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Topics

Equipment — heat exchangers

= Combines information about
fluid flow & heat transfer across
internal boundaries

= Considerations

When do | need to know the
specifics of the heat exchange
configuration?

How is the heat transfer
coefficient related to the
outlet temperatures?

What is an approach
temperature?
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Fundamentals of heat transfer
& exchange
" Heat transfer across boundaries
Conduction
Convection
Radiation

" Coupled with internal energy
changes

Sensible heat effects
Phase change
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Topics

Fundamentals of heat transfer
& exchange
= Heat transfer across boundaries
Conduction
Convection
Radiation

= Coupled with internal energy
changes

Sensible heat effects
Phase change

= Area-averaged temperature
difference
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Equipment — heat exchangers

= Combines information about
fluid flow & heat transfer across
internal boundaries

= Considerations
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specifics of the heat exchange
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How is the heat transfer
coefficient related to the
outlet temperatures?

What is an approach
temperature?
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Fundamentals
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Heat Transfer — Modes of heat transfer

Conduction

= Flow of heat through material with no bulk movement of the material itself

= Usually thought of through solid, but can also be through a stagnant fluid

= For a flat sold:

Q_ T,-T

— =k hot cold
A Ax
= Through a circular pipe:
Q 27
S = k(T T
L In(Do/D’.) ( hot cold
= Through a sphere:
. 27
Q = 'I 'I k(ThoiL _Tcold)
7+7
D D
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Heat Transfer — Modes of heat transfer

Convection
= Flow of heat associated with fluid movement — natural & forced convection

Q
X:h(Thof_Tcold) | -
IIIII
Radiation o J
= Heat transferred via electromagnetic
radiation ’
% = 86(.’-}:1‘ - chld)

- [SG(T";; + Tci’d ) (Thof + Tcold )i| (Thof o Tcold)
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Heat Exchangers — Some Basics

Focus is on the system to have heat flow from the hot fluid(s) to the cold
fluid(s) usually without direct contact

= Use bulk flow parameters to relate the heat conduction across the flow barrier to the change
in energy of the hot & cold fluids

= Account for the series of resistances to heat transfer between the hot & cold fluids
Heat exchangers

" Heat to & from flowing fluids through impermeable barrier(s)

= Driving force for heat through barriers is the temperature difference between the
two fluids on opposite sides of the barrier

= Relate the heat effects in the flowing fluids to the change in enthalpy
Often this can be related to the difference in the inlet & outlet temperatures for

the fluids
Q, =m, (HH,,.H — HHIOU,) = Q, = thCp,H (TH',.n — THIOU,) for constant Cp,H
Q. =m, (HCIOU, — HC,in) = Q.= rhCCp,C (TCIOU, — TC,in) for constant Cp,C
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Heat Exchangers — Some Basics

TH,out

= Relate the heat across T
the barrier to the 7 Th(x) >
temperature difference - Telx) -
across the barrier Teom Ten
» X

d(Q/L :
% =U (Th — TC) = Q= (UA)[Th o TC]AREAAVERAGED

" |t can be shown that for many typical configurations the AREA AVERAGED
temperature difference is the LMTD (Log Mean Temperature Difference)

- e —— (Tyo—Teo) = (Ts - T.
6=(UA)aT), vhere (37), =" Ec,To> (%)

H,0 c,0
In| ————
TH,] - Tc,1
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Heat Exchangers — Some Basics

LMTD is a prescribed calculation — calculating the LMTD from the
procedure is always correct.

o= AT —(AT), lim(LMTD) = (AT), +(AT),
In{(AT)l} (aT),(4T), 2
(AT)Z

LMTD is appropriate for use as the area averaged temperature
difference when temperature vs. heat released/absorbed is a
straight line

= 1-1 co-current & counter-current flow and ...

= Both hot & cold sides have a constant heat or ...

= Only pure component phase change on one side or the other (no
subcooling and/or superheating)

Updated: January 29, 2019 COLORADO MINES
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Heat Transfer — Some Basics

Heat exchangers — Co-Current vs. Counter-Current vs. Cross-Current flows

= Counter-current flow allows the outlet temperatures to approach more closely to
the inlet temperature of the other fluid

= Cross-current flow is complicated & requires knowledge of the actual flow patterns

Heat exchangers — Industrial Heat Exchangers

= Industrial heat exchangers have a combination of heat transfer through multiple
barriers and a combination of counter-current & co-current flow

LMTD must be “corrected” to give the actual area-averaged temperature difference (i.e.,
driving force) — this is the source for one type of “F” factor

Updated: January 29, 2019 COLORADO MINES 10
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Heat Exchanger — Example 1

Heat 291,800 Ib/hr cold C2+ NGL feed from 80°F to 105°F using 191,600 Ib/hr
hot C3+ bottoms @ 240°F
= Assume only sensible heat effects
C2+ NGL feed heat capacity — 0.704 Btu/Ilb F
C3+ Bottoms heat capacity — 0.830 Btu/Ib F

Determine
= C3+ Bottoms outlet temperature N
= Exchanger duty C2+ NGL Feed

291,800 Ib/hr
80°F

145°F

= (UA) for the exchanger

N

N

C3+ Bottoms
191,600 Ib/hr
240°F

Updated: January 29, 2019 . COLORADO MINES
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Heat Exchanger — Example 1

Exchanger duty & C3+ Bottoms outlet temperature determined from energy
balance around exchanger

Q=m.C, (T, —T.,,)=(291800)(0.704 )(145 - 80) =13,353,000 Btu/hr
Q 13353000
S N (191600)(0.828)

Determination of UA requires configuration information

= 1-1 counter-current flow 1-1 co-current flow
240-145)—(155.8—80 240-80)—(155.8—145
(AT),, | )| )=85.1°F (AT),, _{ ) ):55.4°F
n 240145 n 240—80
155.8—80 207.7-105
' 13353000 Bt ' 13353000 Bt

uA=_— 4 _ ~157,000—— A= _ —241,000——~

(A7), 851 hr°F (A7), , 554 hr°F

Updated: January 29, 2019 COLORADO MINES 12
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Heat Exchanger — Example 1

Determination of UA requires configuration information
= 1-2 (1 shell & 2 tube passes) combines both counter & co-current flow

The fluid in the shell pass transfers heat separately to the two tube banks

1-2 Co & Counter-Flow

T4 > >
S e
7 S
( ~ {1 I T U e oo
N J
% ~

Ref: GPSA Data Book, 13" ed.
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Heat Exchanger — Example 1

= 1-2 exchanger calculations require a configuration correction to relate
temperatures to the UA
= Does not include crossflow effects across the tubes

