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Drivers of Technology

m Increasing government standards

m Changes in standards
0 ASHRAE 90.1
0 ASHRAE 189.1

m Industry drivers
0 LEED
0 CEE rebate levels

m Requirements for better control of temperature and
humidity

m Desire to reduce energy costs
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g
Key Technologies

m Variable Capacity Compressors

= Modulating reheat for humidity control
m Higher efficiency fans

m Direct drive fans

m Construction improvements

m System types: Dual Path vs. Package
Return Air Bypass
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Government Standards

m Department of Energy (DOE) mandated all
states must use ASHRAE 90.1-2004 as
their state energy code, or a code more
stringent.

= ASHRAE 90.1-2004

O EER — Energy efficiency ratio
1Package equipment EER 9.0 — 10.3

'!r S '
- Hitto 2010 o
ﬁt l Septe mb |9pzz| 2&% E + Sd ﬂ["nm!

Energy & Store Development Conference
¥4 0 F B




O
ASHRAE 90.1

m 2004
1Package equipment EER 9.0 — 10.3

m 2010
1Package equipment EER 9.5 - 11.2
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ASHRAE 189.1

m Standard for the Design of High-
Performance, Green Buildings, is the first
code-intended commercial green building
standard in the United States.

O llluminating Engineering Society of North
America (IES)

1U.S. Green Building Council (USGBC)
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LEED

m U.S. Green Building Council (USGBC)

m Leadership in Energy and Environmental
Design

m Holistic approach
m Efficient products contribute to the effort
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Key Technologies - Variable
Capacity Compressors

Scroll Compressor

[1Modulates mass flow of refrigerant from 10%
to 100%

[1Never a problem with oil return
OIncrease part load efficiencies

[1Keeps the coil cold for longer periods of time
Improving humidity control

O Eliminates hot gas bypass
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Variable Capacity Compressors
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Variable “Pumping” Diagram

Ex: 50% Output Ex: 75% Output

Full Capacity Full Capacit

Zero
Capacity

- 4 Sec |'_Sec —| 15 Sec E:'

Pulse-Width Modulation
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Impact on Efficiency

7 Ton Example
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Appropriateness of EER

IV A4d 40 ANNOd ¥3d N18 - AdTVHINT

B & S e ® i
o o ° ° o ° VISd - ww_DDwmmw_n_ KWn_(> - - ° -
i i i 7 i i /ﬂ:;/:o./ i 7 i 7
3 2 3 B 8 8 R R 8 8 8 & 8 10/50=0ILvy Lv3H 319ISNIS o
HIV AYAd 40 ANNOd ¥3d FHNLSION 40 SANNOd - OILVY ALIAINNH N
L e
X R
s
3 Nod &3d 3 o

