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" BSTRACT

COMPUTERIZED HEAT EXCHANGER DESIGN PROCEDURE

. By: Magd1 Assaad Eng.

J

 The heat exchanger is the most widely used device in HVAC
applecations: 'A]th3ngh it‘{e only‘a part of the overall system, a heat
" exchanger ie required in every heating and cooling deéign ﬂrob]em that
the designer solves. AR : , »

In many cases the flow paths in the heat exchanger ape quite complex

and in some cases the temperature and heat transfer equations are o
. complicated that charts and graphs were deve]oped to rep]ace-the
equations. In order to simplify the design prgeedure, minimize hunan
error in calculation and save valuable engineering time; the author has
devéloped a program which computerizes the design.technique for a simpie
liquid-to-1iquid, counterf]ow double -pipe heat exchanger.’ The program

is restricted in use for’the four standard hairpin sizes ava11ab1e and
eleven 0ils as working f1u1ds, w3th considerations gvv€ﬁ7for'future

. incornoration of more liquids or oi}s when more defa would be avqjli§1e.
Having successfully completed this resegrch work, the author !

believes that with further research, similar programs can be writteh

for the more complex, but widely used heat exchangers, such as the

-

shell and tube type.

]
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"a . .
flow area of annulus, ft2’
y ‘
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SYMBOLS AND NOTATIONS - . : —~—— 'V
. 4 - —~—
- ¢
Heat-transfer-surface, "ft?
Flow area, ft? p .
flow area of pipe, ft? [ A

External surface per; linear foot of pipe, ft.

Specific heat ®f hot fluid in derivations, Btu/{1b)(°F)
Specific heat of cofd fluid in de_rivations or either . ‘ 4 ‘
fluid- inscalculations Bta/(1b)(°F), [
“Ingide diameter;,\ft.- .

For annuli D; is the outside diameter of inner pipe, D,
is the inside diameter of the outel;' pipe, ft.
Equivalent diameter for heat-trar;sfer and pressure drop, ft.

. ?utside diameter, ft. . ' !
Caloric fraction, dimension}]ess .
Friction factor, dimensionless . 7
Mass velocity of the hot fluid, 1b/(hr)(ft?) . : [
Mass velocity of the cold ﬂu;d, 1b/(hr) (ft2) h
Acceleration of gralvity BZLQy’secz\

Heat-transfer coefficient in genera],’for inside fluid,
and for outside fluid, respectively, Btu/(hr)(ft?)(°F)
Value ?f hi when refef‘red to the pipe outside diaméter,
Btu/ (hr)(#t2)(°F) '

Heat-transfer factor-of the hot fluid, diménsionless
Caloric factor, dimensionless

Thermal conductivity of thé hot fluid, Btu/(hr)(ft2)(°F/ft)
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T, T; T, .

Te

Sttt

At
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27

Therma] conduct1v1ty of the cold fluid, Btu/(hr)(ftz)(°F/?t)
Pipe ]ength or length of path, ft

.

Logarithmic mean temp%pgture dlfference, °F

4
dPressure drop for- the hot fluid, psi

Pressure drgp for the cold fluid, psi U
Heat flow, Btu/hr T J

Reynold's number of the hot fluid for heat transfer,
dimensionless.

Reynold's number of the cold fluid for heat transfer,
dy
Y \

"dimensionless e . - e

Reynolds number press%re drop, dimensionless

Specific grav1ty of the hot fluid, d1men51on1ess

Specific grav1ty of the cold fluid, dlmens1on1ess~ -
t

Hot-fluid- température in general, inlet and outlet of hot

fluid, ° |

« Caloric temperaturf of hot fluid, °F

»

~

2

Co]d-f18$d~temperaturé in general, inlet and outlet of .
cold fluid, °F |

Caloric temperature of cold fluid, °F. .

Tube (pipe) wall temperature, °F

True or effective temperature difference of the hot fluid,
OF .

True or effec(ve temperature differen'ce of thJ cold fluid,
°F ‘ . ’ 4
Cold-and hot-terminal temperature difference, °F

3\
\




| centipoises X 2.42 =

. ~
W,

: \

Overall coef?1c1ent of heat tra%sfer, clean coeff1tient

~ design coefficient, Btu/(hr)(ftz)(°F) ' ]

Weight flow of hot fluid, 1b/hr
. . ﬁ\/

Weight flow of cold fluid, 1b/hr

~

Viscosity at the caloric temperature of the hot fluid,

centipeises x 2.42 = 1b/(ft)(hr)

Viscosity at the caloric temperature of the cold fluid, "

cent1p01ses x 2.42 = 1b/(ft)(hr)

V1scos1ty at the wall temperature of the hot f1u1d
lb/ft hr

Viscosity at the wall temperature of the cold fluid, ’

centipoises x 2.42 = 1b/ft.hr

. - ) .
(uh/u;;?\giji dimensionless

a0 »dimensionTess B

C "wc
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 S\COMPUTERIZED HEAT EXCHANGER DESIGN PROCEDURE

1. .Introduction

The term heat eiﬁhangen i§ usually applied to a device in which-two

Al

process streams separated by a solid surface exchange heat energy:
These devices may take many forhs. However ordinary metal tubeg are the
main components of many types. A heat ethanger js a useful and perhaps
an essential deyice in Heating, Ventilating, and Air Conditionding | ,
applications. Few examples of these applications are:

i. ﬁéfrigerant—to-water in the case of chi]]érs. .