FIG.9-4
LMTD Correction Factor (1 shell passes; 2 or more tube passes)
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o™ e e . 1 1 } i T . ¢ } e TR i
Rl | T R e e AR s (R—1)In
5 Fiibeks] i AR e AT e i it oo [p2
8 HHHRS LT BT S TR i gaal +H 2-P|R+1++R" +1
o T 5 SRt ITR R RAS! SRR 1 H
= [ i ST SISV IELSIL SRS eas te
] RN R R
01 HEE IR i l\f:: il i Ref: Kern, Process Heat Transfer, McGraw-Hill, 1965
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EEH L T R e e Hi
(1] 0. 0.4 0.5 0.6 0.7 .8 .9 10
P = temperature efficiency
T4 | LMTD Correction Factor m
e ——
{:—*h 1 shell pass 2 or more tube passes R Ref: GPSA Data Book, '|3fh ed.
l“ " pofe-t poTisTe CMTD = (LMTD)(F1)
Tz Ti-t - -t
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Heat Exchanger — Example 1

= 1-2 exchanger

~ (240-145)—(155.8-80)

(AT)LMTD o [ 240 —145 j
Inf| —

155.8-80
p 145-80 _
240-80
o _240-155.8
145-80
F, =0.86 (from chart)

0.4

1.3

Q
UA=————
FZ (AT)LMTD

_ 13353000 _, o) 5o BMY
0.86(85.1) hr°F

Updated: January 29, 2019
Copyright © 2019 John Jechura (jjechura@mines.edu)

=85.1°F

FIG.9-4
LMTD Correction Factor (1 shell passes; 2 or more tube passes)

1.0

0.9

08

F1 LMTD Correction Factor

o
o

o
in

N T T
! i R - T L TN [Tl 11t ] H
- .y T ™ N P 3 oy g | Py . =
N I R e e T
i ' NN : N
1 (151 1 NSRS T 1
{ M*k;.‘x N n,l\,
883 NN TN TN RN R N N
\rS. X NN { A2 B
: f\“*&i PRI TH T g-o‘:?_" o
- : S A - e Yo he Ag H\e e 1 T
; : olmlie > v-’i,c\o @)= AN \ \
I i A i SN N jSggg s na: ms
i858 F51 b “i H 986 188 158 15841 b A
EHHEIRAN RN R AR uisisianist
mamnn o 1S S 4 b g i JAOSS L84 18 A
,41:1,1'.: ; \:‘ { [ aii:.
Satbegimniiataby SEITIEE] [RE IR ERISIER: N i gapelisan
H m :I' | I I8 Ek AR L b1 480 ‘L iS85 Bas1 shast 150
Moo .::m.:. ikt i k: R
PR i 11 | B A ' 3 1 8 B 1 1
SESSIRI IS B RREE 83 S8 i ! 'kzi [ it % i “; ]
o 0.1 0.4 0.5 0.6 0.7 8 0.9 1.0
P = temperature efficiency
T4 | LMTD Correction Factor N
e
[ :—"ta 1 shell pass 2 or more tube passes e,
—c-h
1" _ta-ty F!=ﬂ CMTD = (LMTD)(F1)
T2 T1't1 t2't1

Ref: GPSA Data Book, 13™ ed.

COLORADOSCHOOLOFMINES

EARTH @« ENERGY @#¢ ENVIRONMENT

15



Heat Exchanger — Example 1

1-1Counte - Current Flow

Temperature(F)

100

oz 0.4 e 08

1-1Co-Current Flow
TemperatureF)

100

1.0

Fractional Length

02 0.4 08 [iE:]
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Heat Exchanger — Example 1

Representation of temperature profiles with combined flow becomes more
complicated.

1-2Co & Counter - Current FLow

Temperature(F)

100 -

. e e —l L . L— Fracticnal Length
0.2 0.4 0.e 0.8 1.0

Updated: January 29, 2019 COLORADOSCHOOLOFMINES. 17
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Heat Exchanger — Example 2

Heat 291,800 Ib/hr cold C2+ NGL feed starting from 80°F using 191,600 |b/hr
hot C3+ bottoms @ 240°F. Drive the exchanger to a 10°F approach temperature

" For 1-1 Counter-Current flow, what are the outlet temperatures?
The C2+ NGL Feed is either heated to 230°F (approach on the hot inlet side) or ...
the C3+ Bottoms is cooled to 90°F (approach on the cold inlet side)

= Assume only sensible heat effects
C2+ NGL feed heat capacity — 0.704 Btu/Ib F
C3+ Bottoms heat capacity — 0.830 Btu/Ib F

?PF

C2+ NGL Feed
291,800 Ib/hr

Determine 80°F 2
= The outlet temperature that is not controlled by \J
the approach T
= Exchanger duty 191,600 Iyt

240°F

= (UA) for the exchanger

Updated: January 29, 2019 ] COLORADO MINES
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Heat Exchanger — Example 2

Exchanger duty & “other” outlet temperature determined from energy balance
around exchanger

= If the hot side inlet has the approach temperature

T, o =T, —10=230°F

c,out
Q=m.C, (T, .. —T.,,)=(291800)(0.704)(230 - 80) = 30,814,000 Btu/hr

T,,,n——,q 40— 20019000 _ 45 gop
" omC,, (191600)(0.828)

T,

out

This has a temperature crossover — this is not the controlling side!

= |If the cold side inlet has the approach temperature:

T, .=T.. +10=90°F

h,out c,in

Q - rhhcp,h (Th,in - T

h,out

)=(191600)(0.828)(240—90) =23,797,000 Btu/hr

23797000
7-c,out‘ :Tc,in +.LA:80+ =195.8°F
m.C,. (291800)(0.704)
Updated: January 29, 2019 < COLORADO MINES
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Heat Exchanger — Example 2

Determination of UA for 1-1 Counter-Current flow using the cold & hot outlet
temperatures of 195.8°F & 90°F, respectively

~ (240-195.8)—(90-80)

AT = =23.0°F
(AT) o In(240—195.8j
90-80
23797000 Bt °
UA - Q - - 1' 035'000 Ou C2+ NGL Feed a
(AT)LMTD 23.0 hr’F 291,800 Ib/hr
80°F 195.8°F
C3+ Bottoms
191,600 Ib/hr
240°F
Updated: January 29, 2019 COLORADO MINES 20
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Heat Exchanger — Example 3

Heat 291,800 Ib/hr cold C2+ NGL feed from 80°F using 191,600 Ib/hr hot C3+
bottoms @ 240°F. 1-1 Counter-Current heat exchanger from Example #1
designed with 25% excess heat transfer area (UA=196,000 Btu/hr °F)
= Assume only sensible heat effects
C2+ NGL feed heat capacity — 0.704 Btu/Ilb F
C3+ Bottoms heat capacity — 0.830 Btu/Ib F

