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Abstract

An example of design of heat exchange equipment in shell and tube type was introduced as one of applications
in food and fermnentation industry. The design was performed in terms of thermal and mechanical aspects. The
thermal design was to find approximate size of the exchanger unit by iterative calculations of equations relevant
to heat transfer. First, a reasonable value of overall heat transfer coefficient was assumed. Second, another es-
timate of the overall heat transfer coefficient was computed and such steps were repeated until the first estimate
agreed with the last estimate. Finally, tube number of heat exchanger was decided where there was a good
agreement and pressure drop did not exceed a tolerable value. In mechanical design, diameter, length, thickness
of tube and its layout, and pass number were decided on the basis of standard method.
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(1) Shell side

APy = (G2 D L)Y/(2x10°D.SpB)  [kN/m?] (6
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Fig. 1. Design procedure of heat exchanger.
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Table 1. Approximate film coefficients (Backhurst and
Harker, 1973)

Film coefficients h, or h

Fluids [W/"m1‘ K]
No change of state
Water 1700~ 11400
Gases 17~280
Organic solvents 340~2800
Oils 57-680)
Condensation
Steam ST00~17000
Organic solvents §50~2800)
Light oils 1140~2280
Heavy oils 1 14~280
Ammonia 2800~5700
Evaporation
Water 4540~11400
Organic solvents 570-1700
Ammonia 1140~2280
Light oils B50~1700
Heavy oils 37~280
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Table 2. Minimum plate thickness (carbon steels)

Shell diameter Minimum plate thickness
{in] [in {mm)]

13~24 8 (9.5)
75229 38 (9.5
30~39 716 (11.1)
40~060 172 (12.7)
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Table 3. Initial conditions and physical parameters for
thermal and mechanical design of heat exchanger

{a) Basic design condition for an ethanol condenser

Heat load, Q=1.94E+06 [W]
Termperature, hot fluid in, T:=351.9 {K]
Temperature, hot fluid out, T>=351.9 [K]
Temperature, water in, t;=297.0 [K]
Temperature, water out, :=313.0 [K]
LMTD, AT,=46.5 [K]
Mean water temperature, t,=(t+1,)/2=305.0 {K|
Water mass flow rate, w=Q/(4.187*1000/(t--t,))=28.90 [kg/s]
Water volumetric flow rate, v/1000=0.029 [m'/s]
Assumed water velocity, u=0.70 [m/s]
Cross area for flow/pass(cross area/pass), A=viu=0.041 [m'}
Cross area for flow/tube(cross areaftube), A=mdi'/4=3.87E-04
[m’]
(b) Physical input parameters for the calculation of film
and heat transfer coefficienis
Total scale resistance, Ry=0.00053 [m’K/W]
Latent heat of condensate, 4=854623 [J/kg]
Inner tube diameter, di=0.0222 [m]
Owter tube diameter, d.=(.0254 [m]
Tube thickness, t=(d.-di}/2 [m]
Tube length available, 1.=4.88 [m}
Thermal conductivity, k=0.12980 [W/mK]
Density, p=509.39 [kg/m’]
Viscosity, ¢=0.000136 {Ns/m’]
Gravitational conslant, g=9.806635 [m/s’]
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Table 4. Resuits for the calculation of overall heat transfer coefficient (Uy)

ate . ilm coefficients, [W/m’ “lean
Hera-  Assumed Calculated #pass, . #ube  Corrected Film coefficients, [W/m'K] ¢ }( d.n Calculated
. . cxchange  #tube #pass, . Correcied i P ] . coefficient ;
tion Uy . design L - u tube side shell side Uss
N wimk]  ed A required calculated e #tube/pass cileulated  [ms] Ue [Wim'K]
0. [WimK] fm*] vate ' ’ h h,, h, [Wim’K}
i QO 46 119 1.1 1 1% 119 0.627 2969 2595 3852 1550 851
2 853 49 126 1.2 1 126 126 0.593 2836 2479 377N 1496 834
3 8§34 50 129 1.2 ! 124 129 0.579 2783 2433 3741 1474 828
4 K24 50 1300 1.2 ] 130 130 (.574 2766 2418 3731 1467 825
3 825 50 130 1.2 l 130 130 0.574 2766 2418 3728 1460 825
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