2. Water-c;o1ed copdensers whe;é shell and tubeiconfigurétions '

are commonly u§ed. -
3. Water-to-air and'refrigerant-to—air where finned tubes grad’ '

! -,
usually used.
o

A

~4, Air=to-air in the case of heat recovery systems where p]ate-
fin type may be used. | - o
The dou51e pipe heat exchanger igrthe simplest ind?strial type
availéb]e‘today. It is\extremely useful because it can be assembled
fn any pipe fitting shop from standard parts.and provides inexpensive
" heat-transfer surface. y e \ Q

The flow péths in" the heat exchanger are quite tomplex gna the

. calculation -of ”UD“, the overall design heat trgnsfer coefficient is
N h ql

s0 difficu]tjand subject to large errors in somé cases. " In the case
of a double pipe heat exchanger, UD is given by:
'I/UD = 1/h

3o

-‘ (o] t. Vh'io + ‘R

et

-———»W..‘.— I i T
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“ - : ”
film heat transfer coefficient of the 1iquid.on,the outside
» ' B :

'surface of the pipe BTU/ (hr){ft2)(°F)

3 : . . - )

=, |
i

film heat transfer coeff1c1ent of the 11qu1d on the inside

.

surface of the pipe BTU/(hr)(ftz)(°F)

reasonable assumed dirt or fou11ng factor (hr)(ft?)(°F)/BTU ‘

‘UD = overa]] des1gn heat transfer coeff1c1ent for the heat .
" exchanger QTU/(hr )(ft2)(°F) T .
' ,sThe heat transfer surface required is then established from ?ourier's :

equat1on as fo]]ows -

© - - |

~ A = Q/(UD x LMTD) where:. \ , h
Y A = heat transfer surface required ft ' |
‘0 .= heat flok BTU/hr " / o ‘
§QD = The overall design heat‘transfer coefficteht.f§r1gﬁz heat L
' 4 exchanger BTU/(hrj(ftz)(°F) (. - R .
. ;LMTQ = Logarithqic mean temperature difference (°F) - ' . - |

The above equation has been developed using the following . ' N

“assumptions:- - . - ol _

.‘1. ‘The overall design heat transfer coeffictent UD’ the weight rates

of f]ow Nh and W, and the spec1f1c heats Ch and C; are JEH S

. constants where the subscripts-c and h refer to the cold and hot

streams. ° e

L4 ‘ i

2. There {s no heat 1oss or gain externa\ to the heat exchanger and .

*  there is no axial conduction in the heat exchanger; . s ~ ' x
@ . yx &

v

3. A single bulk tehberature applies to each stream at.a given cross .

&

& o

sect1on.

-

\




A

s . "Usually the designer is given the following process conditions:-

.
@ s '

I Inlet and outlet temperatures of the hot liquid ®
. \ Inlet and outlet temper‘atpres"of the co]& liquid . )
+ '[he mass rafté of flow for the hot or cold liquid . | , Y
»+ A’set of standard:arrangements of doub.le pipes or hairpitns available
which he can choose.from. . ! ~
.. + Design performance cmtema, such as the maximum pressure jrop on
;3 ' ] doth sides of the tube, the maximum Reynold's number allowable etc.
The so]ution is usually arrived at by the "trial and error" met .
S ) .as o‘uth;ned below: - ’ ‘ , S 1
" 1. An arrangement of flow is assumed. ‘ T - D 1
2, A standard hairpin is ‘se](ecté'd in size and length. .
3. 'Using the temperature equations, the caloric temperatureé of o ' ‘,4
the hot and cold liquids are det,ermine&\.\’ -
4. At these temperature;, the physical and thermody‘nama/lx ‘
properties of bothdh'quids are found from tables, charts '
and graphs. : ‘ ' "'.
5, Usmg fluid flow and heat transfer equatmns, the rema1mng
process conditions are established and COn]paT‘Ed to the
. pre-set design perforpance criteria.
6. If the des’ign performance criteria are not met, the designer
| repeats sfieps 1to5 for a dif’ferent flow arrangement and
hairpin size, -until a satisfactory so’lufion is found. s

_ This paper deals primarily with thg designatech'n'ique of the double-

pipe heat exchanger using a computer program. The program is restricted

i by Wt e

to eleven selected oils (10° API, 15° API ~+ 6Q°‘API)' to be used as o

¢




working fluids in the four standard sizes of the commercially
ayailable hairpins. 5

The program is self explanatory and al} tﬁe instructions for the
designer have been clearly given throughout the program. A sample
problem will be studied and analyzed in order to illustrate the

’ gpp]icabi]ity and the accuracy of the program. . . '

2, Description of the Double-Pipe Heat Exchahger:

T%e double-pipe heat gxchanger is a simple unit to recover heat
between two process streams. The prjncipa] parts of the exchanger
are two sets of concentric pipes, two connecting Tees, a r;turn,head
and a return bend. The inner pipe is supported within the oufer pipe
by packing glands and the fluid eﬁters the inner p{pe ghrough a ‘
threaded conhgctionxlocated outside the exchanger section proper. The
Tees have nozzles or screwed connections attached to them to permit the
entry and exit of the annulué fluid which crosses from one leg to the
other through the return:head. See figure (1). .The two 1engths'of the
‘inner pip%fare connected by a return head which is usually exposed and
does not provide effective heat-transfer surféce. When arranged in
two legs as in fig. (1), the unit is a hairpin. The standard sizes of
Tees and return heads are given in Table 1. Double-pipe heat exchangers
‘QIS usuaily assembled in 12, 15, 20 and 40 ft, effective 1ength§, the
/feffective length be?ng the distance in €aéﬁ/$2§ over which'heat transfer
. oceurs and excludes inner pipe pro?fuding beyond the exchanger éectioq§

3.  Computerized Heat Exchanger Désign Procedure:

» A general program which includes all the known liquids and oils

used as heat exchangezkworking fluids was impossible to develop due to
. P

e
e
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the limited time of*this research project. Data on the physxca] and
thermodynam1ca1 properties and their variations w1th temperature-and.
pressure were not readi1y(avai1ab]e for a]] the oils. /

In add1t1on, storing . the data 1nto the co/mputer was a com%hcated
and time consum1ng process and was irrelevant to this present research.