Determine .
= Both outlet temperatures C2+ NGL Feed
291,80(3 Ib/hr
= Exchanger duty o me
Need to couple all three equations relating heat \J

exchanger duty find the three unknowns

C3+ Bottoms
191,600 Ib/hr
240°F

Updated: January 29, 2019
Copyright © 2019 John Jechura (jjechura@mines.edu)
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Heat Exchanger — Example 3

Even though it looks like you’ll have to solve the three equations in an iterative
manner, it can be shown that the heat transfer duty is:
—T 1 1

ci) where A =exp UA[ , —— ] for m.C,. #m,C,,
mCCp,C mHCp,H

(A-1)(T,

H,in

A 1

Q=

mC Cp,C mH Cp,H

In the limiting case where the mCp terms are equal:

?PF

C2+ NGL Feed
T _ T 291,800 Ib/hr

N __ "H,in Cin ¢ - o 80°F
Q=-""—" if mC, . =m,C,, #

??F

UA
1+rhcp \ J
C3+ Bottoms

191,600 Ib/hr
240°F

Updated: January 29, 2019 . COLORADO MINES
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Heat Exchanger — Example 3

Even though it looks like you’ll have to solve the three equations in an iterative
manner, it can be shown that the heat transfer duty is:

(A-1)(T,

H,in

A 1

mC Cp,C mH Cp,H

—T, in 1 1 . .
= ) where AEexp{UA[ - ﬂ for m.C,. #m,C,

Q= :

mC Cp,C mH Cp,H

So: 1 1
A= 196000 — =0.7548
ex'{( )((291800)(0.704) (191600)(0.828)}}
. (0.7548—-1)(240-80) _ 14 924 000 Btu/h
Q= 0.7548 1 T Wt d e
— C2+ NGL Fee
(291800)(0.704) (191600)(0.828) 261,800 Io/he
80°F 152.6°F
Q 14924000 . ’ / '
Toou =T ——2—=240— =145.9°F
e m e (191600)(0.828) \
Tc » :Tc = (-3 —80 + 14924000 =152.6°F fj{ﬁg’;ﬁf;‘hi
' " mC,. (291800)(0.704) O
Updated: January 29, 2019 ] COLORADO MINES 23
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Heat Exchange with Phase Change

Can get significant heat exchange with little to no change in temperature

Propane P-H Diagram

FIG.24-20

Temperature’F
S = Specific Entropy, BlWibF = = =

V = Specific Volume, ft*ib

T=

Propane
Pressure Enthalpy Diagram
Datum Compound at reference conditions

operty Model for Fluid-phase Propane,”

Int.

=0

=0, S(sat liq)

H (sat liq.)

F 0 e 6200, |

sl1s

="

9200w N‘,o =
ST —— Lt

J. Thermophys., 21(5):1045-1072, 2

8000| Miyamoto, H., and Watanabe, K., “A Thermodynamic Pre

g
7000
6000

ejsd ‘aunssaid

Enthalpy, Btul/lb

W By Virtual Materials Group, Ine.

PROPANE

GPSA Data Book, 13" ed.

Ref
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Heat Exchanger — Example 4

Condense 10,000 Ib/hr saturated vapor propane at 120°F using 95°F air. Figure
a 10°F approach temperature, so heat the air up to 110°F.

= Needed physical properties
Air heat capacity — 0.24 Btu/lb F
Propane heat of vaporization @ 120°F — 1,236 Btu/Ib

Determine
= Exchanger duty

" Flow rate of air needed
= Exchanger UA

Updated: January 29, 2019 - COLORADO MINES
Copyright © 2019 John Jechura (jjechura@mines.edu) :

25
EARTH ¢ ENERGY #¢ ENVIRONMENT



Heat Exchanger — Example 4

Duty determined from the propane energy balance. No sensible heat effect.

Q =m,, =(10000)(1236) =12,360,000 Btu /hr

Air flowrate from its energy balance:

Q 12,360,000

M= = = 3,430,000 Ib /hr

© & (T -T.) (024)(110-95)

c,out c,in

Calculate UA knowing the terminal temperatures
~(120-110)-(120-95)

(AT) - =16.4°F
LMTD n 120—-110
120-95
: 12 Bt
UA — Q _ 360000:755’()00 u
(AT) 16.4 hr°F
LMTD
Updated: January 29, 2019 3 COLORADO
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Heat Exchanger — Example 4

Calculating the UA is essentially the same as when there is no phase change
since the temperature profiles with heat release are still straight lines. The hot
stream’s profile just happens to be a constant temperature.

1250 _f—H&— Cold Compasite
_—%&— Hot Composite
120.0
1150
n
o
=
© 1100 —
[0 -
o
% //
= /Er
105.0 /
1000 /
95.00
0.000 2.000e+006 4.000e+006 6.000e+006 8.000e+006 1.000e+007 1.200e+007 1.400e+007
HeatFlow (Btu/hr)
Updated: January 29, 2019 COLORADO MINES
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Heat Exchanger — Example 5

Condense 10,000 Ib/hr propane vapor that is superheated to 160°F (but still
with 120°F vapor pressure) using 95°F air heated up to 110°F.
= Needed physical properties
Air heat capacity — 0.24 Btu/lb F
Propane vapor heat capacity — 0.52 Btu/Ib F
Propane heat of vaporization @ 120°F — 1236 Btu/Ib

Determine
= Exchanger duty
= Flow rate of air needed
= Exchanger UA

Updated: January 29, 2019 ' COLORADO MINES )8
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Heat Exchanger — Example 5

Duty determined from the propane balance. Combine sensible heat & latent

heat effects
Q=m, [kmp +C (T

h,in

~T,4) | =(10000)[ (1236) + 0.52(160 - 120) |

=(10000)[1236 + 20.8]

= 125,680,000 Btu/hr
Air flowrate from its energy balance:

Q 125,680,000
h o= _ — it = 34,900,000 Ib/h
m C o (To—T,) (0.24)(110-95) /he

c,in

Just using terminal temperatures gives an incorrect result!

