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COMPUTATIONS FOR HEAT EXCHANGERS
FOR VERTICAL VAPOR-IN-TUBE CONDENSERS CONTAINING NON- CONDENSABLE FLUIDS,CROSS FLOW IN SHELL
’ HEAT TRANSFER CALCULATIONS:
o Tube Side Sneli Side - Tube Wall Fouling
Material Gas Goaling Gas Cooling Condensing Gas Coooer Srass | (Gcgle> Tar
) Precondensing, | Post Candensing. Polymer
Spacing
Numerical ) Tri Sq
Facrer
fn Gas 248 2.48 0.475 %
Liquid 0.270 (034D
vapor 8.55 159 3820
Co rloo
Liquid c  o.77 ) /0 Ca |Co /
Physical Z, o222 0.72 s /79 K | hs o ¢4
property ' M /F /8 Mg
Factor g S 297 /.0  So
Fp For 467 * /L2 Fp, o/ Lo i_z 0.005%
(a) &L We V3| -
Work | &6.044 W, |Wn  45%9 /37 Wo Wo /37 37 Wo 37
Factor I3 o el I5 TytTu | w35 ECaEE S E?s
/27 ATy |.&Tw 27 27 " (QrTuT ) ATw 27 ' 27 W (ATTuT) 27
(b} DU RACARS I ’
377 AT 377 ATu 377
Fw .48 Fw A9/ Fi | (axip) 62 Fi | Fwg 305
Mechanical 224 n|n 224 o 224 224 n Qa7s do|n 224
Design o 62 dy ¥ gy 2.62 dy 0. $2 . 1 Npr 2.62 d, | do 0. 75
Factor . /2 LAL -z L sz ./ L a./3 49, | L /2
D B a5 P
N 2 L o3 dg-d 1 ;
P a0(72  Fm o.0/72 F‘:“l Fni z7oe g.0és Fmgl ,70;2’0_ ad L nd L zozo
Product 207/ . g/74 . 2PF :
FyxFy xF, xF a/28 a3y o372
A 8 ' G
PRESSURE OROP CALCULATIONS: T A . g.o7/
Tube Side Shelf Side Products tube 8 O. /56
Physica! Z ool 0328 C A% d
o . _ to, = 2 o224
Ff“?g:or‘:y fo ?;,’ 42'2‘27/74 Po Se Praduct shell d.r28
Product wall 2. 039
Work ¢ _(\_N;)LB f =W, 2
_ Factor  fw w=\Fb aaw7| AT e e 14 Product fauling 0 392
Mechanicai La/d, /73 Sum products g. 95
Design This sum must be equal to, or less than |
Factor Plus 23 2570
fa, 44.3 = )
my I, L5 L FSTxIF2s Item No. Exdomof= /3-.5:), yad 34‘} Aari
tm tmp= Q7 tme = 3oq : . )
Surface arag I2& saft
fs xhy xfm 0. 123 [Tap toral | LAS
MEAN TEMP. DIFFERENCE ANO TEMP, CHANGE ize:
ANQ TEM _ Size: 7144
ATu 727 %% T 267 5 - Th Numbear of tutes ’ z224
tu 234 x%
To /29 : #o L Quiside diameter of tubes 5%{ -
T)-Q'T)‘ 33 . 35‘ 1;1" YL
Tw-Tu /L L L.angth of shell or /‘#:
length af single tube pass
. % »
inside diameter of shell /9%
N
% For -Gases Omit This Factor
%X Obtain From Plotr of Temperatures vs % Total Heal Load
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—
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HEAT - EXCHANGER COMPUTATION SHEET

For conditions of no phase change forced convection turbulent flow,garatlel fiow in shell

HEAT TRANSFER

CALCULATIONS

Tube side Shell side Tube wall Fouling
: Tube spacing
Numerical 4 Tri. Square STEEL
factor Gas 2.48 15,45 LSS
Fn gd— 252 | 575 FrZm 159 3820
e GAS GAS
physical z, 0025 | 1o C. 02/ ¢ ag.z5 < o.zs
property M, zy Mg 29 X z2é6 hg 2
factor S [ ¥ F 724 So o.o0fa/
Fo Fo —_ Foo o/k  goo9éb | o/hs 00033
For gasas— Omit this factor Omit this factor )
Work W, /rz3 Wo /23 | W, 23 W, /23
factor -t /'5‘5’ Tw-TL /f‘g -t /5 th-tTi /58
ATy ¥z ATy Fod ATy xz ATy 5z
Fu Fu, /8.8 | Fug g W, {ty-t_) 739 Wity ~t) 2328
ATy ATy
Mechanicol. n F77 n 397 do /.00 n 277
design d, a-87 dO YA d; a.87 do /.0
factor L 36 L 36 do-d, .73 | L 36
(see footngte) NpT / ndg 797
F Fm 0. 0077 | Fm Coogs | 9o=dy g4z | \ndel __tm
' 72 eme CXE | st 743e0 4300
. Product - -
Fat Fo % Foy X 0.336 0. 435 0: 9033 o zse
PRESSURE DROP CALCULATIONS Product fube 0. 334
Tube side Shell side .
Physical property | f, f. ' Product shell o 435

