

CFD Simulation of Lodha Anjur Internal Chowk With 40 ODU



Prepared for
[image: cid:image001.jpg@01D3D17C.88A68280]
Lodha Group, Mumbai



Prepared by
	

	[image: ]







	Date
	Description/File Name
	Prepared
	Checked
	Approved

	08th September 2018
	CFD Simulation of Lodha Anjur Internal Chowk With 40 ODU
	MJ
	AG
	DM



Index
1.	Introduction	4
2.	CFD Data and Assumptions for Analysis	4
2.1 Geometry	4
2.2 Mesh	12
2.3 Case Studied	13
2.4 Fluid Material Properties - Air (Typical):	14
2.5 Heat Load & Temperature Rise Across ODU (Typical):	14
2.6 Assumptions for Simulation	15
3.0	Simulation Results	15
4.0    Observation and Conclusion	15
4.1    Case-1	15
4.2    Case-2	16
5. Recommendations	16
Appendix A - Lodha Anjur Internal Chowk layout	17
Appendix B – Case-1 Results	18
Appendix C - Case-2 Results	24
Appendix D - Executive Summary	30
D.1 Temperature Details on ODU Inlet & ODU Outlet of West Side	30
D.2 Temperature Details on ODU Inlet & Outlet of East Side	31
Annexure A - Resistance Cure for Aluminum louver (70% Open and 30% Blocked)	32
A.1 Flow Rate Vs Total Pressure Drop Resistance Curve Data:	33
A.2 Inputs Extracted from Aluminum Louver Resistance Curve for Porous Jump Setup Parameters:	33




ABBREVIATIONS

ASHRAE	American Society of Heating, Refrigeration and Air-Conditioning Engineers

CFD	Computational Fluid Dynamics

ODU	Out Door Unit

BTU	British Thermal Unit



[image: cid:image001.jpg@01D3D17C.88A68280]
[image: cid:image001.jpg@01D3D17C.88A68280]                                                                [image: ]

2

26
Prepared by Analyzer CAE Solutions Pvt. Ltd. 
[bookmark: page4][bookmark: _Toc524107327]1.	Introduction
[bookmark: _Hlk524172700]The Upper Thane Anjur project of Lodha has two Clusters i.e. Casa Greenville & Casa Treetop. Casa Greenville Cluster contains Tower-A-B-C-D-E-E1-F-G-H-I & Casa Treetop Cluster contains Tower-A-B-C-C1-C2-D-E-F. Both Clusters have typical Internal Chowk / Ventilation Duct design. Internal Chowk or Ventilation Duct has total 20 floors including the ground floor. Internal Chowk is open at terrace level. Internal Chowk has ODU’s at each floor level & there are 2 ODU’s at each floor on East & West side of Chowk.
Following are the objectives identified for the CFD simulation:
1. Flow field visualization to determine flow short circuiting from ODU Outlet to ODU Inlet.
2. Flow field visualization to determine the stack effect of ODU (Placed one above the other), i.e. hot air from one ODU Outlet enter into other ODU Inlet. 
3. Temperature data extraction at all ODU Inlets and Outlets.
4. Flow profile observation inside the Internal Chowk.
The geometry and mesh were created in Hypermesh & T-grid. The analysis was conducted using advanced CFD software tool, Fluent. Fluent has been applied extensively worldwide for different engineering applications. Fluent solves numerically the Navier-Stokes equations (the fundamental fluid dynamics governing equations) for convective, thermally-driven flow. Realizable K-Epsilon turbulence model is implemented in Fluent to capture the temporal and spatial fidelity of the ambient air and ODU hot air. The Fluent version 14.5 was used in the CFD analysis.

[bookmark: _Toc524107328]2.	CFD Data and Assumptions for Analysis

[bookmark: _Toc524107329]2.1 Geometry
[bookmark: _Hlk524172858]CFD domain of Internal Chowk consist of all RCC covered slabs, B32A walls, ODU units, Aluminum louvers, grilles & baffled louvers as they will be providing blockage to the air flow path inside Internal Chowk of building. The layout of the CFD domain is as shown in below images.
[image: ]
Figure 1: Isometric View Showing Anjur Internal Chowk

