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~ ' I, INTRODUCTION

The Andale Company, the Schutte and Kosrting Company
and the American Hset Reclaiming Corp. were approached with
ths problem of comsiructing a leak-tight steinless steel liquide
liguid heat exchanger having as small & liquid hold-up as possible.
“he operating conditicns considsered were: '

Shell side - sof't weter entering at 59° F (18° C).

Tubs side « a liquid with physical properties
very much the same as water, specific
gravity ebout 1.35, and containing
solid particles 10-100 microns in
diemeter, entering at 2300 F (110° C)

) and leaving at 122° F {500 C),

Yelocitiss = as high as possible to increase the
rate of heat transfer, ‘

Working Pressure - 50-75 Lbs/sq.in.

This memorendum is a summary of the fects and opinionsg
obtained from the three manufacturers in regard to constructing
‘and operating an exzchanger that would meet the given conditions.
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II, SUMMARY

A single peass tubular heat exchanger w*th straight 1/4 inch
(18 B.W.G.) tubes rolled and expended into tube sheets can be constructed
and operated under ths conditions predicated by a homogeneous pilec
The following dimensional and operatlnb llmitationa are recommended by
‘the manufacturerss : :

T\Abe B}p&cing; nooooor;oc;no»oar;ooooao':znnao_ooa 3/8 iﬂch centersg
: - %rienguler array
Tube sheots cococsvocoosoooscsscsscacnsans ONG fixed and one floating

B&ffles_ D2POT AL OODUNDIJIOOICQUDIDIPLOOTO OHO0DQ semnt&l

’

+ Maximum tube len»gth acoooaoao@oooonn‘ooooo 10 feet
Maximum velocity through tubes coceccooas 10 ft%/seco
Maximum velocity through shell.ceesssncee 6=7 £to/50C,

The manufacturers’ opinion varied considerably regarding she
sllowable unsupported tube lengtl; one recommendsd 8 inchesg the other
18 inches, .

The use of single grooved tubs shests w;th expanded tubes is
the most satisfactory method of preventing Pa9 loakago .,

Preliminary calculations indicate that the amount of cooling
water required will result in excessive shell side velocities; double
weter exzts and @ntrances mey alleviate this condition,

The best overzll heat tranafer coefficient expected for =
" tubular heat exchanger is 800 ¢ 5¢ BoToUo/Khr)éQOft)(oFo)

Stainlecs steel spiral hest exchangers cen be made with a
3/8 inch ennulus and 54 inches long. Preliminary calculations indicate
aliowable -velocities are limited by the high pressure drop 1nherent in
this type of exchenger.




131. DISCUSSION

Part I - Tubular Heat Exchangers

A. 7Tube Size and Specing

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

1,) L/4=inch stainless stsel tubes can be satisfactorily
put into tube sheets on 0.375 inch centers.

2,;) 3/16-inch tubes are below the practical limit for
shop fabrication for tubular exchangers, although they can bs used in
lengths less than 5 feet long and spaced not less than 0.375 inches
apart. : '

3.) The meximum alloweble length of 1/4-inch stainless
shesl tubes is 10 ft. Thie limit is predicated by the bowing end
twisting of long tubes,

, , 4,) For protection against erosion, 18 B.W.G. is the
lower 1imlt for tube thickness - 14 B.W.G. being preferred. (Erosion -
at the ends where cold working has occurred during the expanding

. process will be a critical factor in determining the 1life of the

exchanger.)

5,) Further anuealing of the steinless steal tube,énds
is not recommended because cf the distortion and loss of strength likely
to result, ‘

B, Tube Sheets and Tube Expanding

Both Schutte & Koasrting and Andale agree that:

1,) Because of the high stresses developasd at the tube
ends with the given temperature differences, fixed tube sheets are not
suitable., However, this type sheet could be used with bowed tubss or sn
expanding shell.(See Figure LZ-D70 - Details G and E).