Since the\ra1n ob3ect1ve of. the program was to show how the design

\\ .

process -is computer1zed rather [than how to store data ‘on 11qu1Qs/o1ls

¢

in the computer, it was decided to generate the program go be usEd\for

) ™.
eleven oils, with qohsideﬁ%tio given for future incorporation of more ™~

T \1iquids/oils into the peogram wheg more data would be available. The
‘eleven oils are:- ¢ ' '
10° Aﬁl, 156° API, 20° API, 25° API, 30° API, 3%° AP1, 40° API,
v 45° API, 50° API, 55°°API, 60° API. ’
The phyaica1‘ ﬂd thermodynamical properties of these 0ils were
found in References (1), (2), gs), (4) and (5) in forms of graphs anQ‘
tables. Using linearization techniques, it was possible to replace
these graphs and tables with equations which were subsequently programmed
as subeputines to be used in'tae main progrgm when needed. See figures
. (1) to. (11) ia the appendix for detailed information on the linearization

\\B coefficients and equations.

&4, The Computer Program:.

A computer program has been deQe]oped based on the design procedure
<out1iﬁed in chapters (3), (5) and (6) in Reference (1) for a double-

pipe liquid-to-1iquid heat excbanger. The program has the following

limitations on its use:

1. Restricted to e]eveﬁkkydrocaroon liquid oils. The program-

.

(4

~
~

+

~

o

3
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Lfgg'

generates values of °API in- 1ncrements of 5, startmg from
10° API up to 60° API. N

2. Would select one of ;he four standard commerCIaHy avaﬂable

b . ' ¢hairpin s1%es, "these are: 3 .
o \ 2" x 14" IPS
) » 21" x 13" ,IPOS P o
| L e 3" x 2" IPS |
. . T amxavps o B o |
3. The maximum temperdture aJlowable for the working fluids. is
600°F, without phase ’chan‘ge. .
4, The temperature range or difference for each stream is ngt to
exceed 500°F. !
The computerization process is illustrated by the flow charts
N présented on the following pages.




1 o . ., - n
DEFINITIONS AND EXPLANATIONS
Ar‘ra_yg used in Main Program. ;a ‘ L
K IAPI = Ar;'ay of API vaTlues | N
ATCON = Array of TH. COND constants used in formula.
© ASPHT = Array of constants for S{pecific'ﬁeat
" ASPGRV =" Array of constants for Sfecific Gravity
T . Array in which input temps. are storec;
T = st element of T: inlet temp. of hot fluid
. T2 . = 2nd element of T: out]le\t temp. of hot fluid |
.73 7 = 3rd element of T: inlet temp. of cold fluid’
‘ T4' . . 4th element of T: outlet temp. of "co1d fluid
. AVIS = Array of viscosity values .
" AKC = Array of cohstané for KC’ »’-6!
IAPIV = Array iﬁ which' input API values are stored”
Jm = Table 1 from report [Table 11 - Ref (1)1
¥ 16.2 = Table 2 fron!- report f1able 6-2 - Ref (1) ] “
. NH = Array of constants for JH formulas- '
| . SHP = Arra_;f in which hairpin si7:e is stored
N TAPIA = Special array of API values for viscosity subroutine
AfEM - Array' of temp. values used for v;scosity subroutine
- DARA. = Array in which ca]éu]ated data is stored t6 facilitate
printing L
~{BIG | -
N .M [ [
DEC = Arrays used in‘ "Fracto": - the subroutine which converts
| SET l o a decimal nﬁmber into a fraction
|




.
NAME

> R

Array in which input hairpin size is stored

]

Array in which names’ of parameters printed are stored

. )

-Arrays used in Subgrqgrams:

SPGRAY :

Viscos:

¢

4

FaH:

* T_COND:

1APIVF
TCOF

IAPIAV

AT

- AV

IAPIF
TSGF

IAPISG |

A§q
FK

RF
IAPTFK

*DTF

TAPIAK
AK
RE
DUL
AJ .
IAPIT
TICF

' IAPITA

ATC

input API - IAPIV (maiqﬁ
input temp.
IAPIA (main, prog)
ATEM (main, prog)
AVIS (main, prog)
IAPIV (main) .
input temp. (TCZ or ch)
IAPI (main)
ASPGRV (main)
KC
R (rgtio)
‘IAPIV (main)
0T o .
IAPI (main)
AKC (Eain)
(Reynold's number)
. L/D
AJH (main) ,
IAPIV (main) o
T€2 or TCI
IAPI (main)
ATCONC (") -




- .Specific Heat:

¥
vy
»
'
s r'\
.
o
»
~
[
i LY
» = r O
AR |
3
C
‘%

IAPISH
TSHF
IAPISA
ASH
REF .

n

IAPIV (main)

TC2 or TC1
IAPI (main)

ASPHI ‘(main)
RE '

[l

3

s R v

AR . e e Sty




DOUBLE-PIPE HEAT EXCHANGER DESIGN PROGRAM

FLOWCHART

for -

~

.@.

qRead Arrays

Generate values of API.

Read data for design problgm.
Print headings,- input data.
C§1cu1ate:

DT2 ‘é IT1 - T4

DTT = T2 - T3 .

' Ratio = DTIOT2
DT = i1 -T2
D = (D12 - DT .{\

Tn[D72/DT1]
Larger KC - Hot
of KC - Cold

—

o

~
1]

S
T2 4 FCx§(T1 4 T2) |
Cl = T3 + FC+|T4-T3|

H = SPHEAT

CC, = SPHEAT
uC Viscos A
e Viscos

Q =\WH *CH *» DT

M = Q/ICC# 1T - T3]

VLo

«

o

&

14




From tables! 1,-2:- . ) . . ( \ s
Find values for AP, A, D, DE, DO, A", DE"
Calculate:
6 - HT. = WH * 144 / [AP or AA]
6-CD = WC * 144 / [AA or AP] )
RE - HT = [Dor DE] * G - HOT / [wH * 121 %
RE - CLD = [DE or D] * G - CLD / [y * 12) - L
TH. COND. - HT = T COND e
TH. COND. - CLD = T COND . \ -
FACT - HT = TH - COND - HT * [yt 7173
FACT - CLeP = TH ~'COND - CLD * [ e 71/3
L/D - HT = PL*12*n / [Dor DE] |
L/D - CLD = PL *12 * n / [DE or D) : | |
_ FJH * FACT - HT'x 12 |
W/ oyt - [0 or DEJ
. ‘ _ FJH # FACT - CLD » 12
H0/0c1p = [0 or D]
* HI/¢
HIO/¢:P = Take for pipe - |- orHI fx D .
' H0/¢¢) g
o H/dyp = 7
™ = TCL-(K10/0p/ [HI0/¢,+Take-Ann. | - orl " * [Tc2-TC1]
| / ' H0/4c
JRRTL (¢ = Viscos
uWH = Viscos .,
g | o g
¢HT , (uH/u ‘ o c o ]
0.’1'0 . 2
¢CLD E (IJC/UNC)
W10 = (HI0/p) * Take Pipe o
L Y




