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CONDENSATION WITH SHEAR EDGE ON 

BANK OF TUBES

• Condensation within tube banks is subject to the

combined effects of vapor shear and falling

condensate from upper tubes. The latter is

called condensate inundation. Tube orientation may be

vertical or horizontal.

• However, horizontal orientation is more common when

a pure vapor is to be condensed. the factors that affect

condensation heat transfer of pure vapors in a

horizontal tube bank.
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• The mode of condensate inundation depends on the 

inundation rate and vapor velocity.

• At low vapor velocities, condensate drains in discrete 

drops (Figure 1a), then in condensate columns (Figure 

1b), and then in a condensate sheet (Figure 1c) as the 

inundation rate increases. In a closely packed 

staggered tube bank, side drainage may occur 

depending on the condition (Figure 1d) 
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• The condensate impinging on the lower tube causes

splashing, ripples and turbulence on the condensate

film (Figure 1e). At high vapor velocities, the

condensate leaving the tube is disintegrated into small

drops and impinges on the other tubes (Figure 1f). A

wide variety of condensate drainage mode shown

in Figure 1 results in a wide breadth of experimental

data regarding the effect of condensate inundation.
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FILM CONDENSATION ON HORIZONTAL 

TUBES

• Nusselt’s analysis for laminar filmwise condensation 

on horizontal tubes leads to the following relations:

For single horizontal tube

For horizontal tube bank 

with N tubes placed directly 

over one another in the 

vertical direction

Where D is outer diameter of the tube
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• The phenomena inside tubes are very complicated

because the overall flow rate of vapor strongly affects the

heat transfer rate and also the rate of condensation on

the walls

• The h’fg equation is restricted to low vapour Reynolds

number such that

FILM CONDENSATION INSIDE HORIZONTAL 

TUBES
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Where Rev  is evaluated at inlet condition to the tubes

PROBLEM

1.
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COMPACT HEAT EXCHANGERS(CHE)

1) Compact heat exchangers are used when a large heat

transfer surface area per unit volume is desired. This means

that the smallness of weight and size is important.

2) Compact heat exchangers are used when at least one of the

fluids is a gas. Hence the heat transfer coefficient is low.

3) A heat exchanger having a surface area density greater than

about 700 m2/m3 is quite referred to as a compact heat

exchanger.

4) Compact heat exchangers are available in a wide variety of

configurations. Many different tubular and plate

configurations have been considered, where differences are

due to fin design and arrangements.
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HEAT TRANSFER MATRIX - CHE
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Heat transfer results are correlated in terms of Colburn j 

factor and Reynold’s number  where,
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Where,
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BOILING

• Occurs at the solid–liquid interface when a liquid is 

brought into contact with a surface maintained at a 

temperature Ts sufficiently above the saturation 

temperature Tsat of the liquid 

• By Newton’s law of cooling,

qboiling = h(Ts - Tsat) = hΔTexcess (W/m2 ) 

where, ΔTexcess = (Ts - Tsat)-------> Excess temperature
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TYPES OF BOILING

(1) Pool boiling – absence of bulk fluid flow

(2) Flow boiling (or forced convection boiling) –

presence of bulk fluid flow
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POOL BOILING

• The fluid is not forced to flow by a mover such as a 

pump, and any motion of the fluid is due to natural 

convection currents and the motion of the bubbles 

under the influence of buoyancy.
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BOILING REGIMES AND THE BOILING CURVE
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(I)Natural Convection Boiling (to Point A on

the Boiling Curve)

The fluid motion in this mode of boiling is

governed by natural convection currents, and heat

transfer from the heating surface to the fluid is by

natural convection

(II)Nucleate Boiling (between Points A and C)

Nucleate boiling is the most desirable boiling

regime in practice because high heat transfer rates can

be achieved in this regime with relatively small values

of ΔTexcess, typically under 300C for water
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(III)Transition Boiling (between Points C and D)

In the transition boiling regime, both nucleate

and film boiling partially occur. Nucleate boiling at

point C is completely replaced by film boiling at point

D. Operation in the transition boiling regime, which is

also called the unstable film boiling regime, is avoided

in practice.

(IV)Film Boiling (beyond Point D)

In this region the heater surface is completely

covered by a continuous stable vapor film. Point D,

where the heat flux reaches a minimum, is called the

Leidenfrost point HEAT & MASS TRANSFER                
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HEAT TRANSFER CORRELATIONS IN POOL 

BOILING

(i) Nucleate boiling regime (50C ≤ ΔTexcess ≤ 300C)

where
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(ii)Peak Heat Flux

The maximum (or critical) heat flux in nucleate 

pool boiling was determined by

where Ccr is a constant whose value depends on the 

heater geometry

(iii)Minimum Heat Flux

The minimum heat flux for a large horizontal plate,
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(iv)Film Boiling

The heat flux for film boiling on a horizontal 

cylinder or sphere of diameter D is given by,

where kv is the thermal conductivity of the vapor 

in W/mK and
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Treating the vapor film as a transparent medium

sandwiched between two large parallel plates and

approximating the liquid as a blackbody, radiation heat

transfer can be determined from

For qrad < qfilm
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PROBLEMS
1.

The properties of water at the saturation 

temperature of 1000C are σ =  0.0589 N/m and

for the boiling of water on a mechanically polished

stainless steel surface
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(a) The excess temperature in this case ΔTexcess = (Ts –

Tsat) = 108 – 100 = 80C which is relatively low (less than 

300C). 
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(b) The rate of evaporation of water is determined from

2.