Z.) COne fixed and cne floating tube sheet will be
setisfactory. '

_ 3.) 1/4 inch tubes "drifved" end eupanded into grooved
holes in a single rather than a double tube sheet will give tight
cennections, ' '



4,) The tubes and tube sheets should be made of the
same'materi&}o

6.) Using extended tube sheets independently bolted to
the head and shell (see Fige 3-4229) facilitates the removal of the
tube bundle, should this cperation be necessary. :

The Andele Company recommsnds the following stainless steel
tube shest thicknesses {or 125 1bs. working pressure:

Shell Diameter, in, Qube Sheet Thickness, in,
Fixed Sheet : Fioating Sheet
8 1/4 | 1 11/4
10 1/8 1 1/8 1z
15 5/8 | 11/ 1 /2
20 1 3/8 - 11/2

The ebove figures include factors of safety for corrcsion,
erogion and strength. 7The S, & XK. Co. follow the specifications given
in Tubular Excheanger Menufacturere Association. The floating tube
sheet is thicker than the fixed tubs sheet because the former contains
the stuffing box packing gland. Preliminary calculations indicate
that decrezsing the tube sheet thickness to reduce hold-up is impractical
since & 1/4 inch reduction in thickness dacveaaes the holdcup in 1400
tubes 8 feet 1ong by only 0.%%.

The Andale Company prefers the use of forged steel tube sheets -
to cold rolled ones for the following reascons:

1.) The forged steel tube sheets have greater tensile strength.
2,) Tubes can be worked without working the tube sheet .
3.) ¥o cracking of the ligaments is likely to occur.

The Schutte & Koerting Company prefers the use of cold rolied
tube shests.

Welding the tubss to the tube shset is impossible witﬁ small
tubes on close centers because there is neither. enough space between
tubee nor enough metal in the tube walls,
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The Andale Company recommends the use of a false or blank
tube sheet at the erntrance of the tubes to help decrease erosion at
the tube ends, (See Detail D, Figure iZ-D70). This sheet would not
completely prevent erosion but would lessen it considerably. :

-

Co Shell

The Andale Company recormends the use of cast iron ahell§ )
when using water, The shell should be bored and machined on the iuside
for close baffle to shell fits and minimum tube side pressure drop.

A 1/32 inch baffle to shell clearance is recommended. The use.of
impingement plates inside the shell at the inlet water nozzle is nob
required unless high velocities and dirty water are u&edo‘ The use of
@ continuous shell venting system is essential, (See Figure 1Z-D70 -
Detail A). : B

The Schutte & Koerting Company have no recomnendstions as to
the material of construction for the shell. '

D, Baffles - Baffle Spacing

' The Andale Compeny recommends the uss of segmental baffles
instead of orifice baffles due to the low wvelocitiss obtained with the
latter, To prevent bi-metel couple action between baffles and tubes,
both should be made of the same meterial, It is possible to cub
bvaffle-tube clearances down to & few thousanths of &n inch. The
limiting factors are allowable cross leakags, tube diameter irregulatiries,
and distortions prcduced in tubss when expanding into tube sheets.

~ The Schutte & Koerting Company recommends a 1/64 inch baffle-
tubs clearance in sccordance with T.E.M.A. ¥ standards.

. . The Andale Company prefers a meximum baffle spacing of 4 inches
and an unsuppoerted tube length of 9 inches, whereas the Schutte &
Koerting Company belleves as much as 18 inches of unsupported tube can
be tolerated. Minimum beffle spacing depends entirely upon allowable
pressure drops. Excessive baffle spacing not only allows tube "bowing”
but creates -"shaded" or dead apaces of low liquid velocities,

“Tubular Exchanger Manufacturers Association



. Baffle thickness depends upon corrosion rates, strength
and sholl diameter., The Schutte & Koerting Company prefers T.E.M.A.
svendards, whereas the Andale Company recommands the following for
stainless steel balffles:

Shell Diameter - iz '. Baffle Thickness = in,
8 : 116
15 ' | 3/32 -
20 - | 1/8

Ardale cften recommends Phenolits ccmposition baffles and
for each of the above diameters, a 1/4 inch thickness is desirable.
Phenolite is a phenoleformaldehyde resin that is light, inexpensive,
has a low cosfficient of expansion, is corrosion resistant and does
net swsll appreciablyo '

To prevent by-passing the water around the tube bundle into
shell-bundle free space, the Andele Company and Schutte & Koerting
recommend the use of circular tie rods rather than strip segments.
Andele recommends Pherolite rods. Rods are more readily attached to
the bundles and facilitate removal of the bundle. Figure G-4229% shows
the detail end arrangement of this type of comnection,

The Andale Company rocomnends a baffle design such that the
water velocity through the cutdowa is 75=80% of the velocity bstwsen
the baffles. Thls dosign appreciably decregses the shellside pressurs
drop without noticeably affecting the shell side coefficient. Fre-
liminary calculations by Andale engineers show that the shell side
prassure 4rop 1% quite sensitive to baffle design.