Lt factor ' 57 Po 55

_V\_ﬁrk factor fu, 0./23  (fyg 2.7z 3 |Product wall g.00%
Lo/d il ; i
Mechanical U?-‘be‘nd +16 %0 7 Lo 7% }0.07{) Product fouling 9279
design Stroight +25 45.7 fmg) 2005, Sum of products 0. 984
factor Times Npp 7 |[mg, 20022 ;
fa, L4577 vffa' :/’5; 9428\ This sum must be equal to or less
B2 £ ‘
fn fm, -2 iy Z7% than 1.

o2 fwx fm 24P O &L AP per shell /. £6 | For square pitch multiply by 0.75
APxNo. of shells |~ 1.6& AP total 3./2 | item No. GAS~-€GAS HEAT
MEAN TEMPERATURE DIFFERENCE (CORRECTED)-ATy’ T EXCHANGER

Heating and cooling temperature Surface area: I®70 sg. £F
ranges and abscissa and parametar ‘per s el -
of AT correction factor charts. 3740 9. £F

T 2 t, zgo High /P2 Ty For 2z shel/s

187 ,

i o o /22 Low “a T Size: 27 " 208"
L - BESPKIR /.0 - ) :

| biffer 2y l J; 7o 2’:; ToTe | Number of tubes = 377

: I N - . - d 3 -

: aoti Tyt 249 2-4 g‘gz ¥ L | Outside diam. of tubes = e

oo - tytt, 402/ 3-6 |o.23 |38 TFT, Length of shell or
0T 52 tave  29/|4-8 |27& | //9 Tave  Ilength of single tube poss = Za
F /o *or t-Ty f 1 Inside diameter of shell = 29"
MTo . whichever is o oo Fate
0Ty oz larger positive
- value

As a first opproximation a value of n may be obtained from: n=w,/2 d 1,
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On these two pages, you will find the most popular P-K designs for heat by D
exchanger front heads, shell sections and rear heads grouped together and " j
identified by individual code designations. This master coding index is de- SS-1
signed to enable you to survey and specify rapidly the standard types of
components that are available from P-K for your process requirements.

Complete descriptions of each design, along with further information on
front heads, shell sections, and rear heads, are provided on the following e J [ !

pages. \
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standard
front head

(FH) designs

A few of the most popular standard front head -

(FH) designs available from P-K are illus-
trated in the accompanying drawings.

Cast bonnets such as’ FH-1, FH-2 and FH-3
are usually the least expensive and offer a
number of alternate openings where threaded
or studded and flanged connections are suit-
able. Where bolted flanged connéctions are
needed in a multi-pass -design, a relatively
inexpensive choice is a bonnet such as FH-4,
which can be either cast or fabricated.

FH-6 and FH-T are fabricated billet de-
signs. Where a deeper head is required, com-
parable strength can be obtained in a fabri-
cated dished head design such as FH-S.

Designs such as FH-9, FH-10 and FH-11
provide many possible piping arrangements
and greater accessibility for maintenance. The
radial flanged connections permit easy re-
moval of the head with minimum disturbance
to the piping of the whole installation. Inlets
in the upper part of the head and outlets in the
bottom make for easier drainage in multi-pass
designs.

If the application entails frequent jnspec-
tion and cleaning of tubes, channel construe-
tion such as FH-12, FH-13, FH-14 and FH-15
may be the best choice. Channel designs are
available for single pass or multi-pass units.
Piping doesn’t need to be disturbed at all for
access to tubes; it is only necessary to unbolt
and remove the cover plate. Where the channel
is'not integral with the shell, the entire chan-
nel may be removed when necessary. '

FH-16 and FH-17 are two of the special
front head designs that can be made to accom-
modate special conditions.