[image: ]
Figure 2: Isometric View Showing Inlet and Outlet of ODU
[image: ]
Figure 3: ODU Naming Conventions
[image: ]
Figure 4: ODU Inlet and Outlet Dimensions
[image: ]
Figure 5: Side View Showing Dimensions of Ambient Air Inlet Natural Draft Opening at Ground Floor
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Figure 6: Top View Showing Duct Outlet Dimensions 
[image: ]
Figure 7: Isometric View Showing Location of Grill
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Figure 8: Isometric View Showing Location of Aluminum Louvers
[image: ]
Figure 9: Isometric View Showing Additional Two Outlets
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Figure 10: Isometric View Showing Location of Terrace, R.C.C Covered Slab & Parapet Wall
[image: ]
Figure 11: Isometric View Showing Location of B32A Wall
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Figure 12: Modification-1 Shifting All ODU Upward by 200 mm

[image: ]
Figure 13: Modification-2 Additional Ambient Air Inlet Natural Draft Opening at 8th and 13th Floor









[bookmark: _Toc524107330]2.2 Mesh
	The CFD domain is meshed with tetrahedral elements. The total cell count is around 4.7 million.
[image: ]
Figure 14: Surface Mesh 

[image: ]
Figure 15: Volume Mesh Details - Mesh Cut Section 

[bookmark: _Toc524107331]2.3 Case Studied
· Case-1 (Without Modifications): For 67% occupancy in tower and out of that 75% ODU’s are in operation inside chowk. 
[image: ]
Figure 16: Case-1 ODU Working
· Case-2 (with Modifications): For 67% occupancy in tower and out of that 75% ODU’s are in operation inside chowk. All ODU’s are shifted upward by 200 mm & an additional ambient air inlet opening are provided at 8th and 13th floors along with the existing Ground floor opening.
[image: ]
Figure 17: Case-2 ODU Working
[bookmark: _Toc524107332]2.4 Fluid Material Properties - Air (Typical):
1. Properties of air at ambient conditions (101325 Pa & 36°C)
	Density = 1.1422 kg/m3
	Specific Heat (CP) = 1006.7 J/kg-K

2. Temperature dependent properties of air at 101325 Pa for CFD Simulation:

	Temperature
(°C)
	Density
(kg/m3)
	Dynamic Viscosity
(kg/m-s)
	Thermal Conductivity
(W/m-K)
	Specific Heat
(J/kg-K)

	30
	Incompressible ideal gas
	Sutherland Law
	0.026341
	1006.7

	40
	
	
	0.027076
	

	50
	
	
	0.027801
	

	60
	
	
	0.028571
	

	70
	
	
	0.029223
	

	80
	
	
	0.029921
	

	90
	
	
	0.030609
	

	100
	
	
	0.031289
	

	120
	
	
	0.032625
	



[bookmark: _Toc524107333]2.5 Heat Load & Temperature Rise Across ODU (Typical):
1. Specification Provided for 1.5Tr ODU:
Air Flow Rate of 1.5Tr ODU: 3600 m3/hr
Heat Load of 1.5Tr ODU: 18000 btu/hr
2. Sensible Heat Load on ODU is as follows,
	-Sensible Heat Load on ODU (QODU): 5275.26 Watt = 18000 btu/hr x 0.29307 Watt
3. Mass flow rate through ODU at 36°C ambient temperature is as follows, 
	-Mass Flow rate through ODU: 1.1105 kg/s =3500 (m3/hr) / 3600 (m3/s) x 1.1422 (kg/m3)

4. Temperature rise across ODU with 36°C ambient temperature is as follows, 
	-Temperature raise (ΔT) across ODU = QODU/ (m*CP)
				             	 = (5275.26 W) / (1.1105 kg/s*1006.7 J/kg-K)
				                 ΔT 	= 4.7188 ⁰C
[bookmark: _Toc524107334]2.6 Assumptions for Simulation
1. [bookmark: _Hlk524174001]Flow is assumed as steady state flow.
2. Flow is assumed as uniform at all ODU Outlets.
3. Small geometric features which do affect the flow physics are neglected.
[bookmark: _Toc524107335]3.0	Simulation Results
1. [bookmark: _Hlk524174022]The flow short circuiting of the hot air from ODU Outlet to ODU Inlet is observed using pathlines.
2. Flow field is visualized for the flow from one ODU Outlet to another ODU Inlet placed close to each other
3. Temperature data is reported on ODU Inlets and ODU Outlets for all ODU’s. 
4. The detailed results are shown in the corresponding Appendices below.

