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IMPERIAL HEAT EXCHANGERS

=\
e
ar‘il\

B

1| TR
Ll e
~ y 2 \

L

chemeprof.com



IMPERIAL HEAT EXCHANGERS
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« Regeneration heat (added to bottom of stripping column)

« “reboiler”’

- XCHANGERS

« boils the MEA-water mixture and the “steam” strips the CO?2

- Steam provides the heat
« Chiller before MEA is fed to absorber
« “Trim cooler”

« Chilled water

« "“Intercooler”(“clean” and “dirty” streams exchange heat)

- counter current plate/frame heat exchanger

« “Condenser’ on top of stripping column

- condense water and MEA, let CO?2 pass through to recycle

» Chilled water: Spiral geometry
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HEAT EXCHANGERS

» [wo basic “ideas’. .. a.ka. equations:

* Energy Is conserved
* First law of thermodynamics
* You have already done such calculations!

* Rate of heat transfer will determine the total ‘“transfer area’

needed for the heat exchanger
» Newton’s law of cooling

* [his may be new to you
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HEAT TRANSFER
FUNDAMENTALS

* We see that understanding heat transfer Is
essential to knowing exactly how the process
operates.

BRE [ s sce [f we can efficiently learn some

fundamentals.
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This device could produce saturated steam at a pressure
somewhat above | atmosphere

We can see that a lot of the heat from the fire is lost and does
not heat the water.

We need more contact area between the hot combustion gases
and the liquid water
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| An array of tubes gives CATER
| much more surface area |

A section of tubes that does not have
iquid water In It allows the steam to
become superheated and hence increases
ts ability to do work.
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s BOY STEAM LOCOMCH .

Scan by Wes Baris
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-or alr exchange note that
neat exchangers typically

have ‘fins”’. This Is becallse

a low density gas Is a good

FueL puteey T2 MoV vE \wss\f{/g_g_ msulator, not a gOOd heat

29 errichme /] transfer fluid!
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« Radiation

B

O

AT TRANES

+ Heat transport by electromagnetic waves

« Conduction

* Transport by molecular/atoms vibrating (for solids). Free electrons

for metals. Random molecular motion for gases and liquids.

« Convection

» Transport by net motion of fluid. (molecular motion that is

correlated, not random)
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RADIATIVE HEAT TRANSFER

* The third mode of heat transfer is “radiation’. This is transfer of

energy through a “transparent” medium by electromagnetic waves.

 The power of temperature in the driving force i1s 4", that Is

> (Glagi 0] (T4 —To4), €, Is the “"emissivity’and O Is the Stefan-
Boltzmann constant .

« We don't neglect radiation entirely as you can see that the
outside of the absorber and stripper are "“shiny metal”’, for
which €=~.06. The emissivity Is close to | for dark colored,
slightly roughened surfaces and exactly | for a “black body".
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STEADY CONDUCTION IN A SOLID
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CONVECTION
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IREREOEENICE GREATLY INCREASES HEAT FRANSIEEE
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 Note that direction of heat transfer for this problem is the radial coordinate of the pipe.

« We hypothesize a constitutive equation for these convective flow situations (since it does
not seem possible to solve the differential equations for turbulent flow...

'=hA(T, -T.)
q'—heat flux

h— heat transfer coefficient

A —area of contact

T — wall temperature

T — temperature away from wall
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NEVY ION'S LAV OF COOLINSS

« Q=hA(T- Ty

- This empirical equation says that the heat flow from a boundary (say a pipe
wall), for a flowing fluid is the product of the temperature difference:

Thermodynamic driving force and

* A variable, h, the "heat transfer coefficient” that is a function of the intensity
of the fluid mixing and the physical properties (e.g., thermal conductivity) of
the fluid

» The underlying physical processes that determine “h" are the subject of
the courses of Transport Phenomena

« We see that Thermodynamics tells us what can occur and [ransport
Phenomena tells us how fast it will occur.
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el REGION OF HEAT EXCHANGEIEES
AEORCED CONYECHHSINE
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SINGOIFEER Bl OIS INE @)
BOUNDARY-LAYER

For process flows, the Reynolds number is usually very much larger than unity and in most

cases the flow is turbulent.
Thus, convection is the dominant mode of heat transfer across most of the pipe.
* In this region, the temperature changes very little.

However, because the fluid velocity is “0" at the wall: (no slip), the convection near the wall
Is greatly decreased and hence conduction becomes relatively more important.

This region, near the wall (or potentially at the boundary between two fluid phases) is

termed a “boundary-layer’.
* In this region conductive and convective transport effects are of the same magnitude.