160—110)—(120-95 ' 12 Bt
(ar),,,, =" )= ) _36rF = uac Q125680000 .0 o0 Bl
(1 601 10) (AT) 36.1 hr°F
|n - LMTD
120 - 95
Updated: January 29, 2019 ] COLORADO MINES 29
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Heat Exchanger — Example 5

Calculating the UA is more complicated than just using the terminal

temperatures since there is a drastic break in the temperature profile for the
condensing propane

- —8B— Cold Composit /
== Hot Confpasite
150.0 /
140.0

130.0 //
120.0 B P i i F—er o & A

110.0

160.0

Temperature (F)

100.0

90.00 T T T

1 | ] | ]
0.000 2.000e+00& 4.000e+006 6.000e+00& 5.000e+00& 1.000e+007 1.200e+007 1.400e+007 1.600e+007
HeatFlow (Btu/hr)

Updated: January 29, 2019 COLORADO MINES 30
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Heat Exchanger — Example 5

Determine the intermediate air temperature between the sensible & latent
heat zones

Q,.q = m,\,,, =123,600,000 Btu/hr
: 12
T =Tt Qe _g54 5000090 _ 49 gor
' " mC . (34,900,000)(0.24)

Calculate the UA values for the two zones

_(120-109.8) - (120-95) _(160-110)—(120-109.8)

(AT),, . = =16.5°F (AT) = =25.0°F
n 120-109.8 LMTD In( 160-110 j
120 - 95 120 -109.8
UA = Q :12360000023’420,000 Btu UA = Q :2080()00:83,000 Btu
(AT)LMTD 36.] hrOF (AT)LMTD 25.0 hrOF
The total UA is the sum of these two contributions.
Updated: January 29, 2019 COLORADO MINES
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Heat Exchanger — Example 6

Can we condense 10,000 Ib/hr propane vapor that is superheated to 160°F (but
still with 120°F vapor pressure) using 95°F air heated up to 140°F? This still
gives an apparent 20°F approach temperature?

The answer is NO! It is not apparent from the terminal temperatures but there
is an internal pinch point to

the temperature profiles N 7
& there would be a /
temperature crossover. The **] ,/f
. M %130.0 =]
air’s outlet temperature is £ — /
H 1 guo.o - 2 = = st /u
constrained by this £ -
internal pinch point ]
. 100.0 ] /

_/

0.000 2.000e+006 4.000e+006 6.000e+006 HeatS';[]l[;?::;?jfhr} 1.000e+007 1.200e+007 1.400e+007 1.600e+007
Updated: January 29, 2019 N\ COLORADO MINES 3,
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Heat Exchanger — Example 6

More air flow is needed to accomplish this cooling. Using a 10°F internal
approach temperature shows that the air’s outlet temperature is constrained
to 112.5°F. The required air mass flow would be calculated accordingly.

160.0
- —8— Cold Coposit /
—#r— Hot Composits
150.0 /
140.0 /
1300

1200 B P

Temperature (F)

n___._a___________._.-—u
110.0

100.0 e
| '_____4_r—=l'-"‘

90.00 T T

1 1 I
0.000 2.000e+006 4,000e+006 6.000e+006 8.000e+006 1.000e+007 1.200e+007
HeatFlow (Btu/hr)

1.400e+007 1.600e+007
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Heat Transfer — Some Basics

Thermal resistances are added when in series
= Can be combined into an overall heat transfer coefficient
= Across a flat plate (i.e., constant cross sectional area)

T 1 [ 1

—_— =4 — 4 —
U h k h

= For radial heat transfer (e.g., through the wall of a tube) must also take
into account the change is area with respect to radius

Overall heat transfer coefficient must also be related to a reference area
/ diameter

Updated: January 29, 2019 COLORADO MINES 34
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Heat Transfer — Correlations for Film Coefficients

Flow in tubes with no phase change

hD D 0.8 C M 0.4
N, =0.023 N N4 = (Tj = 0.023 ( vP j (”Tj
il

When there is a significant difference between wall & bulk fluid

hD D 0.8 C 0.33 0.14
(_j ~0.023| 2¥P o By
k H k b,

Stirred liquids, heat transfer from coil ...

2 0.62 0.33 0.14
(o) (%)
k H k b,
0.67 0.33 0.14
(o) (%) ()
k H k K,

Updated: January 29, 2019 - COLORADO MINES 35
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N,, =0.023 N NO%° (ﬁ)

w

0.14
09 ne N
K,

... from tank jacket
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Ny, = 0.36 N2 NO3 (ﬁJ
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Typical Overall Heat Transfer Coefficients

Heat transfer coefficients are drastically different for conditions of boiling
and/or condensation versus when there is sensible heat change.

= Bubbles break up the films along the wall

= Also dependent upon the temperature difference

across the wall
FIG. 915

A Typical Pool Boiling Curve

o G
\,
\
\ F
v E i
Y

Cf  maximum FLUX FOR
5 NUCLEATE BOILING

—

HEAT FLUX (LOG SCALE)
HEAT TRANSFER/SURFACE AREA

| I 1
\ BOILING SIDE TEMPERATURE
\ DIFFERENCE (LOG SCALE)
\ NATURAL NUCLEATE UNSTABLE STABLE
CONVECTION BOILING VAPOR FILM VAPOR FILM

Heat transfer coefficient

el 2,000,.0,9 05023 5
s | | s | | il | | 205

REGION: A-B B-C-D

f o @

Temperature difference

Courtesy of HTRI

FIGURE 3.5 Heat transfer coefficient as function of temperature difference between liquid and hot surface.
Region (a) no boiling, (b) nucleate boiling, (¢) transition region, and (d) film boiling.

Fundamentals of Natural Gas Processing, 2" ed., Kidnay, Parrish, & Ref: GPSA Data Book, 13" ed.
McCartney, 2011
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Typical Overall Heat Transfer Coefficients

FIG. 9-9

Typical Heat Transfer Coefficients, U, and
Fouling Resistances, ¢

Service and (ry) U Service and (ry) U
Water (0.002)/ 35-40 Rich (0.001)/Lean Oil 80-100

100 psi Gas (0.001) (0.002)

300 p=1 Gas (0.001) 40-50 Cs Lig/Cs Lig (0.001) 110-130

700 ps1 Gas (0.001) 60-70 MEA/MEA (0.002) 120-130

1000 psi Gas (0.001) 80-100 100 psi Gas/500 psi Gas | 50-T0

Kerosene (0.001) 80-90 1000 psi Gas/1000 psi 60-80
Gas

MEA (0.002) 130-150 1000 psi Gas/Cond. Cs 60-80
{0.001)

Air (0.002) 20-25 Steam (0.0005) 140-160
Reboilers

Water (0.001) 180-200 Hot Oil (0.002) 80-120
Reboilers

Condensing with Heat Transfer Fluid 80-110

water (0.002)/ {0.001) Reboilers

Csor Cy (0.001) 125-135

Naphtha (0.001) 70-80

Still Overhead 70-80

(0.001)

Amine (0.002) 100-110

Uin Btw/(hr * sq ft *

°F)

rein (hr + sq ft - °F)/Btu

Ref: GPSA Data Book, 13™ ed.