Each cast head design is available with only
the tyvpe of connection shown. However, fab-
ricated head designs can be supplied with
threaded, flanged, wrought or other type con-
nections.

cast bonnet — single cast bonnet—single pass— cast bonanet — multi-
pass — FPT connection studded flanged connection pass — FPT connections
SR B TR LSRR 0 R B N BRI TG 0 S St SRR,

B i

FH-8

bonnet — single pass
— flanged connection

channe! with removable cover plate — i
single pass — radial flanged connection £

Tha Draitarecman_WVallawv A Inr

FH-13
|

a nracacce hent avrhanaar division

FH-9
bonnet — single pass —
radial flanged connection

it o}

FH-14
channel with removable cover plate
—multi-pass —channel integral with
shell — radial flanged connections -




FH-4

cast or fabricated bonnet —
multi-pass — flanged connections

FH-5

cast vapor donnet — two
pass - FPT connections

Y AR R T T i et SR o BEET  CRASE

FH-6

billet —single pass
— flanged connection

FH-10

bonnet — muiti-pass — radial flanged connections

1

FH-7

billet — multi-pass —
flanged connections

BRIEATIE @y R SR s Gl G
L
i
i
i
i
i
bonnet — multi-pass — radial flanged connections ‘ channel with removable cover plate
: i —single pass—channe! integral with
shell—radial flanged connection

TSR S ERETITL AT SRR TSI 129 orvr a et S Y SIS oo T I T s e 3 RN 0 el TR TR L st L L LR e I B

channel with removable cover plate —
multi-pass — radial-flanged connections

cone — single pass — flanged connection

mitered conical elbow — flanged connection

The Patterson-Kelley Co., Inc. s process heot exchanger division oA




standard
shell section

&

{(SS) designs

il [

SS-1

“U” tube removable bundle canstruction

SS-2

"U" tube removable bundle — suction heating construction

SS-3

“U" tube — double tubesheet — removable bundle construction

SS-4

straight tube — fixed tubesheet — non-remaovable bundle

Sixteen standard P-K shell section (SS) designs are shown
on the following pages.

Three variations of shells to accommodate removable “U”
tube bundles are shown. These are $3-1, SS-2 and SS-3. §5-3
is designed with double tubesheet construction.

The fixed tubesheet, non-removable bundle types provide
a number of choices in such features as tubesheet construe-
tion, expansion joints, and type of connections.

Such fixed tubesheet designs as SS-4, $S-6 and SS-8 have
no expansion joint. They are suitable where the temperature
difference between shell side and tube side fluids is such that
the resulfant differential thermal expansion does not exceed
the conservative stress limits of tube and shell materials.
Where the temperature difference and resultant differential
thermal expansion exceeds the stress limits of the materials,
a shell section with an expansion joint is required. SS-35,
SS-7 and SS-9 are of this type. _

Where the possibility of leakage from one fluid into the
other cannot be tolerated, a double tubesheet shell section

[

NS
SS-5

straight tube — fixed tubesheet — non-
remavable bundle with expansion joint

7

SS-6

straight tube — fixed tubesheet — non-removable
bundie — single pass — channels integral with shell

SS-7

straight tube — fixed tubesheet — non-removable bundie —
muiti-pass channels integral with shell — expansion joint

TR AT 1A ARG REREEIRL MR VR S AT RS e TR B e R s Tl G

5S-8

straight tube — fixed double tubesheet — non-removable bundle

-




such as SS-8 or SS-9 should be specified. Single tubesheet embodying a surge drum and vapor liquid separator may be

construction used in S3-4, SS-5, SS-6 and SS8-7 is satisfac- necessary. For details of the separator design, see section ¢
tory for the majority of applications. page 11. This design is commonly used for mo&nting directls;
»53-6 and SS-T7 are designs which have channels integral OVer a Compressor.
with the shell. Hence, for a complete combination. of front Where vapor is generated, shell designs SS-14 to SS-16
head, shell section and rear head, only channel covers are should provide a large open volume over the boiling liquid.’
required. This permits the vapor to travel at a sufficiently low velocity
Such designs as SS-10 to SS-12, are for use with floating toward the outlet g0 that entrained liquid settles out before
tubesheet type construction. SS-10 can be used with either it leaves the shell. Shell outlet connections are located above
the pull-through bundle type in which the floating tubesheet the center of the tube bundle length. This allows 2 maximum
has a separate cover within the shell, or the outside packed volume of vapor to leave the shell for a given vapor velocity
lantern-ring construction. SS-11 is designed to accommodate since no vapor has to traverse more than half the dome area
a floating head cover that is fastened to the tubesheet with a to exit. .
split backing ring. In SS8-12, an outside packed gland seals All can be used with either “U” tube or straight tube, pull-
the shell side fluid from the atmosphere. In such a design, through bundle type construction. $S-15, a kettle-type re-
the outer skirt of the floating tubesheet is part of the float- boiler, has an overflow weir with bottom drain to keep the
ing head; and the cover is fastened with a split key ring. liquid at the optimum level. $8-16 permits the installation
In applications where separating liquid from the vapor of two bundles within one shell. $S-14 and $S-16 may also be
in the shell side fluid is a problem, a design such as SS-13 used for heating and cooling service.

