Performance Analysis of Heat Exchangers




Capacity of A Simple Heat Exchanger
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Discussion on LMTD

LMTD can be easily calculated, when the fluid inlet temperatures are
know and the outlet temperatures are specified.

Lower the value of LMTD, higher the value of overall value of UA.

For given end conditions, counter flow gives higher value of LMTD
when compared to co flow.

Counter flow generates more temperature driving force with same
entropy generation.

This nearly equal to mean of many local values of AT.



Sample Problem

* Problem Statement: A double pipe heat exchanger of the
dimensions shown below 1s employed to heat 5 kg/s of
Dowtherm A from 15 to 65°C using waste hot water
coming from process equipment, which 1s cooled from 95
to 75°C.



Effectiveness of A HX

» Ratio of the actual heat transfer rate to maximum available
heat transfer rate.
Q act

Q max
 Maximum available temperature difference of minimum
thermal capacity fluid.

ATvmax, fluid — Th,i o T

e Actual heat transfer rate:

E =

c,l

Qact = UA ATLMTD



Maximum Possible Heat Transfer

Qact = (mcp)mm (Th,i _Tc,i)

& = UA AT yrp
(mc,) (1,.-T.,)




Dimensionless Groups for HXs

« Thermal capacity Ratio:
R = (m P ) min___ Cmin
( C

P ) max max

m

* R =0 corresponds to condensing or evaporating HX.

 R< I ageneral heat exchanger.

* Exchanger heat communicative Effectiveness:
Qact
Qmax

Q'mX : Thermodynamically limited maximum possible heat transfer

E =



Number of Transfer Units

UA AT,

- (mcp)min (Th,i - Tc,i

ATYLMTD
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Arithmetic of A Simple Counter Flow HX
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e— NTU Curves: Counter flow
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Parallel Flow Heat Ex

AT, = AT, exp{— NTU x|R +1]} \ T

T,.—T,=(T,—T,)exp{- NTU xR +1]}

Qmax — mccp,c (Th,e - T;,i)



_ l—exp{—NTUx[RJrl]}
1+ R

E

1
NTU—1+Rln[—5(1+R)]

The limiting case of interest: R = 1.
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Effectiveness
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Two limiting cases of interest: R = I

Counter flow Heat exchanger:

~ NIU
1+ NTU

Parallel flow Heat exchanger:

E
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Condensing/Evaporative HXs

The limiting case of interest: R = 0.

Counter flow Heat exchanger:

I-exp{- NTU x[I-R]} =1 —exp{- NTU }

8:1—Rxexp{—NTUx[1—R]}

Parallel flow Heat exchanger:

_ 1—exp{~ NTU x[R +1]}
- 1+ R

& =1—exp{- NTU}
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Thermal Resistance of A Finite Heat Exchanger

» Thermal resistance of a finite adiabatic Heat Exchanger
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P / A
Fouling van < Fouling
Fluid 1 Layer 1 Layer 2 Fluid 2

Heat transfer between two fluids separated by a planar wall.



Heat Transfer between two fluids separated by finite thick surface wall
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First Level Engineering Compromise: Area

mcoldcp,c(T e _Tc,i): anin — ﬂDlLUl(AT)

c,

mhotcp,h (Th,i — Th,e): Qloss = ”DzLUz(AT)

Energy Balance:



Creative Ideas for Techno-economic Feasibility of a HX.

 For a viable size of a HX:
« How to maximize Effective area of heat communication?.
» How to maximize Overall Heat transfer coefficient?

 How to compute & select the effective temperature
difference?

« Should we decrease or increase Effective temperature
difference?
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Class|fication according to number of flulds

(a) C1-Cocurrent crossflow (b) C2-Countercurrent crossflow

Flud a Flud a

Fluid b Fluid b

Fluid ¢

(d) C4-Cross cocurrent —

Fiuid b _L I LI A A O

n"vnv,

Fluid ¢ Fluid ¢




Classification according to flow arrangements

e
Single-pass Multipass
Tt
Counterfow Parallelfiow Crossflow Spitlow  Divided-flow I
Extended surlace Shell-andtube P
EE — [rs—— |
Cross:  Cross- Compound Parallel counterlow  Splitflow Divided-low Fluid 1 m passes
counterfiow paralleffiow flow ~ m-shell passes Fluid2 npasses

n-tube passes



Classification according to heat transfer mechanisms

I E— —

Single-phase convection  Single-phase convection  Two-phase convection  Combined convection
onbohsides  ononeside, two-phase onbothsides  and radiatve heattransfer
convection on other side



Condensers

Direct contact Indirect contact type
| |
| | I | I I

Pool Spray and tray Packed column  Shell-and-tube Extended surface Plate-type

|—|_| |
| |
Power industry Process industry Tube-fin Plate-fin
1 air-cooled cryogenic
r— | condersor condenser
Surface condenser Feedwaterheater
1
| | | | | | Plate Spiral
E G H J X  Total condensation
Shells |

| I
Reflux Knockback



Liquid-to-vapor phase-change exchangers

I—I—l

Boilers (fired) Vaporizing exchangers (unfired)
I |
| | I | |
Steam generatorsfor ~ Waste heatboilers Evaporators ~ Reboilers Vaponzers
Water Gas Liquidmetal-=| Power-plant Chemical
cooled cooled cooled evaporators evaporators
reactors reactors reactors

I Y I

Vertical calandria Bayonet tube Honzontal U-tube Honzontal crossfow



Classification according to type of construction

— T T

Shell-and-tube Plate Agitated film Batch pan
Natural circulation Forcad circulation

—TTr [

Short-tube  Basket  Longtube  Rising Faling  Vertcal Horizontal
vertical vertical fim film



Classification according to how energy is supplied

____;___I

Steam Vapor recompression Both
Single Multiple Multiple Mechanical Thermo-
effect effect flash compression compression

F__'l_l_l—_l

Forwad Backwad  Muxed Parallel
feed feed feed feed



Classlfication of rebolers

]

Natural circulation Foroed ciroulation
Ketie Intemal Vertica Honzonlal Vertcal Honzontal

eboler  (bundiesn-column) themosiphon ~ temasiphon
mhaler
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Gas turbine ":z':gg
Cryogenic H.E. rolary
regenerators
Automotive Matrix types, wire screen
radiators sphere bed, corrugated sheets
Strip-fin and louvered-fin H.E.
7
Plain tubular, shell-and-tube H.E. 2 Gas-side compact surfaces
7|—— Liquid-side compact surfaces
Plate heat exchangers
|—— Laminar flow surfaces
Micro heat
exchanger
Hydraulic diameter, D, (mm) surfaces
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Heat transfer surface area density, g (m?/m?®)



