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WrRODUCTION

o existing mechanical system
. MECHANICAL

e

air side:
REDESIGN co,\;(;ERNS » AAON RL-075 Variable Volume air handling unit

@ » 100% outdoor air to the building’s fan-coils
REDESIGN PROPOSAL
“ » Controlled by direct digital controller & CO2

DOAS/HARIANT PANEL Sensors.
DEPTH =

» AAON (size 18), constant volume air handling unit

~ . " . . .
| JCU d LC 9 C COUILU U = dll(l VC dllU]1l U

U
~ the lobby/atrium air.
ACOUSTICAL BREADTH

SOLARBREADTH » Horizontal Blower Coil Air Handler’s (BCHC)
i

TERMINAL BOXES: B Regulates amount of outdoor air based on

BN, | E

- == occupancy sensors.
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existing mechanical system

water side:

Chilled Water: » 75-ton, LL-075 air-cooled chiller with

evaporative condenser and scroll
compressor

» Driven by (2) VFD pumps, (180 & 165 gpm)
» EWT: 52 F LWT: 42 F, Delta T= 10F

» (2) high-efficiency
WS

: - signed for n
| ﬁ[ﬁ)—éﬁim’ﬂﬁ =5 WT: 100F. LWT: 1
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SY§TEM
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REDESlGN
CONCERNS

REDESIGN PROPOSAL

DOAS/RARIANT PANEL
'DEPTH :

COST ANALYSIS

ACOUSTICAL BREADTH

SOLAR BREADTH

QUESTIONS

redesign concerns

» Implement a system with better acoustics .
(reduce noise level from current terminal equipment)

» Reduce the gperating costs of the facility.

» Increase energy eﬁficiencz

» Enhance thermal comfort and IAQ in office and classroom
spaces.




Standard Ventilation Maksup
Suspended Cailing Chilled C giling Panels Air Supply Duct

REDESIGN
PROPOSAL

&‘\\\k _.-". I E'!_|'I+ |-_!‘ . j iﬁ .
! Jahurmimcaton
DOAS/ %ANT I{fAN EL . ' Vertilation

MalesLp Air

Radistion Heat Tran sfar Fror Surfacss

and Qbjects inthe Space (Typ.)

ACOUSTICAL BREADTH

SOLAR BREADTH » Replace fan-coil units with Radiant Ceiling Panels and high
& induction diffusers

» Redesign the DOAS for a supply air temperature of 45 F vs. 55F

QUESTIONS




redesign proposal

» BENEFITS OF RADIANT CEILING PANELS

1. Ability to alter acoustical performance
2. Enhanced comfort levels due to radiant loads




doas/radiant panel depth

» Step 1: Determine outdoor air conditions (WB/MCDB:74.9/85.0 F)

P Step 2: Determine target space conditions

Radiant Panel Surface
Room Set Thermostat

Corresponding Room Dew
Point 58.6 F
Humidity Ratio 73.8 gr/1b=10.54 g/kg

Room Relative Humidity 50%

P Step 3: Determine: a.) required ventilation rates (20,221 CFM of OA)
b.) design cooling loads (TRACE)

e

QUESTIONS




REDESIGN PROPOSAL

DOAS/RADIANT

ACOUSTICAL BREADTH

SOLAR| gkﬁf\DTH
2 ‘E
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QUESTIONS

doas/radiant panel depth

P Step 4: Determine supply air conditions (4.5F)
EQN 1: Wsa=Wsp-Q,/(0.68 Vsa)

Wsa- SA humidity ratio (gr/lb)
Wsp=target space humidity ratio (gr/Ib)
QL =space latent load (Btu/hr)

Vsa= space SA flow rate (cfm)

P Step 5. Determine sensible cooling loads required by the panels
EQN 2: Qsa=1.08 Vsa (Tsp-Tsa)

Qsa= SA cooling capacity (Btu/h)

Vsa= SA flow rate in each space ( OA cfm)
Tsp= Space dry-bulb temperature (79 F)
Tsa= SA dry-bulb temperature (45 F)
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REDESIGN PROPOSAL