N

E. Hoader Design

Preliminary calculations indicate that 75-80% of the liquid
hold-up will occur in the headers. Consequently considersble time was
iver to header design. There srse no definite conclusions, as .
numsrous calcgulations must be made before = header design with minimum
hold-up can  be presentei. It was agreed by all manufacturers thet the
limiting factor is the distribution of ths fluid through. the tubes,

The lower the welocity of ths fluid in the head just before entering the
tubes, the better the distribution will bs.

The header design is independent of the type of tube sheet;
ths insids heeder diemeter is slightly larger than the diameter of the
outer tube gircle. (See Figurs G-4229), Beth Schutte & Koerting end
. Andale believe it possible te bring the inside wall of the header %o
within 3/4 inches of the tube circle at the Fixed tube sheet. At the
fleating head end, snough room must be left for the tongue and groove
joint (See Figurs LZD-72)which insures against P-9 leakags.
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The Andale Compeny recommends a side entering noszle _
{spe G=4229) with a flat cover plate on the header. They believe that
curved surface headers, venturi nozzles at the top of the header, and
impingement plates ave not prectical. Thus the header depth becomes
s function of the nozzle diameter, the welding procedures used, and
the thickness cf the header flanges. Regardless of design, the headers
muet be stainless steel and the header flanges designed eccording %o
Americen Standards Association (125 1b. rating) stendards.

. The Schutte & Koerting Compeny bLelieves nozzles on the side
of curved headers can be ussd. They also believs a nozzle entering at
( the top and & perforated impingement plate can be used. In either case,
e minimum heeder depth of § inches is neceasary.

‘ ' The expansion end contraction losses constitute 95% of the total
lozs of pressure in the headers,

P. Dosign Goofficients - Velocitiss

The Andale Company end the Schutte & Koorting Company |
agree on the following, 901ntB,

1.) The maximum allowable cooling water veloclily ccross
1/4 inch tubs bundles is 6-7 fte/S@co This figure is not besed upon
pressure drop limitetions but upon-the fact that considereble vibration
cccurs in the bundle when higher velocities are encountered. Preliminary
caleulations indicate & water velocity of 15-20 ft./sec, for e 59-167° P
(16=76° C) cooling water rise. It may Le necessary to do one of three
tnings %o decrease this velooity: = -

i

1s Use more exehangorac
2, Use & much higher outlet water temperaturs.

‘3. Use a double wmter-cooled shell as shown in
- Figure LZ-D 71, This would divide the bundle
" into two parts with two cold water inlets and
in effect be two small exchangers.

2.) The maximum tube velocity for this particular
application is essentially a function of erosion rates, A maxinum
velocity of 10 ft%/seco is recommended. Howsver, Sghutte & Koorting
believed a higher velocity might be realized if testing showed that
ssvers erosion et the tube entrance did not occur and gxcessive
prossure drops were 1ot encountered in 1/4 inch tu.bes0



3,) Only with extremes operating conditions, i.e., high
velocities, no scaling, etec., will it be possible to reali?e overall
coofficionts of 800-900 B.T. Uo/(har, ) (sg.8%. ) (°F, )

: The Andale Company gives the followlng table of overall:
ﬁgoefficienta for 1/4 inch ubes based on many shop tests with water:

(

V@iocity Velocity . Ug(based on
(inside) : | (outside) outside area)
£6,/s0cs _ (omfsec) fﬁq/seco" @mq{seq) B BcTan/%hre)(sqixa)fFa

6 ( 180 ) T ( 200 ) | 680

6 (o) s , ( 180 ) 640

10 ( 300 ) 7 '( 200 ) ) 790

10 ( 300 ) 6 - (180 ) 740

’ ~

-

. The following ahell'giée coefficionts are givens

£t./seco (meen vel,) B.T.U,/(br.)(sq.tt.)(°F,)
15 (360 em/sec) . . 2700
7 (200) 1550 (max.)
6 (180) | 1200
3.4 (s0) $70

Go Multi-Pass and Bent Tubé Exchangers

The use of'two=paau exchangers and bent tubs exchange?s was not
recommended by either Andale or Schutte & Koerting for th@ fo¢low1vg
roasons:

1,) The tubes contfact and expand unevenly.

2,) The tuve size and epaclnv required for this cese are
too small for shop practzceo

3,) Hipgh velocities in bent tubes meke them pull away-
from tube shsets,



4.) Small steinless steel tubss are difficult to bend
without developing cracks, high wall streeses and distortion.