* Also the temperature gradient is very much larger within the boundary-layer than far
away from the boundary where convection is dominating.
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FEAT EXCHANGER

Cross-section

N,

T

Heat transfer resistance occurs at both inside and outside of
inner pipe, hence there is a heat transfer coefficient for each side.

Sum of resistances used to get an overall heat
transfer coefficient, U

Ui &= | AT=TT

Ay AT
[ outside resistance

\ i _L,.Jf_/
ki

inside resista nc
resistance
ﬂc[ A ' '

associated with
= = S

u(’ kL MA/L \\D A[ pipe wall
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The resistance of the pipe wall will usually be much smaller than
the contributions from the heat transfer coefficients if the pipe is
made of a metal, but it we want to be precise we should write it as

A QM Mf.a

e —

}TL-

Note that all of the areas are 'n'& I~ for a specified ) |
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AT | RANSFER CALCULATICHSS

With this short introduction to some fundamentals of heat transfer we now
turn to example situations of interest.

The device we will consider is a “"double-pipe™ heat exchanger in which one
liquid Is being heated by erther a second liquid or condensing steam.

The two fluids are not mixed.

Countercurrent usually will provide a larger overall AT for a given length

Countercurrent Concurrent
—— 15,4 Tl P P =
a— - ﬁoT p ,“r\ ‘v‘;"}
Zo\V0 b e . o —=
e A V|

=
N N
M ouT =—r—r =
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mi=NREFRANSFER PRGBS

« The | kg/s water stream is flowing in a 3 cm pipe in a countercurrent, double pipe heat exchanger. The
water temperature must be raised from 25 C to 50C. Condensing steam, saturated at | |0C will
provide the heat.

« What flow rate of steam is needed?
« How long should the pipe be?

* The heat transfer coefficient for condensing steam will be much larger than for the water flow so we
can assume that the wall temperature will be constant at | |0C.
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BESID STATE HEATING OF ASSICH SN
R ING [N A PIPE: REAIFEGES
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BUREEREINTIAL ANALYSIS TO GET LENG THRCIRSISEN
EXCHANGER

« The steam keeps the pipe wall at a constant temperature, but the
temperature of the water in the pipe is changing. We will need a
differential formulation of the temperature change along the pipe and
then need to integrate to get the answer. -

S

« Consider a differential slice of pipe. T
< e, DIFFEQEINTIAL AL AN

g i SLICE AF (Yo~ )= %

010€ ncp(Tn o) “ENTOE(T R

CHANGE 1N RACE OF I I.

ENTIRLAYDF = REAT |

Lo CQ&CNM‘ /My AT~ hTOAZ (T"E)Pm)

P\PE wheL
. AT ;——k\jf,@, Q'TwA\-L 3
Newton's Law of cooling Az g
Universiy, T ————
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Logarithmic mean temperature difference

* Log mean temperature difference arises
from this differential analysis when both
streams are changing temperature

LMTD — AT, — ATpg _ ATy — ATp
ln( ATy ) In ATA —In ATB
ATp

Q=UxAr x LMTD
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@@RRELATIONS FOR HEAT TRANSIEES
COIEPEGIEN T

 As with the "friction factor’, we look for the appropriate
correlation that uses the correct dimensionless groups.

* For heat transfer we need to find a value for the Nusselt number;
Nu, In terms of the Reynolds number, Re, and the Prandtl number,

Pr R o X [Tl | Taicy
M e A

THE APRILIATE CORREL AT 1L

R —h
Q\)\L: O-Oggp(\ Q'\'
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SWINIEC ORRELATIONS FROM BRODKEY 8¢ FERSISES

yall roughness conaiItions:: i
wrrelation [D3], which is:

where n s O. 4
C()ndm()nb "
 For large AT_ e

5
ecommended:

letzner analogy The Friend—Metz
fne" tially different form in order to co

F3]. Their correlation for heat

md\
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USEFUL INFORMATION

TABLE 11.4 ety
Approximate magnitudes of heat transfer coefficients

Range of values

Application h, Wm ™K™' h, Btu ft™* h™" °F !
Steam (dropwise condensation) 3 x10*-1x 10° 5 x 10°-2 x 10*
Steam (film-type condensation) 5%10°-2 %.10° 1x10°-3x10°
Boiling water 2 10°-5x 10" 300-9 x 10*
Condensing organic vapors F10°-2x10° 200400
Water (heating) 300-2 x 10* 50-3 x 10°
Oils (heating or cooling) 60-2 x 10° 10-300
Steam (superheating) 30-100 5-20

Air (heating or cooling) 1-60 0.2-10

* From McAdams, Heat Transmission, 3d ed., p. 5, McGraw-Hill, New York, 1954. By permission.
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-OR OUR PROBLE

e Check these numbers..