5 Basaty: .

3 TLE §

W_ 5 Y 2 i S o
8% M , g AR P
= m H = wo WAL=

5 A

I A s

z S : A=

g By 0 TEV
&8 1 HISAH () 0 §

e : BVatpisais i fabibui
ARF ARy AR hmmwx} Pl i p ] buand (A avARs WN&‘“ As
AT RN AN RS CARE AN ST TN VAN AL I wvx =
S R O A AMBVAS . SA P g4 Ry ARNARRTAN aRUAN ERinnsard A XA
~& n=vayAR4NNEEREY; SNEREZe AT 7N A N A D DA P
° wm-\wu-NN%NHmmuws A A T w\w AN ‘MWN\M 7 o W\WM g s
NABRPARED as ARWURNANY /a7 N RSNV AN S/ SRV EE A 0T ST VRN
Bra G AN NEN AR S NNy AR RRYASNARE IV A S T A A e AT ] t "
WNWWWWNMWF-MW VMWWNWmNWM\N‘N-‘\wNWUwWN WMWHMNMwwwm-NWmeW»NwwWTNMNM memwmw Y
AT T A A R A A A AT S (N e A O A AN T A A AT A S 8
# MWUWHNHMWMWNHNHWMN N[WMNMNHMWNWN Mmummmwwmwmwmm%\m N mmvwmmmwmmw WNWNWNNW g
T P AL AR A i < S DR AR Y i e
vvmjv«nwx\xlwwulkl N-\wymlxlN\;wNv 7 U iy A A ANARADAY SV L
ST AV A o inRame E e e A Bisan YYOAKA N &
27 JWLENXN AR AT A e (4R AR w4y RO AN AN QY SO arinvimnivinanay o7 B
e vARNY (RN SUBARREASSUNURRY 2SORld AR iy wamcRrr vy ap an Srmras 7
7754 mwwxwx KTV INA L AT ARP AL isng Y AN V4! URV/ED SE 4NN, iy avara 7e 3
Mdd\l waleA\N.\xx\uu m\m\\N [N 8 mlx mlN\VTMNI*\N\NM| SaAm AR m\ vav mwm ® @
& wmmwmmmmwﬂyu Wuw%mhml \NN\N\ LA NN m NNNN\ {NN 13
7L N\mmm‘\i‘%\\ P RS GRF AWl VAR AT A AR e e drans B
B R L A PN A P A A oA
i imas R S AT R N e N e ) u
figvanrasagy SR AR AN Sz Ty \Nmﬁr Exunavs
4 P P R S A A
¢ 4 N A ana @ iyarisani O
ey S P A A AN A o v 7
R A R S e Ao muaumua e AN Ga
vmwxvmm eSARLNY AAEV AN B inavary crnurs
AN PO RS A
§ % s A D (N GalnriAn g dmapavaraX Nadyariaauvakd
® %, %wwmxw o LA A R e wurs
4, Laioas N\m«w\ Rari T e QNMN\ .
< NN M R AT ©
; SLon
A e avaana n i 8L ESAF
7L DA Ratnaivd cwinnd S
8 m 7 Nx\m\
i LA 1 NN‘NM ]
3 M Y xmv /1 \ §
g A, ¢
& Svinpariyavvial R
3 v wx e dIN.
> ; W WNW g VA /I
e o < ineducd e tiERy
X > g et dnili i
H B g R
s 2 g ¢
o E ¢ $ MN s
x & ¢ s
IT=Z Wws i
O © 2 We m S m H
><L EE L $ H
WL 52 &8 g &
LOZI 0

ARKETING INSTITUTE

1




®
——3-
E X
K =z o
o
E
i
=
=ine =
&
dIV AYA 40 ANNOd ¥3d NL8 - AdTVHINT
® & 8 ¢ ® &
o o o ° N ° VISd - wm_amewmn_ W_mn_<> ° © ° .
i T i 7 7 7 7 i i i i i
s IRAARNRARRARALN
S m m m m m m m m m m m m 10 /50 = OlLVY Lv3H 319ISNIS o
IV AYA 40 ANNOd ¥3d IYNLSIOW 40 SANNO - OILYY ALIQINNH N
YAy bl e X
R AN A mu - ARRLEAN Y TaRECY
%. dNLSIO FO SNJ w«_\mw,‘U;_(x 1QIWAH. 0
s 2] B -
& I
R : ; (o
m‘ —
85 A e 0 o [
83 i 3 4 74 i
5 0 / i 1 7
Iy e
M & ﬂ T A =
g S$h o i E
___ af } o
X |
iR mEpaN Kanan uyal
A T A T mxmmmex} & H ¥4 e S
wwo Ads R B Ny adapgnasierued!za ivcia
S A A e T TR A 4 \A\NAN A
G MNNMMHu‘\my@m}\yf v D e e e
C AR A ARy PN i WWW\NHW‘M\W o m‘wmwﬁmﬁ mm ¢
. m-mmmmuMWH“WMHWMWWNM-Q\mmu\ﬁm\uﬂ A e (S \mwwwmwwm pare Ll
& A ST T S P24npama VLRV AN (8781 RN RARADY
wummwmmMMWN\NN%NPMWHNN <P m‘wmxwmmmmWWWWNMNWNWNWNNN . £
b LA TR A AT = m RO AR 2
S xywﬁwﬁuwwwmwwmw z 7 WNMWNWNMNWNMQMN m
7 AL < avapAvavAvAVNLYAD S
“ 7 dx-mwmu-m () e \N\M\w\mmwm 2
N s " o
AL
2 die ey d
$ : e
v R eauear s
jas=yauna
g e
md A\A_RNN\v
N %, AR 8
¥ %, O S/ 7 s Y
%, i et et
o\«v me 8
“ b o4 71
& s, oy
Yo, xmm 3
t KS wwm al
5 i
a Z ’ “ : e
i K i/ -
m. S mNﬁ m
N — 5 w g
| O o c A s g
@ 3= 8 :
— ..nla. m %, ¥ S 8 M,
L = - < 3 3
S 3 v 2 “ E
O E 2 2 4 ® 2
o () w = ~ 8
= = g2 g
Ik We 85|, 888y g %
OX o Wz Sg| 8252 8e 5. 5 i
EE LLE g5|2£2322880220 2
WM =5 N2 SE|558388%ggex o g
Sz e 25 8
noz% 83 52 imEmT T

