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Numerical Simulation and Analysis of Chevron Type Heat Exchangers

for Thermal Camouflage of Buried Structures

H. Radmard*, A. Sharifi, M. Salari
Imam Hossein University
(Received: 03/05/2016; Accepted: 11/01/2017)

Abstract

The reports have shown that the existed thermal 1.R sensors are able to sense the temperature difference 2°C to 8
°C between buried spaces exhaust air and ambient with a good accuracy. In this paper, in order to minimize the
probability of identifying safe buried structures by spy satellites and increasing their thermal camouflage, a plate
heat exchanger for reducing the temperature of the exhaust air of buildings to ambient temperature is proposed.
The technical specification of the proposed chevron type heat exchanger is determined based on the traditional
design approaches. A MATLAB program code is developed for analysis of these heat exchangers and finding the
optimized angle of grooves and estimating number of plates. The ANSYS software is also used to analysis the effects
of plate materials on total heat transfer and their strength to deformation. Then the designed heat exchanger, under
the same operating conditions with the analytical approach, is analyzed again by the ASPEN software. The
analytical solutions and the numerical results were validated with approved results reported in the literature and a
good consistency was observed. Finally as a case study, the groove angles, required number of plates and other
geometrically data is calculated for a heat exchanger of a safe buried structure. The results showed that a plate
heat exchanger, made by 161 stainless steel plates with 2m in height and 45 degrees groove angle, is needed for
thermal camouflage of a safe buried building with 10000 CFM exhaust air at 22°C to an ambient at -20°C.

Keywords: Thermal Camouflage, Buried Safe Structures, Chevron Type Heat Exchanger
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161 Plates Horizontal
S76 mm Port Centres
Stream 1 a3 900 mm
-18 C —>
[
—
-20 C
Stream 2 vertical
Port
Centres
1937.6 mmr
Stream 1
3474C
E—
— [ = g~
28.415C
—r
Stream 2 o] 1100 mm
Plate Flow Width
Plate thickness 0.6 mm
Actual surface area 38467 m2 Compressed plate pitch 3.6 mm
Number of passes Stream1/2 171 Area of each plate 2265 m2
Effective channels Stream 1/2 80 s 80 Chewvron angle (to horizontal) 4s
Number of exchangers 1 Katerial type SS-304
Port diameter 200 mm

G S IS Sl 5 i Gl g5 5 oo SIS S AY S

Rating / Checking Hot Side Cold Side
Total mass flow rate kg/s 56161 B.1778
“Yapor mass flow rate [In/Out) kg/s 56161 56161 B.1778 B.1778
Liquid mass flow rate kg/s o o o o
“Yapor mass quality 1 1 1 1
Temperatures == 34.74 -18 -20 28.42
Dews / Bubble point *E
Heat transfer coeff. [mean) Wi m® K) 415 440.8
Fouling resistance me K o o
Velocity [Port/Plate]) m/s 31.55 7 3.76 283.84 7 33.73
Residence volume m> 0.5311 0.5311
Residence time Seconds 0.58 0.09
Total heat exchanged kKW 300.2 Ex=changers 1 Plates 161
Overall coef. [ditty/clean) w/(m? K) 212 / 212 Passes - hot / cold 1 7 1
Effective surface area mw 360.1 Channels - hot / cold 80 £ 20
Effective MTD 4, B3 3.74 Plate - length / width  2037.6 / 1100 mm
Actual/Reqd. area [dirty/clean) 095 / 0395 Plate - pitch 7 thk 36 /- 0.8 mm
Actual/Reqd. area (incl. fouling margin) Port diameter 200 mm
Risk of maldistribution MNo Chevron angle 45 Degrees
- Heat Transfer Resistance -
Hot side # Fouling # “w all / Fouling # Cold side
Hot side | | | | Cold side
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