¢

16 -

- N

HO ; " = Take Annulus }3é;$gzn * Take Annu]us $2{6;
up = Igfg + 75 + DFI™
A = Q/[UD * [MTD]
L e ek |
= L/PL
REA" - 1 = DE" Takg Annulus 6o /[(”C or uH) * ]2]
G - CLD
SP-FRAV-HT‘ = SPGRAV
SP-GRAV-CLD = SPGRAV
FP . = FRIC ’
LYy = FRIC
DoM - HT = 5.22 % 10'® % (D or DE) * SP * 6,0
DP - HT 3 =(G-HT)Z*N*lz*;g:e[F:IP\*PL/DOM-HT
DOM - CLD. = 5.22 * 10'° » (D or DE) * SPeip * b p
DP - CLD = (G- CLD)? % N %12 + Take | F *PL/DQM-CLD
Print

Trial number and'calculated data

Check

. 1fipressure drops are within limits -jaﬁd print abpkopriate message

i nmabn smrt s 4 -




If pressure drops are not within limits:
- and -~ ..
If RE > 10,000 - and - no more ha1rp1ns ‘Go to 100.

If RE > 10,000 ~ and ~ hairpins not depleted then reca]cu]ate us1ng

\\Taiier hairpin
If RE < 10,000 increase the number of hairpins and recalculate.

If ai] of above not true ie.: pressuré drops within limits go to
~ .

next problem. ’
100  _If flows already exchanged print

' "Unable to Solve"

otherwise switch flows and r;Zalculate starting with smallest

hairpin..




"Flow of Charts of Subroutines
; : i :

1. Viscosity Subroutine

o

SUBROUTINE VISCOS

4

Read data, Arrays:-

API given

Temp. given

Array of APT"values

Array of temp. values

Array of viscosity values

Using Given values:-

“

B

L]

Find values in table (viscosity) which 1ie on both sides of given

»

values.-

4

Interpo]ate'between these values and calculate viscosity. Return

to main program.

&

1 ety g oo <ame on

it o e e e

bR ey e




\

L

Lo

2

—

2. Specific Gravity Subrout¥ine
" SUBROUTINE SPGRAV

~

&J

Read Arrays:, data:-

API given

Temp.'given -

’ Array of API valyes '

\

3

Array of data to be used in SPGRAV formulas.

Find appropriate values to use in formulas.

y

] . .
Find which range temperature lies in.

R

"Ca];ulate using appropriate formula.

JRétﬁv:n

o

\‘f&-

.
»™

a

T AR BRSNS A i KA Kb St

o



=t

3./.Caloric Temperéture Factor K.

. SUBROUTINE' FKC (KC)

. j ! “ ]
C -
Find constants ﬁo use.foﬁ API “given.

Calculate KC uging these constants.

& .
Return
Y
o ’ i
+ » ‘
9 7 .
» .

AN e e e e




a

F . v
4. Tube-side Heat Transfer Curve .

2

SUBRQUTINE FJH (JH)

o Read Arrays, data:-

Pl

- RE g{ven
- L/D given

]

2

1

- Array of constants to be used in formu]aé.

’ . v

i

\

[

21

Find set of constants to use for L/D given. ' ‘

12 <

+ -] Find which formula to use for RE given. o

[a

Calculate JH for L/D higher and 10we} than L/D given and interpolate

'
i v o
. . - .

. for result. . . ) .

Return

o A ¢




. 5. Thermal Conduétivity

SUBROUTINE TCOND (TH. CONDUCTIVITY)

<

Read Arrays, data:-

- API given
. ]
- Temp. given
- Arrdy of API values
- Array of constants used in formula. i

A

Find constants to use for given API.

!

Ca]cdﬁate using these constants in fbrmu]a.

Return




6. Specific Heat - -

SUBROUTINE SPHEAT

)

Read Arrays, data:-
API given

Temp. given

1-

Array of API values

Arraylof‘constants used in formula.

. 1

Find appropriate constaggg\?bn API givén.

|

Calculate using these in formula.

Return

3

A B arsoa s A o e AN
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24
L d
: \ . ”
I 7.. Friction Factor
~ SUBROUTINE FRIC
‘ ' 1,26 ’
Read Arrays, data:- = FRIC = 1.65 x 10~ % (RE)
. RE - given
Return
RE > 3000 -::-——- FRIC = 0.0028/(RE)!/* | ;
2000 < RE > 3000 -
Return

RE < 2000
FRIC = 0.5/RE

|

*
S N Mt vt s’ st <At ke <
-

Return . L
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B. Caloric Temperatu}a Factor Fp ( ) %

. . SUBROUTINE FC ) ;

:;‘ . . | “i

| ' i

Read data:- - \\L“ ; %

KC, R (ratio) .

T (1/KC%+(R/R-]Z‘ Y
+ [In(KC + n (¢

) -

Return

-
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Bottom of - 7/

-

METHOD OF ENTERING DATA

///’ ' /

Deck ﬂ *

)s
!;3/
) ' [ ]
Continuation card for previous,
- or next problem )
( _~
o API-JAPI - |TUIT2) T3 TAIWHI DPYDirt I Hairpinii nll PL}l EX
Hot Cold ' Factor Size
4 4 3
fluid fluid max.pressure see next
. drop page 1

DATA CARDS o L , . L

i

/

// A838

Definitions: n =

PL =
EX =

'
Q '
- . .
.

Top of Deck ‘ ' |

initial number of hairpins
length of hairpin (f . !