[bookmark: _Toc524107336]4.0    Observation and Conclusion 
[bookmark: _Toc524107337]4.1    Case-1 	
1. Maximum ODU Inlet temperature is observed for the ODU’s placed at top floor i.e. 19th floor.
2. Maximum observed temperature at ODU Inlet is 48.70 °C for “ODU-West-FL19”.
3. Flow short circuiting is observed from ODU Outlet to same ODU Inlet as some portion of the hot air from ODU Outlet is hitting the beam present in front of it & returning back to the same ODU Inlet.


[bookmark: _Toc524107338]4.2    Case-2 	
1. Maximum ODU Inlet temperature is observed for the ODU’s placed at top floor i.e.  19th floor.
2. Maximum observed temperature at ODU Inlet is 42.63 °C for “ODU-West-FL19”.
3. Temperature at all ODU Inlets is below 42.63 °C.
4. No flow short circuiting is observed from ODU Outlet to same ODU Inlet.
5. Modification-1 & 2 inside Internal Chowk are able to reduce the temperature at all ODU Inlet below 42.63 0C.

[bookmark: page12][bookmark: _Toc522269504][bookmark: _Toc524107339]5. Recommendations 
Based on the CFD simulation carried out, following modifications are recommended:
Modification-1: Shifting all ODU upward by 200 mm to reduce flow blockage & flow reversal caused by the beam present in front of ODU Outlet. The dimensional details of Modification-1 are shown in Figure 12.
Modification-2: Providing an additional ambient air opening (natural openings) at each 8th and 13th floor along with the current ambient air opening at ground floor, as these has helped in reducing temperature at all ODU Inlets & inside Internal Chowk. The dimensional details of Modification-2 are shown in Figure 13.











[bookmark: _Toc524107340]Appendix A - Lodha Anjur Internal Chowk layout
[image: ]
Figure 18: Locations of ODU
[image: ]
Figure 19: Location of Post-Process Planes

[bookmark: _Toc524107341]Appendix B – Case-1 Results
Boundary Conditions for Case-1 (Without Modifications)

	Location
	Condition
	Value

	Inlet 
	Pressure-Inlet
	0 Pa & 36°C

	Outlet
	Pressure-Outlet
	0 Pa

	ODU Inlet (Typical)
	Velocity Inlet
	4.9616 m/s (=1.1105 kg/s / 1.1422 kg/m3 * 0.1959 m2)

	ODU Outlet (Typical)
	Velocity Outlet
	3.8889 m/s (=1.1105 kg/s / 1.1422 kg/m3 * 0.25 m2)

	
	Temperature
	Temperature at ODU Inlet + 4.7188⁰C 

	ODU Wall
	Wall
	No Slip Wall

	Wall 
	Wall
	No slip
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	[image: ]Velocity Contours on Plane-1 (West Side)
 (Clipped Between 0 to 5 m/s)



(Clipped Between 0 m/s- 5 m/s)

(Clipped Between 0 m/s- 5 m/s)
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Velocity Vectors on Plane-1 (West Side) (Clipped Between 0 to 5 m/s)



(Clipped Between 0 m/s- 5 m/s)

(Clipped Between 0 m/s- 5 m/s)
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Velocity Contours on Plane-2 (East Side)
(Clipped Between 0 to 5 m/s)

	[image: ]
m/s
	[image: ]
Velocity Vectors on Plane-2 (East Side)                              (Clipped Between 0 to 5 m/s)
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ºC
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Temperature Contours on Plane-1 (West Side) 
(Clipped Between 360C to 500C)
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ºC
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Temperature Contours on Plane-2 (East Side) 
(Clipped Between 360C to 500C)
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	[image: ]Pathlines Colored by Temperature on West Side (Forward) (Clipped Between 360C to 500C)
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Pathlines Colored by Temperature on West Side (Reversed) (Clipped Between 360C to 500C)
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Pathlines Colored by Temperature on East Side (Forward) (Clipped Between 360C to 500C)
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ºC
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Pathlines Colored by Temperature on East Side (Reversed) (Clipped Between 360C to 500C)


[bookmark: _Toc524107342]Appendix C - Case-2 Results
Boundary Conditions for Case-2 (With Modifications)
	Location 
	Condition
	Value