The properties of water at the saturation

temperature of 1000C are σ = 0.0589 N/m

and HEAT & MASS TRANSFER                
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For the boiling of water on a nickel

plated surface

The heating element in this case can be considered to 

be a short cylinder whose characteristic dimension is 

its radius. That is, L = r = 0.005 m. The dimensionless 

parameter L* and the constant Ccr are determined from 
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The nucleate boiling heat flux for a specified surface

temperature, can also be used to determine the surface

temperature when the heat flux is given
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3.

The properties of water at the saturation 

temperature of 1000C are hfg = 2257 x 103

J/kg and ρf = 957.9 kg/m3.The properties 

of vapor at the film temperature of Tf = (Tsat

+ Ts)/2  = (100 + 350)/2 = 2250C are
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The excess temperature in this case is ΔTexcess = (Ts – Tsat) =

350 – 100 = 2500C which is much larger than 300C for water.

Therefore, film boiling will occur. The film boiling heat flux in

this case can be determined from

HEAT & MASS TRANSFER                

S.ARUNKUMAR / APME



The radiation heat flux is determined from 

Note that heat transfer by radiation is negligible in this case 

because of the low emissivity of the surface and the relatively 

low surface temperature of the heating element. Then the total 

heat flux becomes 
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Finally, the rate of heat transfer from the heating element to 

the water is determined by multiplying the heat flux by the 

heat transfer surface area,
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FLOW BOILING

•The fluid is forced to move by an external source such

as a pump as it undergoes a phase-change process.

•Types: External or internal flow boiling

•External flow boiling over a plate or cylinder is

similar to pool boiling, but the added motion increases

both the nucleate boiling heat flux and the maximum

heat flux considerably.

•Internal flow boiling commonly referred to as two-

phase flow, is much more complicated in nature

because there is no free surface for the vapor to

escape, and thus both the liquid and the vapor are

forced to flow together.
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HEAT EXCHANGER

Facilitate the exchange of heat between two fluids that

are at different temperatures while keeping them from

mixing with each other.

TYPES

1. Nature of heat exchange process

(i) Direct contact heat exchangers

(ii) Indirect contact heat exchangers

(a) Regenerators

(b) Recuperators
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2. Relative direction of fluid motion

(i) Parallel flow heat exchanger

(ii) Counter flow heat exchanger

(iii) Cross flow heat exchanger

3. Design and constructional features

(i) Concentric tubes

(ii) Shell and tube

(iii) Multiple shell and tube passes

(iv) Compact heat exchanger

4. Physical state of fluids

(i) Condensers

(ii) Evaporators
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THE EFFECTIVENESS–NTU METHOD 

A heat exchanger can be designed by the LMTD

(Logarithmic mean temperature difference) when inlet

and outlet conditions are specified. However, when the

problem is to determine the inlet or exit temperatures

for a particular heat exchanger, the analysis is

performed more easily, by using a method based on

effectiveness of the heat exchanger and number of

transfer units(NTU)

Heat exchanger effectiveness
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The actual heat transfer rate can be determined by writing an 

energy balance  over either side of the heat exchanger
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The maximum rate of heat transfer for parallel flow or 

counter flow heat exchangers would occur if the outlet 

temperature of the fluid. With smaller value of Ch or Cc  

i.e. Cmin were to be equal to the inlet temperature of the 

other fluid 

Qmax is the minimum of these two values, i.e.,
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Once the effectiveness is known, the heat transfer rate 

can be very easily calculated  by using the equation

PROBLEM

1.
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The heat capacity rates of the hot and cold fluids are 

The maximum heat transfer rate IS
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The maximum temperature difference in this heat

exchanger is ΔTmax = Th,in - Tc,in = (70 - 10)0C = 600C.

Therefore, the hot water cannot be cooled by more than

600C (to 100C) in this heat exchanger, and the cold

water cannot be heated by more than 600C (to 700C),

no matter what we do. The outlet temperatures of the

cold and the hot streams in this limiting case are

determined to be
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EFFECTIVENESS RELATIONS FOR HEAT EXCHANGER
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CHARTS FOR HEAT EXCHANGER PROBLEMS

(a) Parallel flow (b) Counter flow
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(c) One shell pass 

and 2, 4, 6, ….tube 

passes

(d) Two shell passes 

and 4, 8, 12, …..tube 

passes
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(e) Cross flow with 

both fluids unmixed

(f) Cross flow with one 

fluid mixed and the 

other unmixed
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PROBLEMS

1.

First to determine the heat capacity 

rates of the hot and cold fluids and 

identify the smaller one 
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The maximum heat transfer rate is 

HEAT & MASS TRANSFER                

S.ARUNKUMAR / APME



The actual heat transfer rate is 

The effectiveness of heat exchanger is
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The heat transfer surface area becomes

The length of the tube must be
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2.

We take the specific heats of water

and oil to be 4.18 and 2.13 kJ/kg0C,

respectively.

Now, determining the heat capacity 

rates of the hot and cold fluids and 

identify the smaller one
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The maximum heat transfer rate is,

The heat transfer surface area is
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The effectiveness of this heat exchanger

corresponding to c =0.764 and NTU = 0.854 is (from

the chart c)

HEAT & MASS TRANSFER                

S.ARUNKUMAR / APME



The actual rate of heat transfer becomes

The outlet temperatures of the cold and the hot fluid streams

are determined to be

HEAT & MASS TRANSFER                

S.ARUNKUMAR / APME



3.
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4.
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From the calculated values,
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