Updated: January 29, 2019
Copyright © 2019 John Jechura (jjechura@mines.edu)

TABLE 3.2
Typical Orders of Magnitude for Heat Transfer
Coefficients

Fluid h, Btu/ft2-h-°F (W/m2-°C)
Gases in forced convection 2-20 (10-100)

Liquids in forced convection 10-100 (50-500)

Water 100-2.000 (500-10,000)
Boiling water 2004000 (1,000-20,000)
Condensing vapors 200-20.000 (1,000-100,000)

Source: Bird, R.B. et al., Transport Phenomena, revised 2nd
edn., John Wiley & Sons, New York, 2007.

Fundamentals of Natural Gas Processing, 2" ed., Kidnay,
Parrish, & McCartney, 2011
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Typical Fouling Factors

Add these resistances to the reciprocal of the “clean” overall heat transfer

coefficient

FIG. 9-45

Typical Fouling Factors for PHEs

Fluid

Fouling Factor
Sq ft-"F-Hr/Btu

Water
Demineralized or distilled
Municipal supply (soft)
Municipal supply (hard)
Cooling tower (treated)
Sea (coastal) or estuary

Sea (ocean)

Engine jacket
Oils, lubricating
Solvents, organic

Steam

Process fluids, general

River, canal, borehole, ete.

0.00001
0.00002
0.00005
0.00004
0.00005
0.00003
0.00005
0.00006
0.00002 to 0.00005
0.00001 to 0.00003

Updated: January 29, 2019
Copyright © 2019 John Jechura (jjechura@mines.edu)

0.00001
0.00001 to 0.00006 Ref: GPSA Data Book, 13 ed.
COLORADOSCHOOLOFMINES
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Equipment
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Gas Processing Applications

Common heat exchangers
= Shell and Tube
= Kettle reboiler
= Aerial coolers
= Plate Frame
= Plate-Fin (Brazed Aluminum)
= Hairpin
= Tank Heaters

http:/ /www.alfalaval.com/globalassets /images/media/stories/crude-oil-

refinery /ppi00393 compabloc-brazil 640x360.ipg

Updated: January 29, 2019 COLORADOSCHOOLOFMINES. 40
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Shell & Tube Heat Exchangers

Workhorses of the gas processing
industry Shell-side in

Tube-side Tube-side
in out

Shell side

= Baffles used in the shell side to
minimize channeling

k]

Tube side

= Manifolds allow for even
distribution of fluids into the Shell-side in
tubes & collection/mixing of
fluids out of the tubes

= Multiple tube passes make it

(a) Shell-side out

Tube-side
in

Tube-side

A\
TTZT
L b

easier to pull the tube bundle out
for maintenance/cleaning and... i ! 5“
= ... have better allowance for (b) Shellside out
thermal expansion effects
Fig. 3.6, Fundamentals of Natural Gas Processing, 2" ed., Kidnay, Parrish, &
McCartney, 2011
Updated: January 29, 2019 COLORADOSCHOOLOFMINES a1
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Shell and Tube Heat Exchangers (Types)

FIG. 9-23
TEMA Shell and Tube Exchanger Nomenclature

FRONT END REAR END

STATIONARY HEAD TYPES SHELL TYPES HEAD TYPES

N [i— =

A FIXED TUBE SHEET
ONE PASS SHELL LIKE “A” STATIONARY HEAD
camr
wo
)i o NI
CHANNEL [2' =
AND REMOVABLE COVER F M % \N
FIXED TUBESHEET
TWO PASS SHELL LIKE “B” STATIONARY HEAD
WITH LONGITUDINAL BAFFLE
LS Al
n i
B | [ —
G N| 1)

FIXED TUBESHEET
LIKE “N" STATIONARY HEAD

BONNET (INTEGRAL COVER) SPLIT FLOW

— P 5 _E_ ___fﬂ
— H
QUTSIDE PACKED FLOATING HEAD

C |mewovancel [ - .
TUBE
Ll DOUBLE SPLIT FLOW EEFEEEN
CHANNEL INTEGRAL WITH TUBE - 5 PG
SHEET AND REMOVABLE COVER J
FLOATING HEAD
T WITH BACKING DEVICE
1

DIVIDED FLOW

N Rt
'{.}__, ) PULL THROUGH FLOATING HEAD
o !
J:]l,lE K ! ]
CHANNEL INTEGRAL WITH TUBE- T T B
SHEET AND REMOWVABLE COVER )
KETTLE TYPE REBOILER v = -
U-TUBE BUNDLE
T
D

X . !

T 2,

- w ﬁ ,——jﬁ
ROSS F EXTERNALLY SEALED
SPECIAL HIGH PRESSURE CLOSURE CROSS FLOW FLOATIHE TUBESHEET

Ref: GPSA Data Book, 13" ed.

Courtesy of TEMA
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Shell and Tube Heat Exchangers (Selection)

FIG. 9-24
Shell and Tube Exchanger Selection Guide (Cost Increases from Left to Right)

Floating Head Floating Head Floating Head
Type of Design “U” Tube Fixed Tubesheet . g Split Backing Pull-Through
Outside Packed .
Ring Bundle
vamwn. for differential individual tubes expansion joint floating head floating head floating head
expansion free to expand in shell

Removeahle bundle yves no ves ves ves
Replacement bundle possible yes not practical ves ves ves
Individual tubes replaceable only ‘Iuhnse . yes ves ves ves

outside row

difficult to do ves, ves, ves, ves,
Tube interiors cleanable mechanically, can mechanically or mechanically or mechanically or mechanically or

do chemically chemically chemically chemically chemically

Tube exteriors with triangular
pitch cleanable

chemically only

chemically only

chemically only

chemically only

chemically only

Tube exteriors with square
pitch cleanable

ves,
mechanically or
chemically

chemically only

yes,
mechanically or
chemically

yes,
mechanically or
chemically

yes,
mechanically or
chemically

Number of tube passes

any practical even
number possible

normally no
limitations

normally no
limitations

normally no
limitations

normally no
limitations

Internal gaskets eliminated

yes

yes

ves

no

no

Ref: GPSA Data Book, 13t ed.