1, -1 {see next page)




k" ‘“*bz/‘\,/\’

Data must be entered as shown above.

Data need not be placed starting at first column though at least

- one _space must be allowed between values.

If Qatd does not fit on one card, (can use up to col. 80) it may

be continued on a following card.

Though needless to say, a value should not be split between 2 cards.

If more than one problem is to be solved, the values for this must
be placed on a new card in the above manner.

In its present form, the program can handle about 10 problems in a

. single run.

The final value entered per problem is named ex: and must be given

" a value of either 1 or -1.

If 1, the hot fluid will be in?tia]]& placed in the pipe, and the

"cold fluid in the Annulus.

A -1, will cause the reverse of the above.

The method of entering the hairpin size is best demonstrated by an

-

example:

If hairpin size = 23 x 1} IPS, this would be punched on the card as:

; Tziinziina

—

I

- Note however that: for 4 x 3 IPS, this would be entered as:

<

4 onl'légnu 01

St s o e e = o




‘5. Sample design problem: ‘ o ' R

A double-pibe heat exchanger design prohlem will be illustrated

4
. in order to de onstra;e\the design prpcedure and to explain the é
_) applic§§i1ity j;;‘ng accuracy of the%program. " §
Note: Values between brackets are those obtained from the computer
print-out. “
a) Problem
— 12,000 1b/hr of 25° API lube oil isito‘be cooled from
450°Fto 350°F by heating 40° API Tubé oil from 325°F to 375°F. A
— ’Apressure drop of 10 PSI i§ permissible on both streams and a maximum'.
‘ dirt factor of 0.004 éhou]d be provided. Find the size, length and
the number of hairbins required and the f] wlarrangement.
b) So1uti;n , e
Givgp Data: \ ; | 4 |
o T = + 450°°F ) : (450)
Vo \ - . ‘
’ T =- 350°F ' Pas0)
" ot = 3 ( ‘ «' (325) o
t; - = 375°F ’ ~ (375) . 1
' W= 12,000 Ib/hr - (12,000) ol 1
Maximum Dirt Factor = "R" = 0,004 (hr)(fﬁz)(°F)/BTU : “
‘ - | (0.004)
Maximum Pressure drop = 10 PSI o (10)
.
ﬁ,




A

29

1. Arrangement #1 (Design problem #2’-‘Tria] 1)
Assume that hot fluid is placed in the pipe and cold fluid is in the

" annulus. See figure (2). (Trial #1) v
A : ~ .
Calculations: '
Assume hairpin size is 23 x 1} IPS / | (Trial #1) .
2 T 1St \ | (1.5)
. a, = 2.63int x | /’(?5\3)
D = 1.38n S . (1.38)
b, = 2.02n o . (2.02) |
D, = 1.66 in , (1.66)
a" = 0.435 ft? : (0.435)
D' = 0.8 in | | (0.81)
Bt; = Ti-t, = 450-375 = 75 °F . (75)
Aty = Tp-t; = 350-325 = 25 °F  (25)
Ratio = Aty/At, = 25/75 = 0.333 L (0.333)
AT = T,-T, = 450-350 = 100 °F £100)
A = ty-t, = 375-35 = 50 °F (50) °
LMTD = (Atz-Atl)/ln(Ajl‘vtx) ‘ |
= (75-25)/1n(75/25) = 45.5 °F . (45.512)
K, = 0.48 from fig. ) . (0.46)
(AT = 100, 25° API) -
\\ Fé - = 0.38 from fig. (7)
\\ #-  (ratio = 0.333, Ko = 0.48)
\‘i T, = T2+ F(eT) |
\\ = 350 + 0.38 (100) = 388 °F (387.96)
‘;\C. = 1+ F.(At) .
C0 = 325 -+ 0.38 (50) = 344 °F | (343.98)

FRY I—




Al

&

0.61 BTU/(1b)(°F) -

(25° API, T, = 388) - figure (4) -
0.62 BTU/(1b)(°F)
(40° API, t_ = .344)
0.8 C.P. from figure (8)
(25° API, T, = 388)
i,e = 0.8 x2.42 = 1,93 1b/(ft)(hr)
0.4 C.P. from figure (8)

(40° API, t_ L 344) |

i,e = 0.4 x 2.42 ~ 0.97 1b/(ft)(hr)

0.067 BUT/(hr)(ft2)(°F/ft)

_ from figure (5) (25° API, TC = 388)
0.0745 BTU/(hr)(ft2)(°F/ft)
(40° API, tc = 344)
from figure (5) N &
Wh X Ch X AT .

12,000 x 0.61 x 100
732,000 BTU/hr

Q/(C, x At)
732,000/(0.62 x 50)

. 23,612.9 1b/hr

Nh/ap | | b
12,000/(1.5/144)

1,152,000 1b/(hr)(ft2)

wc/aa

23,612.9/(2.63/144)

1,292,873.6 1b/(hr)(ft2)

" (1,291,763)

-

e 30

' (0.6103)

(0.6209)‘
(2.504)
(1.0795)

(0.06727 .

(0.0746)

(732,377.7) . ¥

(23,59é.6) \g\

(1,152,000) °




(Re)y = (DX ‘Gh)/ub’ _ .
= (1.38/12)x(1,152,000)/(1.93) © - (50,857.3)
= 68,642.5 ‘
i (Re)h = (De X Gc)/Uh ‘ i .
.= (2.02/12)x(1,292,873.6)/(0.97) = 224,364.56 (201,434.9)
Assume 6 hairpins | | Q (6)
a0 ft ~ (40)

t

f length of each hairpin
from figure (9)
(’Fact)h =k, [C, x w7k 1/

0.175 BTU/hr(ft )(°F/ft)  (0.1929)

(25° API, Uy, '= 0.8 C.P.)