C Fa\

A\
58-9

straight tube—fixed double tubesheet—
non-removable bundle — expansion fqint

S8-13 )

“U" tube or straight tube floating head—pull through re-
. maovable bundle with surge drum and integral vapor liquid
{ separator (see section ¢, page 11 for details on separator)

i
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§ I |y,
SS-10 C SS-14
straight tube floating head—puli-through removable multi-purpose vessel—"U" tube or straight tube
bundle or outside packed lantern-ring construction — pull-through remavable bundle construction
8 SRS e i BTN & VLIRS SN e S ad SURRER RS L L L r $T TN LR A T e

1L SS-15 l 4 )

kettle type reboiler with overflow weir for “U" tube or straight
tube pull-through bundle construction for vapor generation

RSN I ¢ IR S SRR A T SRR AT TN 270 Tl Gl

1 C

g -

SS-12 10 SS-16 ‘

straight tube — removable bundle — outside multi-purpose vessel — dual “U” tube or dual straight
packed stufiing box and split key ring construction tube pull-through removable bundle construction

straight tube — removable bundie — split backing ring construction

A3 R R I B 00
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standard
rear head
(RH) designs

These diagrams illustrate 28 standard rear head
(RH) designs. These are similar to front head de-
signs in that they offer varying .degrees of piping
convenience and tube accessibility. But there are
more RH designs because, unlike front heads, they
are used with the floating tubesheets as well as fixed
tubesheets.

As with front heads, the least expensive design
is a cast bonnet, RH-1 to RH-3. These offer a variety
of connections in single pass. For multi-pass, the
bonnet type gives slightly more depth than billet
construction, as shown in RH-4 and RH-5.

RH-1 to RH-12 designs are for use with fixed or
stationary tubesheets. More elaborate designs are
required where a floating head is provided, such as
RH-13 to RH-24 designs.

Where the floating head has an internal gasketed
cover, as in the pull-through bundle type (RH-14)
and split backing ring type (RH-18) only a multi-
pass heat exchanger is possible unless a packed joint
is installed in the floating head. RH-13 and RH-17
are such designs. The packing gland seals the shell
side fluid from the atmosphere at the opening
through the rear cover. The tube bundle of RH-17
and RH-18 can be removed after the shell cover and
the floating head cover are removed.

In RH-15 and RH-16, an outside packed lantern-
ring provides.the seal between shell side and tube
side fluids as the tubesheet moves back and forth
with expansion and contraction of tubes. Weep holes
in the ring vent any seepage to the atmosphere. Un-
like floating heads with internal covers, this design
is readily adaptable to single pass operation..

A number of rear head designs such as RH-19 to
RH-24 employ an outside packed stuffing box to seal
the shell side fluid from the atmosphere. The outer
skirt of the floating tubesheet forms part of the
head in single tubesheet construction as in RH-20,
RH-22, and .RH-23. Where double tubesheet con-
struction is used, a separate head is fastened to the
outer tubesheet with a split key ring as in RH-21
and RIH-24. The heads of the single tubeshests are
similarly fastened. This type of design is adaptable
to either single or multi-pass operations. With a
double tubesheet design, there is no possibility of
tube side and shell side fluid leaking into each other.

The remaining designs are single pass rear heads.
RH-25 and RH-26 have entrainment separators and
bottom drains for separating liquid from vapor as
it leaves the exchanger. RH-27 and RH-28 are two
of the special rear head designs that can be made to
accommodate special conditions.