e 6000 Pr= 5> === Nu =290
+ h = 6060W/( m?K)
= 6m
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SR OoE [HAT HOT WATER IS BEINGIESSSSEae
= ESIE COLDRVEHR =

Cross-section

« |n this case, both streams will N

be changing temperature

Heat transfer resistance occurs at both inside and outside of
inner pipe, hence there is a heat transfer coefficient for each side.

i We ﬂOW W||| ﬂeed tO Set Up Sum of resistances used to get an overall heat

transfer coefficient, U

energy balances for the two U= 2w
streams and then Integrate N A A
Ay Ui VT TR 'Y VA,
along the length of the heat I L Al
W~ hi kM Wk
exchanger
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SIS OF DOUBLE PIPE HEAT EXCRANGEIEES

A B g - N -

D\)me € VERS R4Y Mﬂ_#\mg

o= m d.\%c A m\ A% Since heat just leaves
the hot stream and
¢ OLD =T ReEAM 0T enters the cold stream
- : C_ L e r,Q J
/VY\C_&“ /n"C r B dqc — _qu
A sf*waN\

/Vl/\“ &Q = ,{th\OJTwﬂach
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BRECallthat dg, the rate of heat transfer Into CF GRS
a stream, 1Is modeled with Newton's law of cooling,

1 /«&Q((\ﬁ U: C\‘“*TJCQAi
al = uo CT“ —TCBCR‘AQ

AT TR e T TS

, mCp I, Cp
r ! K1l % N5
t , A C—Y“'-‘c_\ G rg% m,\q)* MCC?)
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B make a “AT"
dar = AT
& qi = ']TD'L C&%
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ANOTHER WATER HEATING
DL

* We wish to heat the | kg/s water from 25-50C with the
inside pipe diameter the same 3 cm, Inside a double pipe heat

exchanger where instead of steam, a /5C water stream of 2
kg/s Is available.

* For simplicity we will neglect the resistance of the pipe wall,
which 1s 0.2cm thick. Also, we know that the outside heat
transfer coefficient 1s 3000 \/\//(m2 K).

» Consider both concurrent and countercurrent configurations.
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QD%’SD\
A" = \\2m*C L= lam

A larger driving >
force for DUVTEL [YVAY
100 20O J/g

countercurrent b: = |
i N\
gives a shorter MDD W ( 75-50) - (63-25)
length MEK b zf;.@_)
63-25)
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HEAI

Straight-tube heat exchanger
(one pass tube-side)

tube bundle with

shell-side
fluid in

ﬂ tlube sheet

tube sheet )
straight tubes
' ]

= = g
5 = 3
o =>: =
k] =€ ]
-S — : — =]
— = 3

L h 4

shell
ﬁ ﬂ haffles ﬂ
shell-side

tube-side . tube-side
floidjn i oot fluid out

shell-side
fluid in

) -
»)
@ % .

J

tube-side "J
fuid out ¢ =

L

flange —>

shell-side
fluid out
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- XCHANGERS

e Shell and Tube

*a combination
of counter
current and
cross flow

Double pipe
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THERMOSIPHON

Bottom Section

of P~ ~
Distillation Column .
>
[
Tray liquid 2
(=
= vapor W
L = liquid Liquid + “apor -
LC = level control Mt » '{ l_[\—
‘ @
Steam Liquid

Themosyphon
’ | Reboiler

(E D N_

Condensate
— ' —
Bottoms Liquid Bottoms
Product
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SPIRAL HEAI

- XCHANGER

effectively a high surface area, “double-pipe” heat
exchanger in a compact space
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BONMMARY OF FIESS
TRANSFER FUNDAMENTALS

BliEe medes of heat transfer can occllr:

- Radiation (electromagnetic radiation) g~ € o (T -To)

» Conduction (random motion of molecules, atoms
and electrons) g~ My AT,
L
» Convection (heat transfer that is aided by bulk fluid
motion)
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= EERCHANGERSTRMIEEENE

Heat exchangers are first analyzed using an energy

balance R =
finedfc = e CPAIC = dg,

The rate of transfer across the walls iIs modeled using
Newton’s Law of cooling” J = hA(T _TM)D

hE. , - 8 oM
We get individual h's from correlations Ny = 0-632 o

We get a Us from a sum of resistances | | , a . A
T TR 'Y VIR W ¢

Because the temperature difference between the two

sides of the heat exchanger is changing along the pipe, we

formulate the problem as a differential slice of pipe and

integrate. This gives the temperature driving forces as a

‘ g g 1) p g AWD— = AV\
Log-Mean delta T - T

An /A\E \

AN,
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