DORS ADIANT
PA L D%TH

ACOUSTICAL BREADTH

SOLAR|RREADTH

QUESTIONS

doas/radiant panel depth

P Step 6: Determine design panel cooling capacity (30-52 Btuh/sf)

P Step 7: Determine required panel area

EQN 3: Ap=Qsp/Qp

Ap= Radiant panel area required (ft2)

Qsp=Space sensible cooling load required
from panel (Btu/h)

Qp= Cooling capacity of panel (Btu/hft2)

P Step 8. Determine heating (4-pipe) adjustments




doas/radiant panel depth

» RESULTS:

Total Panel Area 7436 sf (30%)

Average Area of Ceiling (per room)
Dedicated to Radiant Panels (%) 38%
Number of Rooms Not Requiring
Panels 13
Number of RoomsNot Able To Meet
Area Requirements
ACOUSTchL BREADTH Number of Interior Rooms
(theoretically) Not Needing Heating

SOLAR| ERE?DTH
i

» Rooms not requiring panels were typically large
discussion/lecture classrooms or conference space

st

QUESTIONS




doas/ radiant panel depth

Typical Tenant Office:

» 178 square feet

» 64 SF of radiant paneling
required (16, 2x2 tiles)

» 36% Radiant Panels
» 27% Lighting Fixtures

REDESIGN PROPOSAL

RADIANT
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REDESIGN PROPOSAL

DOAS/RADIANT
~PANELDE

QUESTIONS
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Typical Lecture Classroom:

» 707 square feet

» 88 SF of radiant paneling
required (22, 2x2 tiles)

» 159% Radiant Panels
» 7% Lighting Fixtures
» 78% ACT




ACOUSTICAL BREADTH

SOLAR)| EREADTH

Fr—

QUESTIONS

CRCP

Sensible Wheel Enthalpy Whed

High-Induction 7 , | Srate 3 State ?
Driffusar

| 1 f J State 6

Cooling Coll Preheat Coll

State 1. Outdoor Air-- 74.9 WB/85.0 DB

State 2: Preconditioned Air-- 79.5F, 31.8 Btu/1b
State 3&4: Supply Air-- 45F DB, 17.5 Btu/Ib

State 5&6: Return Air-- 79F DB, 50% RH




REDESIGN

DUAS

EQN 4: Qcc=0.06 p Vsatot (h2-h3)

Qcc= cooling coil load (kBtu/hr)
p= average supply air density (Ib/ft3)
Vsa,tot= total air supply quantity (cfm)

h2 and h3= SA enthalpy at states 2 and 3 (Btu/Ib)

55

45
DIFFERENCE:

1,146

1,255
109

96

105



energy analysis

REDESIGN PROPOSAL
energy consumption by building component :

DOAS/RADIANT PANEL

O Heating- 39.9%
B Cooling-10.9%
O Fans- 3.8%

0O Pumps- 10.4%
B Lighting- 20.5%

r——

QUESTIONS




energy analysis

L

QUESTIONS

Receptacles

TOTAL ENERGY
CONSUMPTION
(kwH):

TOTAL COST PER
YEAR:

Total Energy
(kwH/yr)

571,237
198,875
211,569

45,840
271,091
114,247

1,410,460

$115,687.00

% of Total Energy

40.5
14.1
15
3.25
19.22
8.1

Total Energy

(kwH/yr)

498,297
136,126
47,457

129,882
256,017
194,823

1,248,864

$102,842.00

% of Total Energy

39.9
10.9
3.8
10.4
20.5
15.6




REDESIGN CONCERNS

REDESIGN PROPOSAL
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Initial cost analysis

existing system initial cost:

MECHANICAL SYSTEM COMPONENT

rane Fan Coil Units
BCHCO01
BCHCO1
BCHCO02
BCHCO03
BCHCO5
BCHCO07
BCHCO09

.H. Price Terminal Box Units
AAON LL-075 Chiller

ochinvar Boiler
AHU-1
AAON Outdoor Air Handler RL-07
AHU-2
AAON M2 18 Indoor Air Handler