Appro




g
Hot Gas Bypass

m Hot gas bypass has been appropriate for cooling
applications that demand tight, continuous,
thermal control—particularly if large amounts of
outdoor air, widely varying loads, or excessive
compressor on/off delays are involved.

0 HGBP prevents excessive compressor cycling
0 HGBP can help match system capacity to load

1 HGBP can allow the system to operate at safe
balance points during low loads
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Energy Penalty

By-Pass Power Usage

90% -
80% -
70% -
60% -
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40% -
30% -
20%
10%

Percentage of Full Power

0% 20% 30% 40% 50% 60% 70% 80% 90%

Percentage of Full Capacity
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Savings Example

Variable Capacity Compressor (VCC) vs On-Off or HGB Controlled Compressor Control

Equivalent Rated ARIEER to Equal VCC Rated EER Based on an Annual Analysis

_ UnitModel$= EvaporatorRows$= Operation$= DaysPerWeek$=

Location MINNEAPOLIS_MN| Nominal Tons = 15 | Supply Fan Control Type=| [cav |

OADB (°*F) 97.0 92.0 87.0 82.0 77.0 72.0 67.0 62.0 57.0 520 |Total

Load Hours (hrs) 0 53 145 222 288 359 273 256 275 197 | 2068 [hrs]

Load (tons) 15.0 135 12.0 105 9.0 7.5 6.0 4.5 3.0 15 113981 [ton-hrs]

Base Unit

Base Unit Compressor Lead Lag

Base Unit Compressor Control Type HGB [ standard | Base Unit Condenser Fan Control Type | [cycling

EER Total Unit Base Unit (BtwW/(W-hr)) | 106 10.4 10.1 9.6 8.8 11.7 10.2 8.4 6.1 33 ARl Unit EER 10.60
Power Base Unit (KW) 17.0 155 14.3 13.2 123 7.7 7.1 6.5 5.9 55

Energy Base Unit (KWh) 0 823 2067 2922 3533 2766 1928 1655 1634 1087 |Annual (KWh) 18414

Variable Capacity Compressor Unit

VCC Unit Compressor Lead Lag
\VOC Unit Compressor Control Type Digital] | Standard | [VCC Unit Condenser Fan Control Type Cyclin

EER Total Unit VCC (Btw/(W-hr)) 104 111 115 117 11.3 11.6 11.6 10.8 8.9 5.4 ARl Unit EER 10.40
Power VCC (KW) 17.3 14.6 125 10.8 9.6 78 6.2 5.0 40 33

Energy VCC (KWh) 0 773 1810 2398 2751 2793 1699 1286 1111 655 Annual (Kwh) 15275

Annual Energy Savings VCCvs Base = 313;[;\;\:2]]

Reqired Base Unit Rated EERtoBqual VOC |
Rated EER For Equal Annual Energy Usage ©

Values shown are estimates, actutal performance may differ due to ambient conditions, load, air flow, and control methods.



