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STEM Center

Delaware County Community College — Media, PA

P-¥. . Building Information:
* Part of new STEM Complex

‘ #« Building Area: 105,000 ft?
* Building Height: 4 stories

* Project Cost: $28.7 Million
* Construction Start: January 2008
e Construction End: December 2009

Nt

* Architects, MEP Engineers: Burt Hill
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STEM Center

Delaware County Community College — Media, PA

Existing Mechanical Design:

e Chiller Plant: (1) 700 ton water-cooled chiller
* Heating Plant: (2) 250 BHP gas-fired boilers
 HVAC: (2) 89,500 CFM custom air handling units

* Heat recovery
e Variable air volume

Exhaust
Glazing Deployment System.

Atrium Light
Green Rool\

(Photo provided by Burt Hill)
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Desigh Goals

* Lower Yearly Utility Costs
* Decrease Energy Consumption
* Greater System Efficiency

 Main Focus on Ground Floor

(Photo provided by Burt Hill)
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Radiant Floor Analysis

Alternate System Objectives
« Ground Floor: High volume spaces
e Condition the occupants, not the space

e Radiant Floor Heating: more common
* Radiant Floor Cooling: more unique
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Radiant Floor Analysis

Floor Design

* Floor Temperature Limits:
* 67°F for Cooling
* 84°F for Heating

* Cross-linked polyethylene
(PEX) piping

*1-1/2” Gypsum Concrete

* Tile flooring required

TABLE 5.2.4.4
Allowable Range of the Floor Temperature

ASHRAE Standard 55 (2004)

(Radiant Panel Association)
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(Dustin Eplee, 2005)
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Radiant Floor Ana IySiS RADIANT FLOOR HEATING SENSIBLE CAPACITY

Presentation Outline —
. . Room Area (SF) [AT (°F) _‘HEE_ti_ng -Sun CAPACITY hLI:aCj
Adjusted Calculations Coefficient| Factor | gryn) | (sTUR)

* Introduction
: : - Radiant floor: approx. 15,000 ft? total C-143 Lobby
* Radiant Floor Analysis ! C-243 Lobby
* Objectives C-343 Lobby

C-443 Lobby 1.00
° Design/Calculations $100C Lower Lounge 1.00 18,481
: : $100D Comp Lounge
* DOAS System > XelEnt Sleol 5100¢ Upper Loungs
. Natural Ventilation Analysis Meets 100% of 121 welcome best
Sensible Load RADIANT FLOOR COOLING SENSIBLE CAPACITY

e Acoustical Breadth

- C-143 Lobby 5,011 1.23
* Construction Management Breadth for both I-_leatmg C-243 Lobby 1.23 13,923.60] 10,924
and Cooling C-343 Lobby . 1.23 14,194.20] 12,496

61,635.20| 57,566

e Conclusion
* Acknowledgements
* Questions

C-443 Lobby 1.23
S100C Lower Lounge 1.23
5100D Comp Lounge 1.23
S100E Upper Lounge 1.23
5121 Welcome Desk 1.23

14,095.80
37,605.20
35,305.92| 34,993
37,674.90| 34,398

. 2,095

13,573
28,139

EIIIIIII
=




Presentation Outline Radiant Floor Ana|y5|5

DOAS System
* Need to meet:
* Latent Load
* Use Heat Exchanger
and Enthalpy Wheel
 Ventilation
* Maintain existing (MSP Technology)
ventilation CFM

* Introduction
* Radiant Floor Analysis
* Objectives
* Design/Calculations
* DOAS System
* Natural Ventilation Analysis
* Acoustical Breadth
e Construction Management Breadth

* Conclusion TOTAL UTILITY SAVINGS:

o 5 .
Ackno.wledgements e Slight decrease in yearly | __
* Questions mechanical operating cost
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* Introduction Goals
* Radiant Floor Analysis e Study potential use of exhaust-driven “natural” ventilation
* Natural Ventilation Analysis
* Objectives * Use Computational Fluid Dynamics (CFD) software
e CFD Model * PHOENICS VR 2009 ;
* CFD Results o]
e Acoustical Breadth * Analyze natural airflow 5

* Velocity

e Construction Management Breadth
* Temperature

* Conclusion
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Questi * Compliance with ASHRAE Standard 55
* Questions




Presentation Outline Natural Ventilation

=
m—_

ﬂﬁ“““““““““-ﬂ* ““; @'ﬁ-ﬁ > Kol
DEINEE © KIKE - KEKE - K| ST = - ==

* Introduction CFD Model §
* Radiant Floor Analysis » Weather Data for Philadelphia, PA
* Natural Ventilation Analysis