(Fact)c_ ke [C. x uc/kcﬁI/? = 0.145 BTU/hr(ft?)(°F/ft)

< o (40° AP, p, = 0.4 C.P) (0.1551)

~
A} 3
[4

from figure (10)

- o J .= 185 (Reh 6.86 x 10%)

3 = 500 (Re, = 2.24 x 10°) \ I %
Jh X (Fact)h x 1/D ' ‘ ;

5185 x 0.175 x 1/(1.38/12) | : ;

‘= 281.5 BTU/(hr)(ft2)(°F) ' (247.85)

-

=X

e

S

-
-2
I

3, x (Fact)_ x 1/De : ,
500 x 0.145 x 1/(2.02/12) | |
= 430.7'BTU/(hr)(£t2)(°F) C (422.26) :
(i/é, x O/D) » : é
= 281.5 x (1.38/12)/(1.66/12) « ‘
= 234 BTU/(hr) (F£2) (°F) | (206.04)
ot (/8 )Tt )/ e, + g ]
= 344 + (234)(388-344)/[234 + 430.7]
369.5 °F : (358.4)

. Xz
o
~.
-
(o]
n

==
Py
o
—
B-
]




From figure (8) find va1ue's. of viscosities at wall utuemperature
1.00 C.P. or 2.42 1b/(ft)(hr) (3. 356)
0.38 C.P" or 0.9196 1b/(ft)(hr) (0.9573)
(/)" = (0.8/1.00)0+1% = 0,969  (0.965)
(ue/u, )0 = (0.4/0.38)°-1% = 1.0072 " (1.017)

(Hi0/¢p)(¢h) = 234 x 0.969
226.746 BTU/ (hr) (ft2)(°F) (198.86)

(/o) (#c) = 430.7 x 1.0072

433.8 BTU/(hr)(ft?)(°F) ‘ (429.42)
VHo o+ VK + R )
1/(226.746) + 1/(433.8) + 0.004
1/0.0107 = 93.32 BTU/(hr)(ft )(°F) (88.05)
Q/(U6~x LMTD) = (732,000)/(93.32 x 45.5) "
172.39 ft? (182.76)
L A/a® = 172.39/0.435 = 396.3 ft.  (420.13)
n L/ 396.3/40 = 9.9%10 . - (1)
(Rea') = (De) (Gc)/u, o o
- (0.81/12) (1,292,873.6)/0.97 = 89,968  (80,773)

from figure (11)

fh’ = 0.000170 (~Reh ="6.8 x 10*) - (0.0002)

£, = 0.000160 (Rea'= 8.99 x 10%) . (0.0002)




|
|
‘ . from figure (6)
l

o

‘ (s.6.), = 0.78 (T = 388, 25° API) (0.7802)
— c :
/////‘% (s.6.), = 0.72 (Té = 344, 40° API) (0.7113)
(oP),, = [fy x (6)% x (1) (n)]/[5.22 x 10%° By (5.6.)p x 0p]
] = [0.00017 x (1,152,000)2 x (40) (10)1/[5.22) x 10*° x~ '
: (1.38/12) x 0.78 x 0.969] : e
. - . . .
= 19,889 > 10 PSI NOT OK g .. (24.08)
L(DP)C = -[f, x (6)% x (1) (m))/[5722 x 10 x De'x (S.6.), x-0.]
= [0.00016 x (1,292;873.6)% x (40) (10)1/[5.22 x 10'° x._
" (2.02/12) x 0.72 x 1.0072] '
= 16.788 > 10 PSI NOT OK "~ (19.1854)
2. Arrangement #2 (Design Problem #1.- Trial #1)

Assume that cold fluid is placed in the pipe and hot fluid is in

1

~ b mate— "

the annulus. See figure (3).,

Calculations 0 ) ;

Assume hairpin size is 2} x 1§ IPS (Trial #1)

a, = 1.5in? ' (1.5)

a, = 2.63in> ' : (2.63)

B = 1.384n ST (1.38) .
D, = 2.02in | | " (2.02) §

D, = 1.661in - v . - (1.66) )

a" "= 0.435 ft? - (0.435)
0, = 081dn | (0.81)°

At, = T,-t, = 450-375 = 75 °F (75)

Aty = Ta-t; = 350-325 = 25 °F ' (25) -




0.333 - (0.333)

Aty/At, = 25/75
00 °F . . (100)

Ratio

AT = T,-T, = 450-350
LMID = (At.-At,)/In(Aty/At,)

=" (75-25)/1n(75/25) = 45.5 °F O (45.51)
kc = 0.48 from figire (7) i | (0.46)
(AT = 100, 25° API) C .
,Fc. = °0.38/from figure (7) S
(ratio = 0.333, K_ = 0.48)
Tc .= T, + Fé (aT) \
= 350 +0.38 (100) = 388 °F- - (387.96)
t, = ti# FC.(AT)>J " _ |
= 325 +0.38°(50) = 344 °F . " (343.98)
C, = 0.61 BTU/(1b)(°F) . . (0.6103)
from Figure (4) (T, = 388,'25f’AP;)
e, = 0.62 BTU/(1b)(°F) ’ g (0.6209)
from figure (4).(tc = 344, 40° API) '
W, = 0.8 C.P. 0K e
from figure (8) (25° API, Tc = 388) .
) or 0.8 x 2.24 = 1.93 1b/(ft)(hr) ) (2.604)
- Mg " = 0.4 C.P. from figure (8) ﬁ
(40° API, t_ = 344)° N
or 0.4 x 2.42 = 0.97 b/(ft)(hr) " (1.0795)
K, - 0.067 BTU/(hr) (ft2)(°F/ft) - '(0.0572)
' from figure (5) (25° API, T_ = 388) |
ke = 0.0745 BTU/(hr)(ft?)(°F/ft) ' (0.0746)
from Figure (5) (40° API, t, = 344) «
: .,




Q=W ox o ox AT A “‘\\\\\\\\;‘__///;///
= 12,000 x 0.61'x 100 = 732,000 BTU/hr (732,377.7) o

We o= Qe xat) .-
= 732,0007(0.62 x 50) = 23,612.9 Ib/hr (23,592.6)
G, = wh/aa’ = ]2,000/(2,63/144): (657,034.1)
= 657,03.2 1b/(hr)(ft?) .
G =W /ay = 23,612.9/(1.5/144)
< = 2,266,838.4 1b/(hr)(ft?) | "~ (2,264,892)
(Re); = (D, x §)/u = (2.02/12) x (657,034.2/1.93)
o = 57,306.1 ‘ (42,458.16) .
(Re), = (D' 6./ug) = (1.38/12) x (2,266,838.4)/(0.97)
' ¢ " = 268,748.8 ST (241,283.2)
Assune 6. hairpins E , - {6)
length of each hairpin = 40 ft S _ (40)

.