Updated: January 29, 2019

Copyright © 2019 John Jechura (jjechura@mines.edu)
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Kettle Reboiler

Shell & tube heat exchanger with the tubes submerged in boiling liquid on the
shell side

= Main resistance to heat transfer is on the tube side since boiling is occurring on the
shell side

=

Tube =

L ]
-
ot

Fuel

a - Firetube — - ( hi‘? 2
o /LI -

Fig. 3.7, Fundamentals of Natural Gas Processing, 2™ ed., Kidnay, Parrish, & McCartney, 2011

Updated: January 29, 2019 COLORADO!. MINES
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Plate Frame Heat Exchangers

Positives

= Low cost

= Compact — high area per weight &
volume

= Can get very close approach
temperatures (5°F or lower)

= Can be disassembled to clean

Negative considerations

= Limited maximum allowable working

Support Inspection Roller
Column Cover

Fig. 3.9, Fundamentals of Natural Gas Processing, 2™
ed., Kidnay, Parrish, & McCartney, 2011

Movable

Assombly Cover

Carrying Bar

= Plate Pack
pressure — Stud Bolt
= Susceptible to plugging
Support . Fixed Cover
Foot
() Q" N
— 2
Tightening
. Nut ﬁ
http://www.cheresources.com/content/articles/heat- Lock
. . . asher
transfer/plate-heat-exchangers-preliminary-design .
ourtesy of Tightening Bearing Frame Foot
Alfa Laval Inc. Bolt Box Shrou

Updated: January 29, 2019
Copyright © 2019 John Jechura (jjechura@mines.edu)
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Tank Heaters

Integrated into existing equipment (i.e., tanks or vessels)

FIG. 9-32
Prefabricated Tank Heater

https://www.chromalox.com/en/global/case-studies/pocket-heater-

reduces-costs-and-downtime

Courtesy of Brown Fintube Co.

Ref: GPSA Data Book, 13t ed.
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Air-Cooled Exchangers — Fundamentals

Air cooled exchangers cool fluids with ambient air
= Seasonal variation can greatly impact performance

Utilize finned tube in increase heat transfer surface area

Operating Principle

Warm Air

Hot AL RRRRRRRALLEERLLLEL] L0 LRRERRRRE L) Cooled

Process N Ny Process
Fluid w Fluid
S ——

LA AN AR AARLLALAARAARAY
Ambient Air

www.hudsonproducts.com www.hudsonproducts.com

Updated: January 29, 2019
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Aerial Coolers

Fans either push air through (forced draft) or pull air through (induced draft)

tube bundle

= Can control the air flow rate either with a variable speed motor or with louviers

Headers —| |

Tube section \ ‘ ‘ ‘ [?NOZZ[QS ‘ ‘ ‘

________________________ Fanring
Fan N H—— : .
) Air plenum
: I% Tube section fily chamber
Air plenum 7y Lﬁ"
chamber \ AT Y
T TR | It | |—Headers
. Fan f ‘%‘ \Fan Drive l I
Supporting ring assembly
structure —|{| =~ @ b==--=-o-——- .
Drive  Driver river
U assembl
(a) Y

(b)

Fig. 3.8, Fundamentals of Natural Gas Processing, 2™ ed., Kidnay,
Parrish, & McCartney, 2011

http://spxcooling.com/products/detail/air-cooled-heat-exchangers

Updated: January 29, 2019
Copyright © 2019 John Jechura (jjechura@mines.edu)
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Aerial Cooler Design Considerations

Typically a small number of diameter tubes (e.g., 1in OD) with fins on the air
side (e.g., 1/2 or 5/8 in)

Design considerations

" Process side — pressure drop for flow inside of tubes

= Air side
Required air flow wth > < Unitwidth ——»
o May need high air flow to prevent T
temperature crossover, but... rff:';...-fal l,-:f " H ?-\' I,r-i F .:-?-z
o High air flow gives higher ube s b N S | B S
pressure drop & fan power length === T = =" length F==1=~ ==~~~
= Mechanical considerations ;"il_;'- ,:;f?-h' :f‘:‘;---f"; I,-f.’;-.__,;:f‘?z
Total number of tubes N S AR | BN
Tube layout: number of passes, number — QlO0I0I0I0
of rows, pitch T Sibe buncles. T tbe bundiss
Bay size: typically 45 ft X 15 ft max Ref: GPSA Data Book, 14 ed.

Updated: January 29, 2019 ' COLORADO MINES 49
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Air-Cooled Exchangers — Types

Forced Draft: Induced Draft:

Advantages: Advantages
= Slightly lower horsepower = Better distribution of air
= Better maintenance accessibility = Less possibility of air recirculation
= Easily adaptable for warm air = Less effect of sun, rain, or hail

recirculation " Increased capacity in the event of

= Most common in gas industry FIG. 10-2  fan failure

Typical Side Elevations of Air Coolers

TUbeSﬁ‘\CTi(‘m 4 * * Iﬁl/NozzIes *AA

Header5\| | N | Fan
Q. Tube
Air plenum — Section AR
chamber P S A I I A ’ ‘ | |_Headers
) Fan Fan ‘|k\ Drive : d5—Nozzles
S rt : ]
crieure ~{fme =)
Drive  Driver~ Driver
lassembly
Forced draft Induced draft
Updated: January 29, 2019 COLORADO MINES 50
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Air-Cooled Exchanger — Thermal Design

(A Temperature — CMTD Figs 10-8 & 9)

FIG. 10-9
MTD Correction Factors (2 Pass — Cross Flow, Both Fluids Unmixed)

Infet Typical tube layouts Inlet
Nomenclature: T T
T+1 = inlet temperature, tube side © e o900 9090 e e oo oo n
T2 = outlet temperature, tube side M 0 ° © 90 9° 9 ©
t1= inlet temperature, air side © 000 00 0 o0 © 0 © © o oo o
to= outlet temperature, air side _L Outlet _]_ Outlet
T TR TN . T
N W T --.-"""r-...‘-"r"- b
\ N '\\ KT\‘ \_ \‘T\—'N &F) 02
09 \ \ 4 \1\ . \_ LMy \ _ 0 i
\ o\ ;RT h N .n__]'m\_i_o-s 6& 1 +\ SN
w A\ 125 | | : ‘, .
s ‘ I WO N EE 16 N\ \ | \\ \!
‘f:; 08 I - i + 25 4 ll \_ \. 4 \ -
a8 | | |30 (1. V \ \ . \ + -
p : 407 T f ' !
o ! o 50 1 4L PO ' - \' * -\ \
g 0.7 Gan e i B [ YA \__. \ \M_\
= 0. L4 4L k. o L ;
: T 1 EE1 S8 SaE\ W EAY
I i /A A BN YREE)
0.6 S I '
~ 1 | | SE— - —
F~1.0 — - GPSA -
for 3+ I | | [ o
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Over/Under
1= Tg f2-1
P T Tt F= Ty -ty P
dasses 2-t




Summary
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Summary

Common types of heat
exchangers used in the gas
processing industry

= Shell & tube

= Kettle reboiler

= Air cooled exchangers

= Plate Frame

= Plate-Fin (Brazed Aluminum)

= Hairpin

= Tank Heaters

Updated: January 29, 2019
Copyright © 2019 John Jechura (jjechura@mines.edu)