5,) Tube bends are more readily eroded.

6.) No apprecieble saving in hold-up can be realized
in yye hoaders. , : -

Hs Pumps in Headers

The possibility of inoergorating a pump in the exchanger
headers to decrease hold-up was briefliy discussed with Andals and
Schutte & Koerting engineers. They believed that it was quite possible

for the header to serve as the pump impeller casing but pointed out
that it would require the combined efforts of pump and exchanger.

- menufacturers to present & satisfactory design.

- "The Andele Company felit reluctant to share the responsibility
of the combined unit operation and indicated that considerabis
development would be resqguireds

Representatives of both compenies were of the opinicn that the
problem of water distribution in the Gubes would again be the controlling
factor in the design.
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DISCUssSIoN
B e RS T
Part I7 <« Spiral Exchangers
. Discussion with Mr. E. Creutz, of the American Heat Reclaiming

Corporation indicetes that the use of spirasl exchangsrs may be satisfactory.

Preliminary calculations, although quite incomplete, indlomte that a much

higher ratio of square feet of surface to cublc feet of liquid hold-up

may be relized with this type éxchenger *han witn conventionasl types.
Spiral exchengers can be mads of any material, and many stain-

less stesl exchangers are in service. ‘

Present manufecturing metheds preovent meking exchangers more
then 54 inches long. (See Figurss LZA 69, and LZK 68 and American
. Heet Recleiming Bulletin in Appendix.)

The problem of preventing P=9 loss can be setisfactorily
handlsd by the use of nsoprenc geskets end weldetd sealing rods as shown
in Pigure LZA 69, and Detaill 5.

The maximum overall transfer coefficients thet can be realized .

without developing excessive pressure drops with this type of éxchanger
is of the order of 750 B.I. Uo’(hr 1(5q.ft. ) (OF,) .

Ihe practical lower limit to annular spe.cing is,%/s inches.
A typical -calculation for an exchanger with a a/g'inCh ennular specing,
s moen temperature difference of 656° F., and 1120 sq. £t. of heet
transfor surface showss
A, Velocity inside = 9.55 Pt./sec, = 725 gglu/hina
Pressure drop inside = 40 Ibs/sg.in.
B. Veloéity outside = 13;0 Tofsec, = 815 gal./min,
Pressure -drop outside s 55-60 Lbs./sq.in.
Cs Exchenger diameter = 47 inches

D. Yubs side hsst trensfer coefficient = 2220 EaTcUg(hrc)(gqofta)(oFo)

' ' Shell sidé heat transfer coefficient = 1800 " "

\

E, Ovorall hea transfer coefficient = 800 ¢ oow "

F. Metal wall thickness = 12 U.Snﬁo - = = « 0,1072 inches



=lle

G, Cubic feet hold-up in exchangers including inlet and
outlet ports end headers = 23.0.cu. fto

The use of 1/4 inch spacing cuts the hold-up to 12.4 cu. ft)
in the spirals and 2.5 cu.f%. in tha hoaders and ports,

,Anotnarvtype of spiral hea» exchanger called the Votator is.
mede by the Girdler Corporation. Inquiriss are being mede of them by

mail,’
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OPEN CHANNELS WELDED CHANNELS NPIR {1 .0V ER

The principle of waste heat recovery from hquxdq and gases is not
new, but the Spiral Heat Exchanger offers a completely new design,
which has shown economies hitherto unobtainable with other types
of heat exchange equipment.

While the maijority of heat exchangers are of the tubular type, the
Spiral type employs specially rolled plaies, so placed. one within
the other, that two separate passages are formed., in which the
media flow at the most economical speed. cither contra or cross
current in the manners illustrated in figures 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 most ideal flow conditions.

The ends of the spiral are kept tight by means of gaskets of suitable
material, pressed against the apparatus by means of flat steel
covers. These covers are bolled to flanges welded to the heat
exchanger. See figure 1.

If operating conditions require, cne ¢l the two passages is welded
tight at one side and the other passage at the opposite side. This
design leaves one passage on cach side for inspection and cleaning
if required. The sealing is completed with gaskets and. flat steel
covers as described above. See figure 2.

In the surface condenser, the liquid passage is made tight by means
of U-shaped rubber. packing. This packing is kept in place by
means of a “Spiral Cover”. See figure 3.

