Heat and Mass Transfer
ME-341

Instructor: Giulia Tagliabue

Spring Semester




Introduction to Heat Exchangers

Overall Heat Transfer Coefficient

Learning Objectives:

the concept and possible design of heat exchangers
%alculate the overall heat transfer coefficient



Introduction to Heat Exchangers

A. Concentric Flow
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Overall Heat Transfer Coefficient

—
Cross flow

T=flx p

1

1
RtotA :> ﬁ

Conduction thermal resistances
» Planar/radial conduction
Convection thermal resistances

* [Internal and external
 Array of Fins
* Fouling



Overall Heat Transfer Coefficient

Conduction & Convection Thermal Resistances

Planar wall Radial System
L In(ry/m)
Rth,cond = k_A [ K/W] Rth,cond—cyl — 2Lk [ K/VV]
1
1 _
Rth,conv — h_A [ KIW ] Rth,conv L [ KIW ]



Overall Heat Transfer Coefficient

Fins — Efficiency and Resistance (1 Fin)

If T, is the temperature of the fin base:
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Overall Heat Transfer Coefficient

Fins — Efficiency and Resistance (Array of Fins)

po Qe NO+G

Qt,max - hAt(TO - Too) B h(NAf + Ab)(TO - oo)
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\ Single fin efficiency

Ty — To 1
=> Ro ( 0 )=
Q: NohA;

e
—— AMA—

T Ner
\—b Qb .

—— ANV —
LA, ~NAN

@

Tro———— AV oT
(n,hA)™?




Overall Heat Transfer Coefficient

Fouling

Dramatic increase in thermal resistance due to poor conduction through the scaling layer

B Introduce a fouling resistance per unit area (fouling factor) R¢

R”
" f
4 Rf = ARfoul e Rfow = m



Overall Heat Transfer Coefficient

AT 1 1
Q= = UAAT U= 0 —
Riot :> RiotA UA

In the most general case we could have fins present also on the inner side:

= d
UA no,outhoutAout no,outAout con no,inAin no,inhinAin
\_'_I

Includes all the layers of conduction!!
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This Lecture

O  Parallel Flow Design
O Temperature Profile and Total Heat Transfer

O Counter-flow Design

Learning Objectives:
O Calculate the total heat transfer for parallel flow HE

(1 Calculate the total heat transfer for counter flow HE
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Introduction to Heat Exchangers

A. Concentric Flow Bk = - | — 7 = 0

Parallel Flow Counter Flow
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We use this anomalous

Energy balance i = enthalphy symbol to avoid confusion
with convection coefficient

Thin > M o in i SN T} gut » M inout
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We use this anomalous

Energy balance Q = Q. = —0Qy, i = enthalphy  symbol to avoid confusion
with convection coefficient

Qn = Mn(inout — inin) = MuCpn(Thout — Thin) < O

Th,out yMp,, lh,out

Qc = mc(ic,out - ic,in)f mccp,c(Tc,out >0

Incompressible fluid Average l‘emperatqre
True if no phase change on that cross-section
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We use this anomalous

Energy balance i = enthalphy  symbol to avoid confusion
with convection coefficient

® Whatis an appropriate AT,,,?

=) ltis related to the temperature profile
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Temperature Profile

T4 Th,in

o) i Th,out

Tc,out

il

Tc,in

® Whatis an appropriate AT,,,?

= Let's write a local energy balance, similar to what we did for internal forced convection
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Temperature Profile

=
3 |
MpCpn —» Th—>ldq:—>Tb+dTh —

'_Llf dA Heat transfer
. T ': surface area A
McCpe — I,—1 | —T,+dT, —

__1

— dx |
1=in 2=out

E) Need to write a differential equation for AT
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Temperature Profile

,,,,,

3 |
MpCpn —» Th—>ldq:—>Tb+dTh —
Ly —dA Heat transfer
. T ': surface area
McCpec — T,—1 | —T,+dT, —
__1I
— dx |

1=in 2=out

g1 Wy

. The heat exchanger is insulated from its surroundings, in which case the only

heat exchange is between the hot and cold fluids.
Axial conduction along the tubes is negligible.
Potential and kinetic energy changes are negligible.
The fluid specific heats are constant.

