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[image: ]Process data

[image: ]Heating and Cooling Table
[image: ][image: ]Open HTRI and Input Summery sheet and enter data in red areas
[image: ]Enter operating data in process sheet in red areas
	











[image: ][image: ]Enter heating and cooling table data in hot and cold fluid properties in red areas
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Put shell info in shell sheet in red areas
Note: 
1.Initially estimate shell ID between 1.5-3 times tube-side pipeline ID, here it is 4 inch so first 
[image: ]   estimation would be 250mm








[image: ]In Reboiler Sheet do not enter an input








Put Tube mechanical data
Since it is water, due to velocity criteria, 19.05 is selected and thanks to presence of CO2 and 
Ammonia in the water SS is selected.
[image: ]According to table below tube thickness of 1.65 is chosen.
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[image: ]Act like below


Put baffle info in baffle sheet in red areas like below
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[image: ]Act exactly like below for impingement sheet and Clearance
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Enter nozzle info from piping info
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[image: ]Set nozzle location



Results:
1. Now run and this results in 129% overdesign factor and shell dp of 0.06 bar. Just 

remember there is no need to take any action for below warning sometimes, because 

later you see that after activation of tube layout option this will disappear. So from this 

result we realize that the diameter due to dp I shell side should be increased and in 

order to decrease the overdesign factor tube length is decreased in stepwise manner to 

4.27m and after run, the result is that alongside with decrease in overdesign factor to 

59%, dp reduces to 0.04 bar. Repeat it and reduce the tube length to 3m and run it and 

as a result the overdesign factor reduces to 11% and dp becomes 0.03 bar.

2. Now before increase shell ID please play with baffle spacing to reduce dp in shell side.


	Spacing
	Dp
	Overdesign
	B-stream

	100
	0.034
	11.7
	

	150
	0.023
	9.58
	57

	200
	0.019
	7.41
	62

	250
	0.017
	6.25
	65

	300
	0.016
	4.86
	67












3. Increase the baffle spacing to 250
4. Activate tube layout option and increase the shell ID to 300 mm and run it. Dp reduces to 0.015 
and overdesign factor to 43%.
5. Since water velocity is at minimum, we double pass the tube side and run it. Notice that 
controlling side is the shell side and by doing so , tube side h increases from 6224 to 11792 , 
overdesign factor decreases from 34 to 26 due to decrease in surface area , dp in shell side 
increases from 0.098 to 0.42 bar and velocity from 1 to 2.4 m/s 
6. by checking Vibration page for pv2 in bundle entrance we perceive that there is no need to 
have impingement plate.
7. for dp reasons we increase the shell side ID and to keep overdesign factor constant then omit 
some tubes . Dp reduces to 0.011 and overdesign factor to 40%. Then some tubes were omitted 
but dp criteria not met. So Shell ID was increased to 350 and tube length reduced to 2.8 m. and 
after some tube omission final sketch is reached with overdesign factor of 7.25%.
Please notice that changing direction of concurrent or countercurrent in this case study does not 
have any substantial impact on overdesign factor. However, Topsoe proposed concurrent 
direction is preferred.
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From process perspective it is not needed to have such heat exchanger with such low dp 
design. therefore, in my perspective following design with following result could be used.

	Parameters
	Value

	Shell ID
	270

	Tube length
	3.65

	Baffle Spacing
	200

	Baffle cut
	35


[image: ]
[image: ]

Comparison between different Design:
While Topsoe design offers a heat exchanger with 40% overdesign and 844 kg weight and my 
design gives 7% overdesign and 823 kg weight , process design gives an overdesign of 5% and 
620 kg weight.
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Table 1.3 Typical diameters. thicknesses and pitch arrangement of tubes