	Inlet 
	Pressure-Inlet
	0 Pa & 36°C

	Inlet on 8th & 13th Floor
	Pressure-Inlet
	0 Pa & 36°C

	Outlet
	Pressure-Outlet
	0 Pa

	ODU Inlet (Typical)
	Velocity Inlet
	4.9616 m/s (=1.1105 kg/s / 1.1422 kg/m3 / 0.1959 m2)

	ODU Outlet (Typical)
	Velocity Outlet
	3.8889 m/s (=1.1105 kg/s / 1.1422 kg/m3 / 0.25 m2)

	
	Temperature
	Temperature at ODU Inlet + 4.7188 ⁰C 

	ODU Wall
	Wall
	No Slip Wall

	Wall 
	Wall
	No slip
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	[image: ]Velocity Contours on Plane-1 (West Side) (Clipped Between 0 to 5 m/s)



(Clipped Between 0 m/s- 5 m/s)

(Clipped Between 0 m/s- 5 m/s)
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Velocity Vectors on Plane-1 (West Side) (Clipped Between 0 to 5 m/s)



(Clipped Between 0 m/s- 5 m/s)

(Clipped Between 0 m/s- 5 m/s)




	[image: ]
m/s
	[image: ]

Velocity Contours on Plane-2 (East Side)
(Clipped Between 0 to 5 m/s)
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Velocity Vectors on Plane-2 (East Side)                                 (Clipped Between 0 to 5 m/s)
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ºC
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Temperature Contours on Plane-1 (West Side) 
(Clipped Between 360C to 500C)


	[image: ]
ºC
	[image: ]
Temperature Contours on Plane-2 (East Side) 
(Clipped Between 360C to 500C)
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Pathlines Colored by Temperature on West Side (Forward) (Clipped Between 360C to 500C)
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Pathlines Colored by Temperature on West Side (Reversed) (Clipped Between 360C to 500C)
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Pathlines Colored by Temperature on East Side (Forward) (Clipped Between 360C to 500C)
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ºC
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Pathlines Colored by Temperature on East Side (Reversed) (Clipped Between 360C to 500C)


[bookmark: _Toc524107343]Appendix D - Executive Summary
[bookmark: _Toc524107344]D.1 Temperature Details on ODU Inlet & ODU Outlet of West Side
	

	Case-1 (Without modifications)
	Case-2 (With modifications)

	Floor No.
	ODU Inlet Temp (Tin) (°C)
	ODU Outlet Temp (Tout) (°C)
	ODU Inlet Temp (Tin) (°C)
	ODU Outlet Temp (Tout) (°C)

	ODU-West-G
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL01
	37.10
	41.834
	37.44
	42.14

	ODU-West-FL02
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL03
	39.62
	44.34
	39.66
	44.37

	ODU-West-FL04
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL05
	39.89
	44.60
	40.51
	45.22

	ODU-West-FL06
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL07
	41.22
	45.93
	42.26
	46.98

	ODU-West-FL08
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL09
	42.26
	46.98
	39.88
	44.59

	ODU-West-FL10
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL11
	43.87
	48.59
	40.73
	45.45

	ODU-West-FL12
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL13
	45.16
	49.88
	42.17
	46.89

	ODU-West-FL14
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL15
	46.51
	51.22
	40.92
	45.64

	ODU-West-FL16
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL17
	47.62
	52.34
	42.44
	47.16

	ODU-West-FL18
	OFF
	OFF
	OFF
	OFF

	ODU-West-FL19
	48.70
	53.42
	42.63
	47.35




[bookmark: _Toc524107345]D.2 Temperature Details on ODU Inlet & Outlet of East Side
	
	Case-1 (Without modifications)
	Case-2 (With modifications)

	Floor No.
	ODU Inlet Temp (Tin) (°C)
	ODU Outlet Temp (Tout) (°C)
	ODU Inlet Temp (Tin) (°C)
	ODU Outlet Temp (Tout) (°C)

