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SCAMBIO TERMICO IN CONDOTTI

Variation of the friction

factor and the convection

heat transfer coefficient in the flow
direction for flow in a tube (Pr > 1).
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SCAMBIO TERMICO IN CONDOTTI

Thermal
boundary layer
Temperature profile
T; T,
=K =

Thermal Thermally
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The enthalpy

is of interest because we use it in writing the First Law of Thermodynam-

ics when calcula the inflow of thermal energy and flow work to open
control volumes.
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(7.3)

(7.4)

In words, then,

or simply




is perfectly general and applies to either laminar or turbulent flow. For
a circular pipe, with dA. = 2mr dr, eqn. (7.5) becomes

R
J.o pcpuT 21ty dr

Ty = (7.6)

R
IO pPCpU 2TtV dr

where T generally depends on x and r. ThlS means that the prof]le can
be scaled up or down with T;, — Tj. | : )

SCAMBIO TERMICO IN CONDOTTI

You will recall that in the absence of any work interactions (such as electric
resistance heating), the conservation of energy equation for the steady flow of
a fluid in a tube can be expressed as (Fig. 8-10)

(8-15)

where T; and T, are the mean fluid temperatures at the inlet and exit of the
tube, respectively, and Q is the rate of heat transfer to or from the fluid. Note
that the temperature of a fluid flowing in a tube remains constant in the ab-
sence of any energy interactions through the wall of the tube.

The thermal conditions at the surface can usually be approximated with
reasonable accuracy to be

For example, the constant surface
temperature condition is realized when a phase change process such as boil-
ing or condensation occurs at the outer surface of a tube. The constant surface
heat flux condition is realized when the tube is subjected to radiation or elec-
tric resistance heating uniformly from all directions.
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SCAMBIO TERMICO IN CONDOTTI

Surface heat flux is expressed as

where £, is the local heat transfer coefficient and 7 and 7,, are the surface and
the mean fluid temperatures at that location. Note that the mean fluid temper-

of a tube, but not both. Next we consider convection heat transfer for these
two common cases.
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FLUSSO TERMICO COSTANTE
In the case of ¢, = constant, the rate of heat transfer can also be expressed as

Q =q4,A, = me(Te —-T) (W) (8-17)

Then the mean fluid temperature at the tube exit becomes

Note that the mean fluid temperature n the flow direction
in the case of constant surface heat flux, since the surface area increases lin-
early in the flow direction (A, is equal to the perimeter, which is constant,
times the tube length).

The surface temperature in the case of constant surface heat flux ¢, can be
determined from

(8-19)

1g. 8—11). Of course this is true when the fluid properties remain constant
during flow.
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FLUSSO TERMICO COSTANTE
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FIGURE 8-14

Variation of the rube surface The variation of the mean fluid

_and the mean fluid temperatures temperature along the tube for the
along the tube for the case of case of constant temperature. 3

constant surface heat flux.

FLUSSO TERMICO COSTANTE

dx shown in Figure 8-12. It gives

where p is the perimeter of the tube.
Noting that both ¢, and 4 are constants, the differentiation of Eq. 8-19 with
respect to x gives

80 =n(T,-T,)dA
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dl,, _ 9.p dT, dT,
dx mC FLUSSO TERMICO COSTANTE dx  dx
since T, — T,, = constant. Combining Egs. 8-20, 8-21, and 8-22 gives
For ccularue, . 11'Randn'z = p,,, ..» = (11'R, d q. 83
becomes
. _ oT _dIy _dT,, 24,
Circular tube: xdx dx oV, C,R = constant (8-24)
where ¥, is the mean velocity of the fluid.
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TEMPERATURA COSTANTE

G dT, = T, = T)dA, 27

. p, whre i rite 0 c be, and th dT = Ts ,,,)

since T is constant, the relation above can be rearranged as

Integrating from x = 0 (tube inlet where 7,, = T;) to x = L (tube exit where

T, =T, gives

12




T, -T, hA
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T

S

Ten-d-mescmm  aw

Solving Eq. 8-29 for mC, gives

Substituting this into Eq. 8—17, we obtain Q = 4,A,=mC\T,— T) (8-17)
where
AT = 7, B ATe—ATf 5 54
™ = In[(T, — TOT, — T)]  In(AT,/AT) @R y5

SCAMBIO TERMICO IN CONDOTTI

appears to be prone to misuse, but it is practically fail-safe, since using 7; in
place of 7, and vice versa in the numerator and/or the denominator will, at
most, affect the sign, not the magnitude. Also, it can be used for both heating
(T, > T;and T,) and cooling (T, < T; and T,) of a fluid in a tube.

The logarithmic mean temperature difference A7, is obtained by tracing the

rror in using the
But the error in-

When e differs from
arithmetic mean temper:

creases to undesirable levels when AT, differs from A7, by greater amounts.
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SCAMBIO TERMICO IN CONDOTTI MOTO Laminare

Circular tube, laminar (¢, = constant): Nu = % = 4.36 (8-60)
. : hD
Circular tube, laminar (T, = constant): Nu = e 3.66 (8-61)
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SCAMBIO TERMICO IN CONDOTTI MOTO TURBOLENTO

and 1t 1s pretferred to the Colburn equation.