) =
=
-
-
=
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(¢
=
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(7]
(¢}
-1
7]
Ul

TOTALS:

COST PER QUANTITY

QUANTITY (S) TOTAL COST ($)

1470
1635
1885
2145
2495
2760
3195

average $500
65000
6250

1470
4905
35815
30030
12475
2760
15975
24500
65000
12500

50000 50000

18000

Varies

18000

28508
301938

w
w

S e L




Initial cost analysis

proposed system initial cost:

COST PER QUANTITY
MECHANICAL SYSTEM COMPONENT QUANTITY ($) TOTAL COST ($)

an Coil Units
BCHC02
BCHC09

1885

3195
$19/sf + heating
7426 sf adjustments 138985
6000
65000
12500

1885
6390

Radiant Panels (4-pipe)

—_
[\

E.H. Price Terminal Box Units average $500

65000

ACOUSTICAL BREADTH  LClbVELg: 2 6250

HU-1
SOLAR;QRFADTH AAON OQOutdoor Air Handler RL-100
‘WL AHU-2
- i J i AAON M2 18 Indoor Air Handler
g LR High Induction Diffusers

67000 67000

\

18000
1

18000

30300

TOTALS: 346060

FanCoilUnits |
AAON LL-075 Chiller
LochinvarBoiler | 2 |
AL 0 0
T I
| AAONM218IndoorAirHandle] 1 |

w
(=]
w
(e
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Initial cost analysis

proposed system initial cost:

» Estimated increase in chiller size: $1,000/ton

» Additional $25,000 increase

QN 5:

» Proposed design initial cost now estimated at $371,060,
which is $69,122 more than the existing system
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REDESIGN PROPOSAL

DOASJRADIANT PANEL
'DEPTH
pele

ENERGY-ANALYSIST |
COST ANALYSIS
ACOUSTICAL BREADTH

SOLAR RREADTH
),

GONELYSION
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estimated payback period

$12,800 sayings per year
$44,122 initial cost increase
$0.58 / square foot increase

[[ potential payback of 4.5 YEARS |]




REDESIGN PROPOSAL

DOAS/RADIANT PANEL

e

B

BREADTH

SOLAR BREADTH
Li

QUESTIONS

acoustical breadth

1. fan coil unit analysis

Determine whether or not the tenants were correct in stating
that the existing fan coil units are acoustically unacceptable.

2. reverberation time analysis

Analyze the impact the radiant ceiling panels have on the
discussion classroom reverberation time.




REDESIGN PROPOSAL

DOAS/ RADIANT PANEL

ENERGY ANALYSI%

BREADTH

SOLAR B&R Ff\DTH

QUESTIONS

acoustical breadth

fan coll unitanalysis

Diffuser Noise

Reciprocating &
Centrifugal Chillers

WAy Unit Moise

Fan & Pump Moise

Fan Instability, Air
Turbulence Rumble, &

Structure-horne Vibration

WHISTLE
p4—— RUMBLE —»4—— ROAR —m4—— & WHIRR——M4—— HISS

63 125 250 500 1,000 2,000 4,000

Octave Band Center Freguenc
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REDESIGN PROPOSAL

DOAS/RADIANT PANEL

NREPTH

ENERGY ANALYSESS

BREADTH

SOLAR AREADTH

QUESTIONS

acoustical breadth

fan coll unitanalysis

» HVAC equipment noise in lecture halls & offices should be
limited to no more than an NC rating of 30-35 ; equivalent

Leq=35-40 dBA

» Fan coil unit in a typical office was examined
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REDESIGN PROPOSAL
DOAS/RADIANT PANEL
NQEPTH

1 | ;ﬁ
ENERGY ANALYS

BREADTH

SOLAR READTH
. )

QUESTIONS

acoustical breadth

fan coil unitanalysis

» Step 1. Calculate the discharge sound power for the fan coil unit

AIRFLOW (m3/s)