(Fact:), = ky [C, x w/k 3/% = 0.175 BTU/hr(ft2)(°F/ft)
' ’ - (0.1929)
from figure (9) (25° API, y = 0.8 C.P.)

(Fact.)é
from figure (9) (40° AP], Mo = 0.4 C.P.)

from figure (16):-

J, = 165 (Re, =5.73 x 10%)
= N = 5
J, = 570 (Re_ = 2.69 x 10°)
~Ho/¢h = Jh X (Fact)h x 1/De
"= 165 x 0.175 x 1/(2.02/12) :
L= 171.5 BTU/(hr)(££2)(°F) P T ()

od

% ' ]

K JC, x u/k3/? = 0.145 BTU/hr(FE2)(°F/ft) (0.1551)

o R

AR o A




\—v\
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( .
3 % ~ ' N
“Hi/¢c =, x (Fact.)_ x 1/D,
= 570 x 0.145 x 1/(1.38/12) . .
= 718.69 BTU/(hr)(ft2)(°F) Yt (M6.95)
Hio%p = [Hi/¢. x (D/Do)] ,
= [718.69 x (1.38/12)/(1.66/12)]
= 597.46 BTU/(hr)Q§t2)(°F) - (596.02)
t, o to t (lep) x (Tt )/DHy /e, + Ho/gy]
= 344 + (597.46) x (388-344)/(597.46 + 171.5)
= 378.18 °F -~ o(379.3)
from ’f'igure (8), find values of viscosities at wall témperatﬁre
. Won = 1.00 C.P. )
or . = 1.0 x 2.42 = 2.42 1b/(ft)(hr) (2.82)
D Mo = 0.3C.P. | |
o u_ = 0.3 x 2.42 = 0.75 1b/(ft)(hr) (0.78)
A =. (uc/uwc)°"“ = (1.93/2.42)°-%* = 0.968 (0.98) -
- R = liefue) = (0.97/0.75)p " = 1.036 (1.046)
Hio = (Hi°/¢p) x (¢,) = (597.46)(1.036) -
= 619.36 BTU/(hr)({Ft2)(°F) . (623.7)
Ho = (Ho/d,) x-(¢,) = 171.5 x 0.968 = 166.0 )
= 166.0 BTU/ (hr)(£t2)(°F) (144)
3V = T/H + 1fHo + R
?;z_ = 1/(619.36) + "1/(166) + 0.004 = 0.01163
Up - = 1/0.01163 = 85.92 BTU/(hr){ft?)(°F) (79.79)
A = Q/(Up x LMTD) = (732,000)/(85.92 x 45.5)
= 187.24 ft2 o (201.66) - '
% 2
9%




~

L ‘= Aa" = 187.24/0.435 = 430.4 ft (463.59)
h- = L1 = 430.4/80 = 0761 7 (12)
. ‘ (Rea‘),ph = (D, xGluy, = (0.81/12)(657,034.2)/1.93
= 22,979.1 (17,025.3)
“from figure (11):-
IA‘\\\\ f, - 0.00023 (Rea' = 2.207 x 10%) - .  (0.0002) °
f, = 0.00012 (Re, “= 2.687 x 10°) (0.0001)
’ i 4 - ’:- ‘- - . . - . . -

from figure (6)

(5.6.), = 0.78 (T, = 388, 25° API) | (0.7802)
($.6.), .= 0.72 " (t. = 344, 40° API) © (0.7113) o
./(np)h = [f, x (6)% x (1) x (n))/[5.22 x 101°'g D X (S.6.), x ¢,]

u

[(0.00023)(657,034.2)% x 40 x 111/[5.22 x 10*°® x (2.02/12) |
' x 0.78 x 0.968 1 \

76:58 < 10 ST O - C(7.49)
= [fc X (GC)2 x (1) x (n)]/[5.22 x 101 x D x (S.G.)c X ¢c]

[0.00012 x (2,266,838.4)% x (40)(11)1/[5.22 x 10 x
(1.38/12) x 0.72 x 1.036]

= 60.589 > 10 PSI NOT 0K . (69.61)

(0P), |
e N,




Cohclysion: -
-This project clearly demonstrates that double pipe heat

exchanger deéign can be computérized s‘uccessfuﬂy. ’The program‘-

" was restricted to eleven selected oils (10° API » 60° API), -

Data not presently ,i'nc.orpora'ted on other liquids an&:oﬂ.{
should be gathered in ordé‘r‘to widen the relevance and §cope'
of the design. “ ’ v ’ )
“Through sucl;‘ research, a useful and widely applicable
computerized procg,durl‘e for the desian of the complex, but

widely used heat exchangers such as the shell and tube type

could become readily available, thus saving valuable engineering .

design time.
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TanLe6.2. Frow Areas anp Equivarext Diadeters 1N Dotaie Piee Excuancers

Flow area, ind é\unulus, in.
Exchanger, IPS
' Annulus| Pipe d, d, ' .
2 X1¥ 1.19 | 1.50 | 0.015 | 0.10
. 2 X 14 2.03 1.50 2 02 0.81
3 X2 2.03 3.35 1.57 0.69
) 4 x3 3.4 | 7.38 | 114 | 0.53
o ™ . \

A

Table 1: Flow Areas and Equiv:alent Diameters of _
Standard Double-Pipe Heat Exchangers

.
=y




Tanrk 1. Dinessioss oF S1EEL Pies (1rs)y

P4t th e p
pipre s1ze,

)¢

Nominal

IPS, n.