Types of Spiral Heat Exchangers

There are three general types of Spiral Heat Exchangers adequate
for practically all industrial process requirements.  Briefly outlined
and illustrated herein, they are as followar

TYPE I - Figure 4

Liquid to liquid hea! exchanger. The cooling medium enters the outer
passage at the periphery, absmibs the heat, an ] leaves the appar
atus at the center. The heotingy meadnns el the heater at the
center, flows through the inner <uur 1 .nd leaves at the periphery.

The contra flow princivle is uedectly utiized in this cua e,
TYPE H - Figure §

Surface condenser. For coaaenang booas o0 d o cocling of gueas
operated on the cress flow 1 neap.l

TYPE Il - Fqure 6

Surface conden: .. coun' abiaw . SCoam el Gt the

of the heat exrhang . The apjarats - 1 v o od | or breaing

liguids. utilizing esther i e om0 o e, OO XA . el

The steam or s teasr oot o min.. o s ot b b the heat

exchanger.  The inraioe b o0 arcarcne s et L tant veluoy s
Hit., o maintained throeyl the pan.auayge.

V\\;.l‘



Food Processing

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

juices, syrups, oils and vinegar, eic.

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

. . . Fie, 7
means of city water in a packing company. :

Design see figure 4.

i

Acid Heaters, Relief Coolers, Condensate Coolers, Preheaters for z'
black liquor. .a
. .
Figure 8. Spiral Condenser for cooling of SO. gas. Material: Acid i

resisting steel. ’ -

&

Design see figure S.

Sugar Industry

Juice Heaters, Heat Exchangers for Stelfen waste, Liquor Heaters, etc.
Figure 9. Spiral Heat Exchanger for heating thin sugar liquor by

means ol vapor from the multiple effect evaporation plant.

Design see figure 6.

Breweries, Distilleries, Dye Works, Chemical Plants, Oil Coolers.

Coolers for oleum, Sulphuric acid.

Materials of Conslruclion

We manufacture Spiral Heat Exchangers from all the usual mater-
ials, and also from a wide range of special alloys to resist corrosion

or 1o prevent contamination of the products handled by th@sheat - "@";:

exchanger.

é’f
F. r. 3
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OPERATING ADVANTAGES

1.

10.

HIGHER HEAT TRANSFER. The design permits the spiral passages 1o be so
dimensioned that the most economical flow of the heating and cooling media
can be oblained. The added eftect of perfect contra-flow conditions contribute
to the high performance of the Spiral Heat Exchanger.

LOW PRESSURE DROP. Absence of sharp bends and other obstructions such
as batfles, results in low operating costs for the same high performances. The
pressure drop is effectively utilized for heat iransfer.

. COMPACTNESS AND LOW WEIGHT. Because of the compact design of the

Spiral Heat Exchanger. great savings in space and weight are possible:
GREATER WALL THICKNESS. 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 removal of the end covers exposes the heating surface
to inspection. Cleaning can easily be accemplished by washing with chemical
solutions, or mechanically if required.

NO MIXING OF MEDIA. Because the seals are effective and easy to keep
light, no mixing of the media passing through the spirals can take place.

EASY TO KEEP CLEAN. Heating surtaceé 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 impurities
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.

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

NO SCALING. The tendency to scale is substantially reduced by compara-

tively high velocily 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. n

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 permils an exceptionally fast temperature rise.

The above point is essential, for instance, in the food and other industries,
where close temperature 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 to recover waste heat where
heretofore it has been considered uneconomical to use heat recovery apparatus.

The Engineering Department of the American Heat Reclaiming Corporation will be glad to
help solve your heat transfer problems.
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7 Spiral Heat Exchangers
ready for shipment to «
sulphuric acid plant for
cooling oleum.
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Proeses¥apor CondensssLonstruciion.. -

VAPOR TIGHTNESS.

A condenser must be completely tight on the gas side.

There is no such rating as ""percentage of tightness' in dealing
with gases and vapors. In most stivations, 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:—Gas
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. All seals
are accessible. No gasket is buried.

If any leak occurs it is located more easily, 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, and would have an insulative effect.

The illustrations are not to scale; they are diagrammatic.
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a. 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).

h-2. drain, through lower tube sheet; piped through a free hole
in head flange. For complete drainage o? shell. Open
only when draining.

j. 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. foating tube sheet.
s. .gas gasket groove, in floating.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 floating end of tube bundle;
on discharge vapors and condensate. '
—. studs and bolts, separate sets on water and on gas, are not
shown completely. Their positions are indicated clearly.
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