FAN TYPE
STATIC STATIC
PRESSURE PRESSURE

___




EITQODUCTION

acoustical breadth

fan coil unit analysis

REDESIGN PROPOSAL

DOAS/RADIANT PANEL » Step 2: Calculate average sound absorption coefficient for the
office

SURFACE
ENTITY AREA (sf) |SOUND ABSORPTION COEFFICIENT

— T T T T T T T
[ esm | 125 | as0 | se0 | foo0 | 2000 | 4000 |

Wl | w0 [ o0z [ 029 | o1 | 005 | 0ot | 007 | 009 ]

G R qons | 397 [ 025 | o018 | 006 | oot | 03 | 00z | o0z |
oor (Carpe | 217|001 | 002 | 006 | ot | 037 | 06 | 065 |

SOLAR READTH Celling (ACT) | 217 |04 | 058 | 059 | 09 | 086 | ot | 075 |
W - T T 1 1 T T T
—s. | | ises0 | sekos | 1evas | os70 | sssz0 | sesoy | 3uamo |

—wg | | o021 | 029 | 021 | 02z | o031 | 038 | 038 |

QUESTIONS




acoustical breadth

fan coil unit analysis

REDESIGN PRdPOSAL

SAs bia e BAREL » Step 3. Calculate incident sound power on the ceiling common to
WQEPTH the office

ENERGY ANALYS S5
H : Frequency Lw, ceiling
Band (Hz) xavg (dB)
0.21 76.9
BREADTH
SOLAR;%RFADTH 500 0.22

J
o

QUESTIONS




acoustical breadth

fan coil unit analysis

REDESIGN PROPOSAL

DOAS/RADIANT PANEL » Step 4. Calculate the transmission loss through the acoustical
*‘%ﬁPTH ceiling tile and the final sound power level in the room

‘%: ‘

t ‘ Q gk
ENERGY ANALYSISES

L= T TLof ACT | Correction Factor Lw, room
L (dB) (T) (dB) (dB)

|8 | 00001 | 7997 | 68903
|9 | 00001 | 899 | 63.294
|8 | 00001 ] 7997 | 57.953
|10 | 00001 | 999 | 5085

SOLAR SRR |10 | 00001 | 999 | 4918
38.86

FONS ity - 30.93

BREADTH

QUESTIONS




acoustical breadth

fan coil unit analysis

(LT —

REDESIGN PROPOSAL

DOAS/RADIANT PANEL » Step 5. Calculate sound pressure level (Lp) and A-Weighted dB
| values to plot to NC and RC curves

Frequency Band A-Weighted
(Hz) A-Weighting dB Level

BREADTH

SOLARj &R FADTH
¢ il |

QUESTIONS




acoustical breadth

fan coil unit analysis

REDESIGN PROPOSAL

DOAS/RADIANT PANEL - _
%‘%{“ - NC Rating ~ 42
3 ’ 1 AQ; ‘ .:'":.i,J

GY ANALYS|

1 » Exceeds suggested NC
ratings of 30-35 by
almost 7 decibels

Sound pressure level (dB)

» RC-40 Rating

» Allegations correct in
that the acoustics of the
FCU’s were unacceptable

300 1000 2000 4000
Frequency (Hz)

QUESTIONS




REDESIGN PROPOSAL
DOAS/RADIANT PANEL

PTH
| \%/,y
| i ‘
% T ) WL

QUESTIONS

acoustical breadth

reverberation time analysis

» The acceptable reverberation time for lecture & conference
space range between 0.7-1.1 seconds ; classrooms 0.6-0.8

seconds

» Calculate current reverberation times and the impact the
radiant ceiling panels will have on this value




acoustical breadth

reverberation time analysis

» Step 1. Calculate the volume of the room
P Step 2. Determine room properties and absorption coefficients
» Step 3. Determine surface areas of all materials in the room

» Step 4. Calculate the total square foot of room absorption in Sabins

P Step 5: Calculate the Sabine reverberation time using the following
equation:

EQN1l. T60 (sec)= 0.05*(Volume/Total Room Absorption)