Heat exchange basics

= Coupling of fluid energy balances
with heat transfer across barrier

= Common heat exchanger
configurations

= Typical heat transfer coefficients

= Example process calculations
involving heat exchangers

COLORADO MINES
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Supplemental Slides
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LMTD as Area-Averaged Temperature Difference

If the temperature curves are linearly related to the duty then the temperature
difference will also be linearly related to duty
[(AT)1 _(AT)O}

AT). — (AT

N SN (G S C/ A

Can put into differential form of heat transfer equation & integrate
Q

(AT)1 _(AT)o

U (AT)1 _ (AT)O

Q
AT Q :
|n|: (AT)] :| —U (AT)1 _(AT)O A = Q — UA (AT)1 _(AT)O — UA@

Q .{(AT)}

(47),

Updated: January 29, 2019 - COLORADO MINES 55
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da

c




Shell & Tube Heat Exchangers

Tubes Shells

Awailable in Copper, 30710 CuMi, Rugged shell available in Steel and 316 Stankess Steel. Min-
316 Stainkss Steel, Admirally or mum cheamnces between shell and baflles reduce by-pass and
Carbon Steel Tubes ame rolker expanded. maximize heat transfer

Supports
Maoveable, Tabricated
Carbon Steel avaidable
an all sizes

Baffles

Precision punched baffles assum effective circulation
by providing minimum clearances between the tubes
Heads Tubesheets and tube holes. Baffle cuts and spacing lor each
Heads avalable in Cast oy Thick Cambon Steel, 316 diameter are consstent with best practices Standard
Brass, 316 Stainless Steelar Stanbess Steel or 3000 avadable materal includes Camon Steel, Brass and
Fabricated Carbon Steel. CuMi tubesheets 316 Stainless Steel

http://www.apiheattransfer.com/Product/54/Type-ST-U-Tube-Shell-Tube-Heat-Exchangers

Updated: January 29, 2019 COLORADOSCHOOLOFMINES. 56
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Heat Exchanger — Example 7

Heat 291,800 Ib/hr cold C2+ NGL feed from 80°F to 160°F using 191,600 Ib/hr
hot C3+ bottoms @ 240°F

= Assume only sensible heat effects
C2+ NGL feed heat capacity — 0.704 Btu/Ilb F
C3+ Bottoms heat capacity — 0.828 Btu/Ib F

Determine
= C3+ Bottoms outlet temperature N
= Exchanger duty C2+ NGL Feed

291,800 Ib/hr
80F

N

N

C3+ Bottoms
191,600 Ib/hr
240 F

145 F

= (UA) for the exchanger

v

Updated: January 29, 2019 . COLORADO MINES 57
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Heat Exchanger — Example 7

Exchanger duty & C3+ Bottoms outlet temperature determined from energy
balance around exchanger

Q=mC, (T, —T,)=(291800)(0.704)(160 —80) = 16,434,000 Btu/hr

c,in

Q 16434000
T =T . ——A=24O— =]36.4°F
S X o (191600)(0.828)

m,

Determination of UA requires configuration information

= 1-1 counter-current flow 1-1 co-current flow
(240-160)—(136.4 - 80) cannot be done — crossover!
(AT) = ' = 67.5°F
LMTD n 240-160
136.4—-80
: 16434 B
ua=—2 16434900 _, 45 600 BV
(AT),,, 67.5 hr°F
Updated: January 29, 2019 . COLORADO MINES
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Heat Exchanger — Example 7

1-2 exchanger

FIG.9-4

LMTD Correction Factor (1 shell passes; 2 or more tube passes)

~ (240-160)—(136.4-80)

(AT)LMTD o 240 — 160

136.4-80
p_ 160—-80 _
240-80
P 240-136.4 _
160 -80
F, =0.51 (from chart)

0.5

1.3

Q
F, (AT)

LMTD

_ 16434000 _ o B
0.51(67.5) hr°F

UA =

Updated: January 29, 2019
Copyright © 2019 John Jechura (jjechura@mines.edu)

=67.5°F
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A TN R R e s s
g T 8984 83 T N i N?‘N M
e el - LN
5 : \‘s?‘fs NN NN NG 1 N
g _%_ i TR X\ INORPNON '\\ HH
4+ +4 - +44 +- + R + + . . + . +4
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2 Bzl He e e A ST A0 B U o Yo Mo 48, Be e T Y
8 iRl Heje e e o N [Thole o> ’v—’i,'c\'a 3= AT TRV T ’\’
aeete ot e R T T I V. B iV ASgsana: =
0 07 it ‘ }
= BEET R x‘i 195 1858 16584 158 158 18! 3 8 18R Eee
= [ ‘ i Lh s I E R 1t TN TN ] HHHH
[N SOREE B IDES RS DU § B . T T T T T mass)
T s stk ol S TR EREH B ;:::\:: ] {1 'L\ﬁ: I5$/1955115 953 33 588 5 5
osll IR RIS Hi Lk b B Y I: Yl 1 !
SEEE s fraRa bebte b bet B B AREEA 601 E55 A 64 SRAA VAR T T LRees e
Froiti I BERE R BN %:‘.: Ao bRy NN ‘: 11 e
i Bletes HERUSE R BT JRE DRIS S0S1IE0S BRGNS T i TITITTT <
SEESTEER: B ARRERNN SRR :::‘[ L ] i
0.5 T S S PSS S P B TN 'Ak:{ 11 ¥ ¥ I ma
o 0.1 0.2 0.3 0.4 0. 0.6 0.7 .8 0.9 1.0
P = temperature efficiency
T, | LMTD Correction Factor N
S —
[ :—"te 1 shell pass 2 or more tube passes e,
—d-t1
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T2 T1't1 t2"1

Ref: GPSA Data Book, 13™ ed.
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Heat Exchanger — Example 7

Correction factor below 0.8. Try 2-4 exchanger

~ (240-160)-(136.4-80)

(AT

)LMTD

240-160
136.4—-80
p_ 160 —-80 _
240-80
P 240-136.4 _
160-80
F, =0.925 (from chart)

1.3

_Q
F2 (AT)LMTD

_ 16434000
0.925(67.5)

UA =

Btu

=263,200
hr°F
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=67.5°F

FIG. 9-5

LMTD Correction Factor (2 shell passes; 4 or more tube passes)

1.0

o o
] o

f=1
-

F, = LMTD correction factor

0.6

05
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Cooling Tower Principles

FIG. 11-2
Psychrometric Chart
Barometric Pressure 29.92 in. Hg DRY BULB TEMPERATURE, ° F
’130 140 150’\163 ‘70,'918? 1901 200 1210 220 ;;OAZ' _0.10 200
- - INDHIEN L
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RN AR
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s 1 A \\\rt S / A g RIAT S =2
humidity RS SSANA A ¢ ¢
ST TS LML S NS
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Y3 &Y4 E NV S EAaS =
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L8 A F N \y[{ ANA) 5\, E\f LIS 100
RZ 2% 8% Z 85 NN NS gom
S SR SR N N AR S RIS SE RS S ey "
eSS ShSes N : N g
=i N -\ SN A RSN SN Y .
60 70 80 goﬂ‘too\\w\ﬁz S35 ?40*56 160 ?%kwo"so 500 21? 22}\230 240 2500
DRY BULB TEMPERATURE, ° F SA
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Cooling Tower Principles

Evaporative cooling (Psychrometry)
= Wet bulb and dry bulb data for various locations around the world Fig 11-3

FIG. 11-3

Dry Bulb/Wet Bulb Temperature Data for Selected Locations?