Tha Dekimeac o~ /_J1__. »~_
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cast bonnet — single cast bonnet—single pass—
pass — FPT connection studded flanged connection
SMRESETY £33 BY ST RN SRR VA SRy T o B A NN T e T L

RH-7

bonnet — single pass
radial flanged connection

RH-6

bonnet — single pass
— flanged connection
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RH-11

channel with removable cover plate —
multi-pass — channel integral with shell
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»
RH-3 RH-4 RH-5
cast bonnet — multi-pass 3 billet — single pass — flanged connection billet — multi-pass
aip SEERAL T NIRRT ¢ A TR o o Se .t PEEATRUAL L A e R 5 T - TR B A R I B s et

O7p  _gie___ Jp

RH-8 RH-9 RH-10

honnet — multi-pass ; channel with removable cover plate . channe! with remavable cover plate —
: — single pass — radial flanged con- single pass — radial flanged connection
§ nection — channel integral with shell
SACRATIIEN A S 4 e T ORI ATEERDY 441730 N0 B PRSI L0 3 N AR { R S ST RS TN SRR M el S ey e

AT TP ey

RE-12 RH-13 o] RH-14

channel with removable cover plate — multi-pass straight tube floating head — pull- straight tube floating head —
through removable bundle — single pass j pull-through removable bundle
— flanged connection with packed joint 3 and shell cover plate—muiti-pass

The Paiterson-Kellev Co.. Inc. s nrmrace homt avcboe-o-



p-k standard rear head (RH) designs (cont.)

e

|
l :
i
RH-16 RH-17
y straight tube floating head straight tube floating head removable bundle —
straight tube floating head — removable tube —removable tube bundle— split backifig ring construction with shell cover —
bundle — outside packed lantern-ring construc- outside packed lantern-ring single pass—flanged connection with packed joint
tion — single pass — radial flanged connection i construction — two pass
TR SRRIRARE AT 2B IO e e TR DOTH R NS 0 RO T 1y 1T o o TSI n L R RUAIRERADL T R IR PR S T CLAMAIERN R £y ST AR R T e 10 PRI

e
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RH-21

straight tube floating head — double tubesheet — removable tube bundle —outside packed
stuffing box and split backing ring construction — single pass — radial flanged connection

R TR Y P M1 R RS DO O R ;.,,pmm‘beﬁ“a\.:'- 00T PRI TSR ¢ FOH D 3O DN R ¥E AT T Ertne LR OO S SRR R R LY

RH-24

straight tube floating head — removable tube bundle — double tubesheet
— outside packed stuffing box and split key ring construction — multi-pass

-

RH-25

bonnet — single pass with entrain-
ment separator— flanged connection
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RH-18 RH-19
straight fube floating head — straight tube floating head
removable tube bundie—split — pull-through remavable
backing ring construction : bundle — outside packed
with shell cover — multi-pass stuffing box — multi-pass
YIRS 3 ¥ B0 TR R 1 S T ORI

o T

.

RH-22
straight tube floating head — removable

tube bundle — outside packed stuffing box
and split key ring construction — multi-pass

RH-20

straight tube floating head — removable tube bundie
— outside packed stuffing box — single pass

e ARRTRREERLALL o USRS e O R e RIS
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straight tube floating head — removable tube bundle — ouiside
packed stuffing box and split key ring construction — multi-pass

P i

500 SR SV O 2080 o BRI R 0 2 N 1 SR Y A SR LS RS I 7 PR S S BRI IR VDRI O S RPN SR s R

RH-26

bonnet — single pass with entrain-
ment separator— flanged connection

RH-27 RE-28

cone — single pass mitered coniycal elbow
— flanged connection ; — flanged cennection

The Patterson-Kelley Co., fnc. » process heal exchanger divisian
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Shell side flow patterns A of A/B

“Fluid Dynamics & Heat Transfer”, Knudsen & Katz. McGraw-Hill 1958 Nawr Varl MV
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Stationary head—channel -
Stationary head—bonnet

Stationary head flange—channél or bonnet

Channel cover .
Stationary head nozzie .-
Stationary tubesheet
Tubes 1) 6 g
shell
‘Shell cover . e

Shell flange—stationary héa:d-end

- Shell flange—rear head end.

Shell nozzle = -, . -

‘Shell cover flange

14,
15,
16.
17.
18
‘19,
20
21
22.
23,
24,
25,
286,

Expansion joint

Floating tubesheet

Floating head cover

Floating head flange

Floating hesd backing device
Split shear ring

Slip-on backing flange
Floating head cover—external
Floating tubesheet skirt
Packing box o
Packing

Packing gland

Lantern ring
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a7,
.28.
29,
" 30..

231,
.32
- 33
34
1136,
36.

.37

38.
39.

[ A
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v A ..
® o
Tierods and spacers
. Transverse baffles or support
Impingement plate
Longitudinal baffle
Pass partition. .
- Vent connection
- Drain connection

plates

. “Instrument connection

Support saddle

Lifting lug |
Support bracket

Weir o
Liquid-level connection
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Hot liquid inh_
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Cold liquid in
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{UGATED PLATES can be assemb.led as shown, or rearranged to optimize heat transfer—Fig. 1