* Objectives * Domain Mesh Refinement

* CFD Model

e CED Results * Turbulence Model: k-€

e Acoustical Breadth

e Construction Management Breadth
e Conclusion

* Acknowledgements

* Questions

* Numerical Differencing
Scheme: Hybrid




Percentage Dissatisfied Due to Draft

. . atu ra entl atlon 19.75% 21.24 4:11.2?r ﬂ.lﬂ
Presentation Outline 0.0

.
* Introduction CFD Results

* Radiant Floor Analysis Compliance with ASHRAE Standard 55 ---

Natural. Ver.1t|Iat|on Analysis Section 5.2.4.2 — Draft 18.00%
* Objectives 16.85%

 CFD Model » Section 5.2.4.3 — Vertical AT % | 2145 | 019 | 015

.
Wertical Difference
Probe T ("C) °c)

111

Velocity, m/s
4.005105
.754838
.504570
.254303
.004036
.753769
.503502
.253235
.002968
.752701
.502434
.252167
.001899
.751632
.501365
.251098
.310E-4
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STEM Center

Temperature, oC Probe value
27.15243 0.000000

26.51791 Average value
25.88339 __—120.72662
25.24887 - R R T

TABLE 5.2.4.3
® CFD Resu |tS Allowable Vertical Air Temperature Difference
. Between Head and Ankles
e Acoustical Breadth

e Construction Management Breadth 3 (<54
* Conclusion ASHRAE Standard 55 (2004) Ankles 0.61

. ACkr\O‘W|EdgementS * Natural Ventilation feasible
* Questions to increase energy efficiency

Level

Vertical Air Temperature Difference °C (°F)

- 22.07628 @ S
Ankles 21.44176 J!F,_.:f—""_
"20.80724=—__

20.17272

19.53820

18.90369

18.26917

17.63465

17.00013

1.22

Ankles




ACOUStical Breadth Analysis e Mechanical Noise: Reduction of terminal units

Prese ntation OUtI i ne Room Criterion (RC) Curves (Blazier, 1981)

* Reverberation: Floor finish change in Lounge spaces T[T

* Introduction N 5
0

* Radiant Floor Analysis - Old flooring: Carpet (o = 0.3425)

' Natural. USRI Al * New flooring: Porcelain Tile (o =0.01625)
* Acoustical Breadth

e Construction Management Breadth
e Conclusion

* Acknowledgements
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* Computer Lounge: 3,615.08 SF

AT

D
NV /a

|\ T
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Construction Management Breadth

- Construction Implications of Radiant Floor

* Cost
* Greater upfront cost
 $30,000 capital cost of alternative

* Schedule
* Construction duration
* 1 month increase
 Complex radiant floor installation

Initial Cost
DOAS 5ystem Costs

Radiant Svstem Costs _

Overall Redesign Savlngs
Terminal Units | -527,058.00
Ductwork
$30,871.55

HVAC Pipe Rough-Ins
HVAC Equipment
HVAC Duct Rough-Ins
Porcelain Tile

Carpeting

Task
Days | Days

Rooftop HVAC Equipment “
TOTAL

Old | New [Change




* Life-Cycle Cost for 30 years

* Introduction ¢ $19,073.15
* Radiant Floor Analysis

* Natural Ventilation Analysis
e Acoustical Breadth
e Construction Management Breadth
* Conclusion -$1,000.00

i 17 19 21 23 25 27 29 31
* Acknowledgements W Profit
° Questions -511,000.00

%19,000.00

%9,000.00 I
[ 1 |

-$21,000.00

-$31,000.00

- Simple Payback
* Profit after 18 years

55,000
50
-55,000
-510,000
-515,000
-520,000
525,000
-530,000

-535,000

12 3 456 78 2101112131415161/7 1819

Yearly
B 5ay ngs

Capital

Cost




Conclusion

Presentation Outline

:  Implementation of Radiant Floor and DOAS Systems:
* Introduction

e Radiant Floor Analysis

* Natural Ventilation Analysis * $1,973 Yearly Savings

e Acoustical Breadth e 530,128 Capital Investment ‘
* Construction Management Breadth  18-year Payback Period — ‘ )
* Conclusion —1 L “
* Acknowledgements * Potential improvement through Natural Ventilation T

* Overall Alternative Design T !Jﬁﬂ!ﬂ! 1

* Improves Energy Efficiency | [
* Maintains and Increase Occupant Comfort - [ L] ' ‘
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