The overall heat transfer coefficient is constant.

dg =m (lxyax — ix)

dqg = IhCCP’C di. = CC dI.  Heatgain cold side
— _mhcp,h dTb = — Ch dTh Heat loss hot side

Also we can write;

AT=T,—- T ® dg=UATdA
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Temperature Profile

1
mhcph — 1 —»ldq: — 1, +dl,

b

'_Llf dA Heat transfer
T ': surface area
mccpc — [, — | —1,+dI, —_—
I——
—>| dX|<— ‘
1=in 2=out

AT=T17,—-17. = dAT) =dl,— dT,
dq _dq
Where: dT; = _C_h dT, = C.

+ wnfied

1 1
dAT = —UATdA —
o d <Ch Cc)

N LZdAﬂ _U(évtha)ledA
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Temperature Profile

|
mhcph — Th—>ldq:—>Th+dTh —
'_Ljf dA Heat transfer
r ': surface area
I——
—>| dX|<— ‘
1=in 2=out

2dAT) 1, 1)\ [?
fl AT “(c*c)f a
AT, 1
> 1“(A71) UA(Ch Cc)

Q =—Qn=—1npcpn(Tn1 — Thz) = Cn(Th1 — Thy2)

Q=0Q,= mccp,c(Tc,Z - Tc,l) = Ch(Tc,Z - Tc,l)

Crn = Q/(Tn1 — Th2)

B In <AT1)

Cc = Q/(TC,Z - Tc,l)

(Th1i—Thz)  (Tea — Tcl))
s , , ,
( o 0

19



Temperature Profile and Total Heat Transfer

) |
I—Llf dA Heat transfer
: (s surface area
mccp’c —— Tc_>| I —)TC+ dTC >
__1
—> dx l— ‘
1=in 2=out

In <&) = —UA ((Th,l - TC,I) n (TC,Z - Th,Z)

q Q
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Temperature Profile and Total Heat Transfer

=
Tflhcp’h — I, —> : dq: — 1+ dI,
Lly/ dA

—_—
Heat transfer

——t

5 1

McCpe —> Ty | =T+ dT,
1

surface area
—_—

N i VT VTS

1=In

2=out

_ AT, — AT, _
Q =UA AT, = UAAT,,
AT, — AT,
AT, =
AT
In ( 2/ ATl)

ATy = (Tpy = Te1) = (Thin = Tein)
AT, = (Th,z - c,Z) — (Th,out - Tc,out)
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This Lecture

Parallel Flow Design

Temperature Profile and Total Heat Transfer

O Counter-flow Design

Learning Objectives:
CaIcuIate the total heat transfer for parallel flow HE

(1 Calculate the total heat transfer for counter flow HE
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Introduction to Heat Exchangers

A. Concentric Flow Bk = - | — 7 = 0

Parallel Flow Counter Flow
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Temperature Profile

® Whatis an appropriate AT,,,?
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Temperature Profile
T 1 Thin

Th,out

Q(x)

Tc,out T..
c,in

® Whatis an appropriate AT,,,?
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Temperature Profile and Total Heat Transfer

I
I
Gy —> T}}—h-|arq= — T+ dT; —
:'-J-JI d. Heat transfer
1y surface area
O - -« | I -~
TC+ dTC L_1

Hot, in Hot, out
Cold, out Cold, in

AT, — AT,

Q =UA - (ATZ/ATl) = UAAT,,
_ AT, — AT,
AT, = In (ATZ/ATl)

ATy = (Th1 —Ten) = (Trin — Teout)
AT, = (Th,z - C,Z) — (Th,out - Tc,in)
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This Lecture

{ Parallel Flow Design
J Temperature Profile and Total Heat Transfer

‘{ Counter-flow Design

Learning Objectives:
Calculate the total heat transfer for parallel flow HE

%alculate the total heat transfer for counter flow HE
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Next Lecture
O  Special Operating Conditions

4 Exercises

Learning Objectives:
( Recognize specific conditions

28
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