QUESTIONS




TRODUCTION

BREADTH

SOLAR| %READTH

QUESTIONS

CONSTRUCTION MATERIAL

acoustical breadth

SURFACE
AREA
(sf)

SOUND ABSORPTION COEFFICIENT

| current reverberation time calculations:

125

250

500

Floor
(carpet, heavy on concrete)

0.02

0.06

0.14

Ceiling
(ACT, 3/4" thick in suspension
system)

Lighting Fixtures
(Metal)

Walls
(GWB, 2 layers, 5/8" thick on metal
studs w/ batt. Insulation)

0.09

Windows
(Glass, heavy, large panes)

0.02

Acoustical Wall Panels
(1" thickness)

1.11

1.14

1.14

Door
(solid core wood)

0.06

0.06

0.05

Sa

1168.66

1356.70

1379.29

T reverb = 0.05 (V/Sa)

0.33

0.32

0.30




acoustical breadth

roposed reverberation time calculations :

REDESIGN PROPOSAL SURFACE

DOAS/RADIANT PANEL

TH

QUESTION

CONSTRUCTION MATERIAL

AREA
(sf)

SOUND ABSORPTION COEFFICIENT

125

250

500

Floor
(carpet, heavy on concrete)

0.02

0.06

0.14

Ceiling
(ACT, 3/4" thick in suspension
system)

Ceiling
(Sterling Radiant Ceiling Panels)

Lighting Fixtures
(Metal)

Walls
(GWHB, 2 layers, 5/8" thick on
metal studs w/ batt. Insulation)

0.09

Windows
(Glass, heavy, large panes)

0.02

Acoustical Wall Panels
(1" thickness)

1.11

1.14

1.14

Door
(solid core wood)

0.06

0.06

0.05

Sa

1114.76

1305.55

1326.49

T reverb = 0.05

0.35

0.32

0.30




acoustical breadth

reverberation time comparison

vs[ RADIANT PANELS]

RADIANT PANEL

ACOUSTI
BREADTH

wl
=
|
P
o
|
<
[1'4
Ll
m
[1'4
L
>
Ll
(14

500 1000
FREQUENCIES (Hz)

QUESTIONS
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REDESIGN PROPOSAL

DOAS/RADIANT PANEL
WPTH

s

ACOUSTICAL BREADTH

SOLAR BREADTH

QUESTIONS

.

solar breadth

Implementation of pfjptovoltaic panels

» Per owner request

» Designed to power 3.132 kW of office lighting
» (24) panels + (1) inverter for an initial cost of
$31,733

» Payback period of 60 years

» Not including financial incentives




REDESIGN PROPOSAL

AS/RADIANT PANEL
T

ACOUSTICAL BREADTH

SOLAR BREADTH

QUESTIONS™

conclusions
» Mechanical Redesign

-Reduced annual operating costs by $12,800 .

-The $44,122 increase in initial cost has a potential payback of only
4 years

-Enhanced thermal comfort in office & classroom space

» Acoustical Analysis
- Reverberation times slightly increased by installation of radiant
ceiling panels
- Will not dramatically alter the existing acoustics of the space

» Solar Analysis

- Extremely long payback period due to the lack of solar radiance
available in Pennsylvania

-Will add to the building’s sustainable design




Joust wanted Te tbny
» Justin Griffith t h a n k S!

Project Sponsor and General Manager of The Regional Learning Alliance

» Jim Kosinski & Thomas Gorski
Principle and Project Managers, Tower Engineering

» Dr. William Bahnfleth
Faculty Advisor

» Dr. Stanley Mumma

P> Christopher Conroy

» Dan DiCriscio
Mechanical Engineer, Mueller Associates

» John O'Brien
Construction Manager, Landau Building Company

» Todd Garing
QUESTIONS™ Mueller Associates

» My family & most importantly, the Wonderful AE Class Of ‘09




REDESIGN PROPOSAL

RADIANT PANEL

ACOUSTICAL BREADTH

SOLAR BREADTH
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