	ODU-East-G
	40.99
	45.70
	41.12
	45.84

	ODU-East-FL01
	OFF
	OFF
	OFF
	OFF

	ODU-East-FL02
	38.01
	42.73
	38.25
	42.97

	ODU-East-FL03
	OFF
	OFF
	OFF
	OFF

	ODU-East-FL04
	39.17
	43.89
	38.66
	43.37

	ODU-East-FL05
	OFF
	OFF
	OFF
	OFF

	ODU-East-FL06
	41.57
	46.29
	41.63
	46.35

	ODU-East-FL07
	OFF
	OFF
	OFF
	OFF

	ODU-East-FL08
	41.96
	46.68
	42.09
	46.80

	ODU-East-FL09
	OFF
	OFF
	OFF
	OFF

	ODU-East-FL10
	43.11
	47.82
	41.56
	46.28

	ODU-East-FL11
	OFF
	OFF
	OFF
	OFF

	ODU-East-FL12
	44.50
	49.22
	41.90
	46.63

	ODU-East-FL13
	OFF
	OFF
	OFF
	OFF

	ODU-East-FL14
	45.90
	50.63
	42.46
	47.18

	ODU-East-FL15
	OFF
	OFF
	OFF
	OFF

	ODU-East-FL16
	47.12
	51.85
	42.19
	46.91

	ODU-East-FL17
	OFF
	OFF
	OFF
	OFF

	ODU-East-FL18
	48.38
	53.10
	41.97
	46.68

	ODU-East-FL19
	OFF
	OFF
	OFF
	OFF












[bookmark: _Toc524107346]Annexure A - Resistance Cure for Aluminum louver (70% Open and 30% Blocked)
Resistance Cure for Aluminum louver (70% Open and 30% Blocked):

While performing the CFD simulation of the Lodh Anjur internal Chowk, aluminum louvers are modelled by a Porous Jump approach in the fluent. Inputs needed for this approach are extracted for 70% opening & 30% blocking condition of grilles. Then pressure drop across the grille\louver was measured for various flow rates. After plotting the Total Pressure Drop (Pa) vs. Velocity (m/s) curve, Inputs needed for Porous Jump are extracted from this curve.
*Note: pressure drop for various flow rate with current grille specifications are calculated by referring “/http://www.pressure-drop.com/online-calculator/”


[bookmark: _Hlk524175157]Figure 19: Resistance Curve of Aluminum Louver Which is 70% Open

[bookmark: _Toc524107347][bookmark: _Hlk524175172]
A.1 Flow Rate Vs Total Pressure Drop Resistance Curve Data:
	Resistance Curve for Aluminum Louver (70% Open & 30% Blocked)

	[bookmark: _GoBack]Volume Flow Rate (m3/h)
	Velocity (m/s)
	Pressure Drop (Pa)

	10000
	1.54
	0.78

	20000
	3.08
	3.10

	26000
	4.00
	5.25

	27000
	4.16
	5.66

	28000
	4.31
	6.08

	29000
	4.46
	6.53

	30000
	4.62
	6.98

	40000
	6.16
	12.41

	50000
	7.69
	19.40

	60000
	9.23
	27.94

	70000
	10.77
	38.03

	80000
	12.31
	49.67

	90000
	13.85
	62.87

	100000
	15.39
	77.62

	110000
	16.93
	93.93

	120000
	18.47
	111.79

	130000
	20.01
	131.21

	140000
	21.54
	152.19



[bookmark: _Toc524107348]A.2 Inputs Extracted from Aluminum Louver Resistance Curve for Porous Jump Setup Parameters:
	Density (kg/m3)
	1.1422

	Dynamic Viscosity (Pa-s)
	1.8962 E-05

	Thickness of wire (m)
	0.035

	A
	0.328

	B
	0.0029

	Inertial Loss (1/m)
	16.4094

	Permeability (m2)
	0.0002


	
Pressure drop (Pa) Vs Velocity (m/s)
1.5388907232466309	3.0777814464932618	4.0011158804412403	4.1550049527659034	4.3088940250905665	4.4627830974152296	4.6166721697398927	6.1555628929865236	7.6944536162331545	9.2333443394797854	10.772235062726416	12.311125785973047	13.850016509219678	15.388907232466309	16.92779795571294	18.466688678959571	20.005579402206202	21.544470125452833	0.77587931523058395	3.1035533813660594	5.2450613770845509	5.6562982340909915	6.0830552512562388	6.5253326272933787	6.9831305681458993	12.414791519834834	19.398789197287275	27.935448936869488	38.025168526271571	49.668418297250469	62.86574123535452	77.617753106689335	93.925142601794079	111.78867149670684	131.20917483130711	152.18756110503273	Velocity (m/s)
Air; Density: 1.142 kg/m3; Dyn.Viscos. 18.962E-6 Pa-s
Pressure Drop (Pa)
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Temperature within Chowk is increasing from Ground to 19th
floor, as heat is getting added to air at each level & heated air
is moving upward due to buoyancy effect.
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