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Problem Definition
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COOPT The challenge é
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To dry 6750 double sided
windows, along 27 floors , each
floor can have 250 windows,
with internal void of 3.2m
length x 1.35m width x 0.16m
thick (682.5L/window) from
4.4gr/m3 water content to
0.325 gr/m3 water content, in
less than 12 hours ?

July 4, 2018



OO0oPT Simulation Tools

e ESI’'s Multiphysics CFD-ACE+ for the , CFD &
Mechanics parts:
* CFD part: Finite volume.

* Mechanical (Stress/ Deformation/Thermal Conduction)
part: Finite Element

* ESI’'s Multiphysics SimulationX for the Building’s
Flow Rate and Pressure Loss calculations.

* Scilab code, for large models empirical
calculations.
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https://www.esi-group.com/software-solutions/virtual-environment/cfd-multiphysics/ace-suite/cfd-ace
https://www.simulationx.com/system-simulation.html
https://www.scilab.org/

OO0oPT Simulation Products

* Required Flow.

* Piping diameter .

* Piping pressure drop.

* Recommended piping structure.

» Safety Valve Recommended position.
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The Solution
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OO0oPT From Down to Top Approach

. Conducting Single Window Transient Simulation (Unstructured CFD-ACE+) to

calculate the required flow rate and pressure drop.

. Developing a Lumped Body transient Model, (100% mixing , Scilab),

change the mixing factor to match the previous Single Window CFD results,

3. Compare Alternate Series to Parallel solutions

10

. Finding resistance curves of system elements

Run CFD simulations, ( S.S, unstructured CFD-ACE+) for system elements :
Fasteners, Piping, Junctions, and field testing, building and empirical
flow/pressure model for each component.

. Run Floor level Simulation (S.S, empirical, Scilab).

. Run Building Level Simulation (S.S, SimulationX)
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Single Window Transient Simulation (1)
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60" Window Drying CFD simulation & |

1.0 min

Water Vapor Mass
Movie
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RH Movie
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Initial condition is air
with 4.4 gr/m3 water
@ 4 °C (68.2% RH)

Dry air is injected at
the top left entrance.

The time step is 20
minutes

It takes 12.2 hours to
dry the system to
0.325 gr/m3 water @
4°C (5% RH)



RH Calculator

Aluminum Construction

Aluminum C Group

mw 0.00315kg Dry air mass Humid Ai_r mass
fraction fraction
\% 1|m3 02 0.2321  0.231531119
M_w 0.018]kg/mol N2 0.7551  0.753249236
R 8.134 kg m2 s—2 K-1 mol-1 Ar 0.0128  0.012768627
T [ 4lec H20 0 0.0024510
277 oK " 1.00000000 0.99754898
Pw 394.29565 Pa
P_tot Pa RH 41%
P a 99605.70435 Pa
M_a [ 0.029]kg/mol P_sat Pa ToK [P_satPa
m a 1.282030247 kg 140000 273 610.5
: 278 872.2
m_tot 1.285180247 kg 120000 283 1228
: 10265120466 04-6.51100y = 100000 293 2338
X w 0.00245102 kg/kg 01E-0.90985= 2R 303 4243
X a 0.99754898 kg/kg 80000 313 7376
60000 323 12330
P_sat 961.9867767 Pa 333 19920
40000 343 31160
M_tot 44.38293955 mol 20000 353 47340
XM_w 0.00394296 mol/mol 363 70100
XM_a 0.99605704 mol/mol 0 373 101300
400 200 150 100 50 0
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Lumped Body Transient Modeling (2)
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©orr Drying Response - hour
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w1072 1 Windows , Drying Response
* ‘ 1 Windows , Drying R I | | |
Wi, Oyisg Respones
X I | ] . = No Humedity In
= \ IS ety ek g et —&— 0.43[gr/day] Humedity is entering while in the drying process
x el | ¢ Initial conditions, 25%RH @ 20°C
*  The window will reach 5% RH @ ml
" 4°C after 12.2 hours
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{72}
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Comparing Alternate Series to Parallel
solutions (3)
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e Series of windows.

e Lumped body Transient Calculation.
e Water to Air mass ration in (%)

e Atasingle flow rate

125 Windows , Drying Response [fi 85%<>w0.425%,
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Aluminum Construction

Finding resistance curves of system
elements using CFD Simulations (4)
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2 Windows CFD simulation

Aluminum Construction
Aluminum C: fioh Group

July 4, 2018



e

@HoPT Single Window entry pipe é
o resistance curve
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Window resistance curve
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Floor Level Simulation (6)
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©ort Original Solution (A

Aluminum Construction

e 250 windows. Valve & Main Line Data
; Main Pipe: I 300m,Max/Min Win flow iy, 126Windows [
. 107 T 1 E
* 300m pipe. é T b
3 Main Line Pstaticp[pa] g
. —+— PValv [pal
« One can see that the pipe w‘*% " anreroigny |3
. . F Main Line Velocity [mis] | -
diameter is two small, and : e ]
cause a suck force at pipe
entrance.

Pipe Length [m]
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Pressure in main line & Flow rate in each

o

window

* Lineis 150m long (equivalent to
300m circular)

¢ Minimum Flow Rate is 64%
from the maximum.
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Window & Main Line Data
Main Pipe: IR 300m, Max/Min Win flow: EET, 252 Windows [y
I I

L | —#— Main Line Pabs [pa]
©  Main Line Pstatic [pa]

DP across Orfice [pa]
Single Wnfdow flow [Ipm]
Main Line Velocity [m/s]

Pipe Length [m]
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Building level Simulation (6)
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QoPT Main Building Transmission Line.
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From the main transportation line , 2” line with
27 floors and less than 150m length , we
found that the absolute pressure would range
about 4Bar.
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