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Abstract — This shell-and-tube type heat exchanger design code based on stream analysis method was
developed to design accurate and advanced heat exchangers. Several geometry factors which affect the heat
exchanger design was explained. Stream analysis method to calculate flow fraction of each stream and heat
exchanger design flow chart was introduced. Performance of developed simulation code was compared with
Delaware(09, Delawarel0, DongHwa and ANL experimental data. The statistical results of performance eval-
uation indicated that most data points are predicted within £30%. But the pressure loss was over predicted.
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Fig. 1. Correlation of manufacture cost to mainten-
ance and repair.
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A Stream : the leakage stream by the clearance between baffle and tube wall.
B Stream : the main effective cross-flow stream.

C Stream : the tube bundle bypass stream between bundle and shell wall.

E Stream : the leakage stream by the clearance between baffle and shell wall.
F Stream : the bypass stream in flow channels due to tube pass partitions.

Fig. 2. Schematic flow distribution diagram for baffled shell-side flow.
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Fig. 3. Interface window of the developed heat exchanger design software.

Table 1. Detailed thermal design parts of heat ex-
changer.

- Shell-side heat transfer and pressure drop

- Tube-side heat transfer and pressure drop

- Nozzle, stationary head, rear head side pressure drop
- Development of design routine

- Optimization design

- Fouling part

- Vibration part

- Heat transfer enhancement
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Table 2. Applied heat transfer coefficients and friction factors to this design code.

Region Tube side Remarks
Nu=c1+1.4s[5Re*Prx]
4 A, C,, C,, m : flow condition functions
Laminar . Gr Re<2,000
Re'=Re+C, (}-ﬁ)
f=16/Re Re<1,300
_ _ T : proration function
Nu=NN Uy (11Nt 2,000<Re<10,000
. - Smooth tube
ansit
Transition 1,300<Re<2,200
f=0.012 . .
- Commercial pipe
1,300<Re<3,600
Nu=0.025 Re"” Pr ¢, Re>10,000
- Smooth tube, Re>2,200
Turbulent fath Res a=0.0014, b=0.125, ¢=—0.32
=a e - Commercial tube, Re>3,600
a=0.0035, b=0.264, c=—0.42
Region Shell side Remarks
. = (al)(Pt/Dw) (Re)” a, al, a2 : j correlation constants
Total regions
1.33 "2 b, bl, b2 : f correlation constants
=b R - b1, B2
(Pr/Dw)( ©
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Table 3, Relative flow rate and flow fractions of each streams based on Stream analysis.

Stream Relative flow quantity Flow fraction
B (Cross flow) QRg=S5[1/K5]** FFB=QRy/SUMQ
C (Bypass) QR =S [1/K]* FFC=QR/SUMQ

F (Pass partition)
A (Tube-baffle leakage)
E (Baffle-shell leakage)

QRF=SF[( 1 +Z)/KF}O.5
QR =wS,[(1+X)/K, 1"
QRe=Sg[(1+X)/Kg]**

FFF=QR,/SUMQ
FFA=QR,/SUMQ
FFE=QR,/SUMQ

AN
N

~

e A g

Re

Fig. 4. Crossflow (Kg) and bypass (K;) resistance
coefficient.

K, of Ke

Re
Fig. 5. Leakage (K,, Kg) resistance coefficient.
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on stream analysis method.
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Table 4. Specification and basic dimensions of the tested exchangers.
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Items Delaware(09 Delaware10 DongHwa ANL
Fluid Shell Gulf 896 Oil Gulf 896 Oil SAE 30 Water
Tube Water Water Water No fluid
Shell ID [mm] 133 232 650 590
Tube No. 80 470 454 499, 421
Tube OD [mm] 9.53 6.33 19.00 19.10
Tube thick [mm] 1.245 1.245 1.2 1.2
Tube length [mm] 450 450 3188 3580
Tube layout angle [°] 45 30 30 30, 90
Tube pitch [mm] 11.91 8.44 25.00 22.92
Baffle type Segmental Segmental Segmental Segmental
Baffle cut [%] 18.4, 31.0, 43.7 20.4 439 26, 29, 30
Baffle thick [mm} 3.18 1.59 6.00 9.50
Baffle No. 7, 13,25 5 8 5,7
Tube-Baffle 0 0.25 0.30 04
Clearance [mm] Baffle-Shell 0 2.03 1.60 3.0
Bundie-Shell 6 11.63 13.00 22.0, 28.0
Sealing strips 0 0,2,3 0 0
Shell-In - - 150 337, 241
Nozzle [mm] Shell-Out - - 150 337, 241
Tube-In - - 125 -
Tube-Out - - 125 -
Shell 1 1 1 1
Pass number Tube 1 | 4 i
Table 5. Explanation of legend configuration codes.
Position Symbols Definition
1st 18, 31, 43 Baffle cut
Delaware09 2nd 03, 07, 13, 25 Baffle No.
Delaware10 Ist SS0, SS2, SS3 Number of sealing strips
Ist 6, 8 Number of cross passes
ANL 2nd 10, 14 Nominal size of nozzles
3rd 30, 90 Tube layout pattern
4th 26, 29, 30 Baffle cut
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Fig. 8. Comparison between this simulation code
and Delaware09 data for heat transfer.
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Fig. 12. Comparison between this simulation code

and Delaware09 data for Pressure loss.
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Fig. 14. Comparison between this simulation code
and ANL data for Pressure loss.
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