Tube outside diameter mm 1588 19.05 2540 3175

in H } 1 1

Tube thickness Carbon and low-alloy steels mm 1.65 2.11 27 3.40

in 0.065 0083  0.109 0.134

bwg 16 14 12 10

Stiinless steels, aluminium, copper and - mm 124 165 211 277
nickel alloys

in 0.049  0.065 0.083 0.109

bwg 18 16 14 12

Minimum tube Clean service (30° or 60°) mm 1984 2381 3175 39.69
pitch
in 4 i n 15
Fouling service (45° or %0°) mm 2222 2540 3175 39.69

in H 1 1 13
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Flow rate (kg/r) 6150.02 683795
RunLog
Data Check Messag |INieUOutletY (Wt fracvap.) 0.000 0.000 0.000 0.000
E I |Inlevoutet T (023 C) 17200 78.00 49.00 57.00
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B Tubeside Monitor Exchanger Performance
& vibration Shellh (Wim2-K) 251442 | Actual U (Wim2-K) 989.05
Rating Data Sheet | Tube Wim2-K) 9057.31 | Required U (Wim2-K) 93510
Hotregime ) Sens.Liuid | Duy (MegaWatts) 05995
TEMASpecsheet |14 ragime ) Sens.Liuid | Area m2) 12248
1\ Property Monitor | gyTp (Deg C) 611 | Overdesign %) 577
&, stream Propertes Shell Geometry Baffle Geometry
& input Reprint TEMA e © BEM | Bafe tpe ) Single-Seg
Shell ID (mm) 270.000 | Baffle cut (PctDia.) 35.00
Series © 1 | Batfe orientation ©) Perpend
paralel © 1 | Centatspacing  (mm) 200000
Orientation (deg) 0.00 | Crosspasses ] 15
Tube Geometry Nozzles
Tude tpe © Plain | Shelnlet (mm) 40251
Tube OD (mm) 19.050 | Shell outiet (mm) 49.251
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Tuse Pass ) 1
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Shell Side Tube Side Units
Inlet Outlet Inlet Outlet

Fluids Process condensate Process condensate

Quantity: total 6150 68379 kg/h
liquid 6150 6150 68379 68379 kg/h
gas kg/h

Operating temperature 172 78 49 57 °C

Operating pressure 43,3 49,5 bar g

Liquid: molecular weight 18,02 18,02 18,03 18,03 kg/kmol
density 897 974 990 986 kg/m?
viscosity 0,16 0,363 0,559 0,486 cP
specific heat capacity 4,361 4,181 4,161 4,165 kJ/kg/°C
thermal conductivity 0,6830 0,6613 0,6322 0,6418 W/m/°C
boiling temperature 172 242 °c

Gas: molecular weight kg/kmol
density kg/m*
viscosity cP
specific heat capacity kJ/kg/°C
thermal conductivity W/m/°C
dew point €
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Liquid heat Liquid thermal
Temperature Gas fraction Duty profile Liquid density | Liquid viscosity capacity conductivity | Surface tension
ie wt % Mw kg/m? cP kJ/kg/°C W/m/°C dyn/cm
172 0,00 0,0 897 0,16 4,361 0,6830 44
160 0,00 -01 908 0,172 4,324 0,6862 46
149 0,00 -0,2 919 0,186 4,292 0,6877 49
137 0,00 -0,3 930 0,203 4,264 0,6876 51
125 0,00 -0,3 939 0,223 4,24 0,6858 53
114 0,00 04 949 0,247 4,22 0,6823 56
102 0,00 -0,5 958 0,277 4,204 0,6770 58
90 0,00 -0,6 966 0,315 4,191 0,6701 60
78 0,00 -0,7 974 0,363 4,181 0,6613 62
Tube side
Liquid heat Liquid thermal
Temperature Gas fraction Duty profile Liquid density | Liquid viscosity capacity conductivity | Surface tension
ol wt % MwW kg/m? cP kJ/kg/°C W/m/°C dyn/cm
57 0,00 0,0 986 0,486 4,165 0,6418 66
56 0,00 0,1 987 0,494 4,164 0,6407 67
55 0,00 0.2 987 0,502 4,164 0,6395 67
54 0,00 03 988 0,511 4,163 0,6383 67
53 0,00 0,3 988 0,52 4,163 0,6371 67
52! 0,00 04 989 0,529 4,163 0,6359 68
51 0,00 0,5 989 0,539 4,162 0,6347 68
50 0,00 0,6 990 0,549 4,162 0,6335 68
49 0,00 0.7 990 0,559 4,161 0,6322 68
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