
m. drain hole from water path. 
n. packing box, on water only; to side of floating tube sheet. 
p. packing, on water only. 
q. gland; rugged. 
r. floating tube sheet. 
s .. gas gasket groove. in ftoating, tube sheet. 
t. gasket, on the discharge vapors and condensate; confined 

type; tongue and groove type. Any leak shows to 
atmosphere. 

u. ftoating head tongue. 
v. floating head (one type), on Iloating end of tube bundle; 

on discharge vapors and condensate. ' 
tituds and bolts, separate sets on water and on gas, are not 

shown completely. Th,eir positions are indicated clearly. 
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\'APOR TIGHTNESS, 
A condenser must he mmpletely tight on the gas side. 
There is no such rating as "percentage of tightness" in deating 

""ith gases and vapors. In most stiuations. at any time when a 
condenser is not tight on the gas side it must be out of action. 

In Andale rules of construction. note the foltowing:-(;as 
joints and water joints are entirely separate.-bolts. glands and 
packings. Gaskets on gases. vapor and condensate are always 
of the confined pressure type; tongue and groove. AI1 seals 
are accessible. No gasket is buried, ., . 

If any leak occurs it is located more eaSily. tlgh~ened eaSily. 
and its tightness can be checked and proved eaSily. . 

All Andale \'apor condensers are \'ented from the undersllic 
of the main tube sheet, (see h). to pre\'ent accumulation there 
of entrained air. released from the water.-which otherwise 
would favor corrosion. and would have an insulative effect. 

The illustrations are not to scale; the}' are diagrammatic. 
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c. 
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e. 
f. 
g. 

h. 
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part of the high main head. b. main head vanstone. 
gasket on the gases or vapor mixture; confined type; 

tongue and groove type, 
gas gasket groove. in main tube sheet. 
main head flange; rugged. 
main tube sheet. 
tubes; expanded into tube sheet; metal to metal joint; 

belled. 
vent, through main tube sheet from water side; to prevent 

accumulation of occluded gases released from the 
water; (to be piped and always open). 

drain. through lower tube sheet; piped through a free hole 
in head flange. ,For complete drainage of shell. Open 
only when draining. 

gasket on the water. 
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k·l, upper end of shell. k·2. lower end of shell. 
m. drain hole from water path. 
n, packing box, on water only; to side of floating tube sheet. 
p. packing, on water only. 
q. glan~; rugged. . 
r. floatmg tube sheet. 
s .. gas gasket groo\'e, in fioating.tube sheet. 
t. gasket, on the discharge vapors and condensate; confined 

type; tongue and groove type. Any leak shows to 
atmosphere. 

u. floating head tongue. 
\'. floating head (one type), on !loating end of tube bundle: 

on discharge vapors and condensate. . 
studs and bolts. separate sets on water and on gas, are not 

shown completel}·. T~eir positions are indicated clearly. 