The Nusselt number relations above are fairly simple, but they may give
errors as large as 25 percent. This error can be reduced considerably to less
than 10 percent by using more complex but accurate relations such as the sec-

ond Petukhov equation expressed as

(f18) Re Pr (0.5 < Pr < 2000
Nu

10* <Re <5 X 105) (8-69)

T 107 + 127(/18)°5 (PR — 1)
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SCAMBIO TERMICO IN CONDOTTI FLUSSO TERMICO

COSTANTE

Vv 5m/s
D 0.1m ' =
L 10 m me,(T,-T,)=9A, > q§ = mciEL )
AT 10 K

Aria Acqua Rapporto
p 1.2 1000 kg/m’ 833
cp 1.004 4.178 kJ/kgK 4.16
m 0.047124 39.3 kg/s 833
q 0.15 522 kW/m’ 3468 vD uY
k 0.025 0.6 W/mK Nu =0. 023( ] [ P ]
m 1.81E-05 1.00E-03 Pas 55.3 i K
Re 3.31E+04 5.00E+05 15.1
Pr 0.73 6.97 9.6
Nu 83.7 1811 21.6 Heating
h 20.9 10864 519
Nu 86.4 1491 17.26 Cooling
h 21.6 8947 414
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Equicorrente

w, both the hat and celd ﬂmﬂs antcr hﬁﬂt

(or 200 ft“/ft°) is classified as being compact. Examples of compact heat
exchangers are car radiators (8 =~ 1000 m?*m?), glass ceramic gas turbine
heat exchangers (B =~ 6000 m%*m?), the regenerator of a Stirling engine
(B = 15,000 m?*m?), and the human lung (B = 20,000 m%*m?). Compact heat
exchangers enable us to achieve high heat transfer rates between two fluids in
a small volume, and they are commonly used in applications with strict limi- ‘l'

tations on the weight and volume of heat exchangers (Fig. 13-2).
/Complementi di Gasdinamica — T Astarita Controcorrente
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FIGURE 13-2

A gas-to-liquid compact heat
exchanger for a residential air-
conditioning system.

Scambiatore a pacco alettato
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Zross-flow Q
(unmixed)

Il o8

Tube flow
(unmixed)

‘a) Both fluids unmixed

Cross-flow
(mixed)

Tube flow
(unmixed)

(b) One fluid mixed, one fluid unmixed
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Tube Shell
outlet inlet

Baffles

Front-end

header

Rear-end

header

Tubes

Shell Tube

outlet inlet

Scambiatore a fascio tubiero e mantello (shell and tube)
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inner tube. For a double-pipe heat exchanger, we have A, = wD;,L and A, =

7D, L, and the thermal resistance of the tube wall in this case is

where £ is the thermal conductivity of the wall material and L is the length of

_In(D,/D;)
21kL

the tube. Then the total thermal resistance becomes
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(13-1)

(13-2)
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\ . Heat
" transfer
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Heat
transfer \'
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(13-4)

Perhaps you are wondering why we have two overall heat transfer coefficients
U, and U, for a heat exchanger. The reason is that every heat exchanger has
two heat transfer surface areas A; and A,, which, in general, are not equal to
each other.
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Representative values of the overall heat transfer coefficients in
heat exchangers
Type of heat exchanger U, W/m?2 - °C*
Water-to-water 850-1700
Water-to-oil 100-350
Water-to-gasoline or kerosene 300-1000
Feedwater heaters 1000-8500
Steam-to-light fuel oil 200-400
Steam-to-heavy fuel oil 50-200
Steam condenser 1000-6000
Freon condenser (water cooled) 300-1000
Ammonia condenser (water cooled) 800-1400
Alcohol condensers (water cooled) 250-700
Gas-to-gas 10-40
Water-to-air in finned tubes (water in tubes) 30-607
400-8501
Steam-to-air in finned tubes (steam in tubes) 30-3001
400-4000#
Tipicamente limitato da uno dei due scambi convettivi
s omplementi di Gasdinamica — T Astarita 26
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vary with position in the exchanger and/or with local temperature. But
in situations in which U is fairly constant, we can deal with the varying
temperatures of the fluid streams by writing the overall heat transfer in
terms of a mean temperature difference between the two fluid streams:

(3.1)

The temperature of both streams is plotted in Fig. 3.8 for both single-
pass arrangements—the parallel and counterflow configurations—as a
function of the length of travel (or area passed over). Notice that, in the
parallel-flow configuration, temperatures tend to change more rapidly
‘with position and less length is required. But the counterflow arrange-
ent achieves generally more complete heat exchange from one flow to

Thin AT,

T out
ATb AT 2 .rcou':
/ _T Thom:

ATb

Tein e

Length or area Length or area
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This arrangement has some special characteristics, which we point out

shortly.

The determination of ATmean for such arrangements proceeds as fol-
lows: the differential heat transfer within either arrangement (see Fig. 3.8)

1S

cases, respectively; an

enotes a change from left to rignt in the

exchanger. We give symbols to the total heat capacities of the hot and

cold streams:
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parallel flow:
(3.4)
counterflow:
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Substitution of these in dQ = C.dT, = UAT dA yields

- N

Equations (3.6) can be integrated across the exchanger:

If U and C, can be treated as constant, this integration gives
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If U were variable, the integration leading from eqn. (3.7) to egns. (3.8)
is where its variability would have to be considered. Any such variability

Conservation of energy (Q. = Qy) requires that

(3.10)
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Then eqn. (3.9) and eqn. (3.10) give

(3.11

(3.12)

o4
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The appropriate ATmean for use in eqn. (3.11) is thus the logarithmic mean

temperature difference (LMTD):

AT, — ATy

ATa)
0 (ATb
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(3.13)
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