Meaning of acronyms:
DB: Dry bulb temperature, °F

during the warmest consecutive four months.
Station
United States of America
Alabama
AUBURN OPELIKA ROBE
BIRMINGHAM MUNI
CAIRNS AAF
GADSDEN MUNI
HUNTSVILLE/MADISON
MAXWELL AFB
MOBILE/BATES FIELD
MONTGOMERY/DANNELLY
TUSCALOOSARGNL
Alaska
FAIRBANKS INTL ARPT
FT. RICHARDSON/BRYA

Updated: January 29, 2019
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MCWB: Mean coincident wet bulb temperature, °F

Lat

32.62N
33.56N
31.28N
33.97N
34.64N
32.38N
30.69N
32.30N
33.2IN

64.82N
61.27N

The Dry Bulb and Wet Bulb temperatures which are equalled
or exceeded by the given percentage, on average, of the time

Long

85.43W
B6.75W
85.71W
86.08W
86.79W
86.36W
88.25W
86.39W
87.62W

147.86W
149.65W

Elev

Lat: Latitude, ©
Long: Longitude, °©

MCDEB: Mean coincident dry bulb temperature, °F

WB: Wet bulb temperature, °F
Elev: Elevation, ft

Cooling DB/MCWB

2%
DB/ MCWB DB/ MCWB

1%

91.4
93.0
94.2
91.3
92.8
95.4
92.0
94.5
94.3

783
71.6

74.2
74.5
765
74.5
74.6
766
76.5
76.0
759

60.0
58.9

90.2
%09
92.2
90.0
90.6
93.5
90.5
926
92.3

74.8
68.3

73.9
74.3
76.1
74.3
74.1
76.3
76.1
75.7
75.6

58.6
57.1

COLORADOSCHOOLOFMINES.
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Evaporation WB/MCDB

0.4%
WB /MCDB WB/MCDB

78.0
78.4
81.1
78.1
78.4
80.6
80.1
79.7
79.5

63.2
61.7

88.4
8E.5
89.4
89.1

1%

77.0
77.5
79.8
77.1

77.6
79.7
79.1

78.6
785

61.6
59.6

87.2
87.6
88.3
88.0
87.6
90.2
87.3
89.2
89.3

74.2
69.5

62



FIG. 11-2

Psychrometric Chart
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Cooling Towers — Mechanical Induced Draft

Moist, wearm air out

Hotwﬁ:l; ] ] 1 15Fan gwa{er

[ ] R} Distriution basin

in

Dy air in

— L
JL

Cald water out

Crossflow type design

Air flow
-+
Wiater flowy

Fill material

FIG. 11-7 o

Mechanical Induced Draft Counterflow Tower

www.iklimnet.com

www.ridesjardins.com

Updated: January 29, 2019
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T Air

Fan

Outlet — [___
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http://www.coolingtowerdepot.com/
http://www.iklimnet.com/

Cooling Towers — Mechanical Forced Draft

Towertechinc.com

Updated: January 29, 2019
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FIG. 11-6

Mechanical Forced Draft Counterflow Tower

T
$8578488

e

Water
> Out
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Cooling Towers — Wet Surface Air Cooler

FIG. 11-12
Wet Surface Air Cooler

www.nhiagarablower.com

CO-CURRENT FLOW

COLD PROCESS e

HOT PROCESS —_—

INDUCED DRY
EXHAUST (Saturated)

PROCESS FLUD NSOE TUSES
WATER

RECRCALATNG PUMP

Courtesy of Niagara Blower

Updated: January 29, 2019
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Heat Exchanger — Example 1

Heat 291,800 Ib/hr cold C2+ NGL feed from 80°F to 105°F using 191,600 Ib/hr
hot C3+ bottoms @ 240°F
= Assume only sensible heat effects
C2+ NGL feed heat capacity — 0.704 Btu/Ilb F
C3+ Bottoms heat capacity — 0.830 Btu/Ib F

Determine
= C3+ Bottoms outlet temperature N
= Exchanger duty C2+ NGL Feed

291,800 Ib/hr
80°F

145°F

= (UA) for the exchanger

N

v

b

A

= Does the flow configuration in a 1-2 exchanger \
make a difference?

C3+ Bottoms
191,600 Ib/hr
240°F

Updated: January 29, 2019 COLORADO MINES 67
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Heat Exchanger — Example 1

Determination of UA requires configuration information
= 1-2 (1 shell & 2 tube passes) combines both counter & co-current flow

Four possible flow configurations

Hot Stream on Shell Side Cold Stream on Shell Side
N — e >  — e
—_—|—  — e —|——> —_—
< <—
N — e N  — e
«—|— — «—|— —
< <—
Updated: January 29, 2019 COLORADOSCH | ~“MINES 68
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Heat Exchanger — Example 1

Four possible flow configurations — all have the same exit temperatures but
different internal profiles

1-2Configuation 1-2Configuation
Temperature(F) Temperature(F)
ool o \
: . . ! Fractional Len
02 04 0.6 3 1.0 o
150 | 150
100 > . /
Fractional Length
0.2 04 0.6 08 1.0
1=2Configuation 1-2Configuation
Temperature(F) Temperature(F)
200 - 200 -
- L . . Fractional Length
02 04 06 038 1.0
150 - 150 -
100 > 100 \
> Fracti Length
0.2 04 0.6 08 1.0

Updated: January 29, 2019 COLORADOSCHOOLOFMINES. 69
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Heat Exchanger — Example 7

| thought you said temperature crossovers weren’t possible????

1 -2 Configuation

Temperature(F)

200 -

150

100

P L i . . L . . . . . L . Fractional Length
02 04 0.6 0.8 1.0

Updated: January 29, 2019 COLORADOSCHOOLOFMINES 1
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