%
41

oo
[ 3N

aD, in,

0.405
0.540
0.675
0.840

1.05

3.60

’

4.50

6.625

8.025
;0.75

12.75
14.0
16.0
18.0
20.0
229
24.0

Schedule
No.

10
80t

40*
&0t

10+
80t

40*
801

40°*
80t

40*
80t

{0*
801

40*

Flow area burl:u“lt‘ ’)‘/‘E: hin Werght
D, inc ] per ipe, |— ——==0 e | e lin ft,
m.! Outside | Fnxide | b stec
“o.260 | 0.058 | 0.106 | 0070 | 0 25
0.215 0.036 0.056 0.32
0.361 010t] 0.141 | 0.095 0.43
0.302 0.072 0.07Y 0.54
0038 0.102| 0177 | 0120 | o0 57
0,423 0.1I |, 0.111 | 0 74
0.622 0.301 | 0.220 0.163 0 85 ("
0.51G 0.235 0.143 1.09
0.82¢ 0.531 | 0.275 | 0.216 113
0.742 0.432 0.104 1.48
1019 0.861 |. 0.314 | 0 274 1.68
0.957 | " 0.718 0.250 2.17
1.380 1.50 | 0.435 | 0.3G2 2.28
1.278 1.28 0.335 3.00
1.610 2.0t | 0.498 | 0.422 2.72
1.500 1.76 0.393 | . 3.04
2.067 335 | 0.622 | 0.542 3.66
1.939 2.5 0.508 5.03
2,469 47 | 075377 0647 |, 580
2.323 4.23 0.60Y 7.67
3.068 7.38 | 0.017 | 0.804 7.58
. 2,900 6.61 0.760 103
4.026 12.7 1.178 | 1.055 10.8
3.826 11.5 1.002 15.0
6.065 | 28.90 1.73¢° | 1.500 19.0
5.761 26.1 1.510 28.6
7.981 50.0 2 258 | 2.000 28.6
7.625 | ‘45.7 2.000 43.4
10.02 78 8' 2.814 | 2.62 40.5
.75 74.6 2.55 5.8
12.00 | 115 3.338 | 3.17 43.8
13.25 138 3.665 | 3.47 - | 54.6
15.25 183 4.180 | .4 00 62.6
17 25 231 4.712 | 4 52 72.7
19.25 | 291 5236 | 505 78.6
21.25 | 355 5747 | 5.56 84,0
23,925 425 6.283. | 609 04.7

" Commonly knuwan as sthadard. .
. 1 Counnonly known as extra hoavv.
| § Approximately. B

—— s e S e A

Table 2: Dimensions of Steel Pipe (IPS)

;
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Specific Heats of Hydrocarbon Liquids
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Fig. (4):

: | c = (£+100) + C,

Liquid
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Fig. (5):

K = ¢ - (1
§

Liquid - c ¢

<h 1 2
10° API , 0.0685 0.0000208
15° APT 0.0708 0.0000213
20° API 0.0735 0.0000225
25° API 0.0759 0.0000225
30° API 0.0780 0.0000230
35° APT - 0.0801 0.0000250
40° APT 0.0830 0.0000243
45° APT 0.0852 0.0000248
50° API 0.0880 © 0.0000258
55° APT 0.0902 0.0000267
60° APT 0,0925 0.0000275
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Specific Gravities of Hydrocarbon Liquids

(6) :

Fig.

(t)

0.000360
0.000359
0.000365
0.000368
0.000365
0.000388
0.000380
0.000570
0.000410
0.000660
0.000440
0.000895
0.000446
0.00210

1.025
0.955
0.955
0.923°
0.895
0.873
Om842

(Y

Liquid
oil

10° APT
15° API
20° API
25° API
30° API
35° API / .
40°- APT

0 < £ < 700
“t > 700

0 < "< 700
t > 700

0 <t <600
"t > 600

0 <t <550~
t > 550

0 <t <500
t > 500

0.000446
0.00242

L

0.985
0.828
1.000
0.785
1.185
0.763
1.900

45° APT
50° API
| 55° API
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ke = G (aT) + ¢,
Liquid c
011 ! 2 1, R

10° APT | 0.003820 1.12 Fo = Re ]nﬁ?l 1 - =
“15° APl | 0.003100 0.75 1+ c

20° API * | 0.002380 0.38 T (R) i

[ 25° API 0.002200 0.24 ¥

30° AP | 0.002000 0.10 ‘ "

35° AP | 0.001670 0.06 where R = At,/At,

40° API | 0.001340 0.02 .

45° API | 0.001127 0.01 ,

50° API | 0.000914 0.00 i

55° API | 0.000796 0.00
C 60° API | 0.000678 0.00
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Viscosity of Water and Petroleum Prgducts

. Ethane (C H,}

2 Propane {C ‘"".;

3. Butane (C My}

4, Natural Gosoline

5. Gasolne N

4. Water

.
7. Kerosene

8 Dustiltore

9. 48 Deg. API Crude )

10 40 Deg APl Crude

11, 356 Deg. API Crude

12 326 Deg APl Crude

13 Sal Creek Crude

14, Fuel 2 {Man!-

15. Fuel 5 (Man)

16 SAE 10 Lube {100 V1 ’

V7 SAF 30 tuba (100 V)

18. Fuel 5 (Mox') or
Fuel & (Min)

19 SAE 70 Lube {100 V)

/

20 Bunker C Fuel [Max ) and
M C Residvum : /‘

21 Asphalt

Data extracrad in pare
by permission from the
O and G Journal
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(See table on next page)
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ay =Flow area th-ouah tubes 5q ft

=
S

= Specific heat of flud, B*u/ibx*F

«{nside diamerer o7 .uoes 1t

=Mass veiocity W/as, b/ hr x s #

=Fi'r1 coett cient Btu,br g so it x°F

= Tnermal conductivity, Stushr x.sq i a °F/ §+
=Length of parh <t

=We:ght flew of Fluid, b/hr

= Viscosity at tne calomc temperature, 19/ £t chr U7

=Viscosity at the rube wail temperature, ib/ft x hrr __
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