" =B
Modulating Hot Gas Reheat

m Using heat of refrigerant for temperature
control

m Hot gas reheat is not new but modulating
reheat is

m Precisely match requirements for temp
and humidity control

m On-off reheat iIs like a broken clock
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DX On-Off Compressor Control

DB Temperature
o 70F +/-3
\

x"* “ 67F — 73F
SN W\ ‘\. L AV . ~ B
7 .Q%gé%ﬂ ? I A Temperature

== Humidity

Relative Humidity
60% +/-14%
46% - 74%
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Variable Compressor
Modulating Reheat

== Temperature
mm Humidity

DB Temperature

| Lt

Relative Humidity
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g
Higher Efficiency Fans

m Forward curve fans
0 Inexpensive
0 Most Common type in packaged equipmei

1 For low static pressure applications that are typical in
comfort HVAC

1 Peak air moving efficiency ranges from 65% to 70%

m Backward incline fans
1 Can produce greater static pressures
1 Peak air moving efficiency ranges from 75% to 80%
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Backward Incline Fans

PERCENT OF NO FLOW STATIC PRESSURE
{In wyg)

Flow {cfm)

Characteristic Performance Curve of a Backward \MW'
Curved Centrifugal Fan Fo0D MARKETMG STITUTE
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O
Direct Drive Fans

m No belt service, reduced maintenance
= No belt vibration and noise

m No belt losses, higher efficiency

m Reduced bearing stress
= No belt dust, residue

- \ ] V.
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Direct Drive Bl Fans

Calculated Application Efficiency

Motor Belt Fan System Total System
Efficiency Efficiency Efficiency Effects Efficiency

Belt-Driven, Housed,
Forward Curved (0.90) . (0.87) . (0.60) . (0.70) = 33%
Total Efficiency =

Belt-Driven, Housed,

Backward Curved (0.90) . (0.87) . (0.75) . (0.80) = 47%
Total Efficiency =

Direct Drive,
Unhoused
Backward Curved,
Total Efficiency =

(0.90) . (1.00) . (0.70) . (1.00) = 63%

¢ Using the same 15hp motor in each example, the direct drive, backward curved fan is 91% more
efficient than the belt driven, housed forward curved fan. It is 34% more efficient than the belt driven,
housed backward curved fan.
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Construction Choices

m Typical in the industry
00 1 inch fiberglass has an R value of 3 typical of industry
00 Upgrade to double wall to protect insulation

m Truly insulated rooftop equipment
0 Two inch foam panel with R value of 13
0 Thermal break, yielding no thermal path through the panel
0 Reduced exterior condensation
0 No air leakage through the panel
O Improved mechanical strength and rigidity
00 Enhanced energy performance and equipment life
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Foam Panel Construction

S Minneapolis
*14000 -
$12000 -
$10000 -
38000' 8142
s6000 -
54000 |
$2000 e 1518
5 10 20 35 75 125 175 210 s g
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System Types

m Dual path system

[1Return air and outdoor air go through
separate cooling and reheat coills.

m Return air bypass reheat system
(1 Part of the return air is mixed with outside air

1 Part of the return air is mixed with air coming
off the cooling and reheat coils
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Construction Choices

m Dual Path Systems

1 Advantages
= Provides direct control of ventilation air quantity

= Provides excellent humidity control at all times, including part
load

= Energy efficient while assuring an acceptable humidity level
at all ventilation air volumes.

= Can use rejected heat from refrigeration sources

1 Disadvantages

= There is a first cost premium since two coils and
compressors are used.
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Construction Choices

m Return Air Bypass Systems

1 Advantages
m Typically lower first cost compared to dual path systems

= Energy efficient when combined with other technologies
(variable scroll, modulating hot gas reheat)

= Can use rejected heat from refrigeration sources

1 Disadvantages
= Limits to the amount of level of bypass/ dehumidification
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Dual Path System Psychrometrics
CCEADB = 93.0 [F] CCLADB = 45.3 [F] CCLAW = 0.006050 [low/lba] CCSH1 =235137
CFMOA = 4500 [cfm]CCEAWB = 75.0 [F] CCLAWB = 44.6 [F] CCLH1 = 184340 [Btu/hr’

OADB =[93.0] [F]

= cfm,. = 4500 [cfm
OAWB =75.0| [F] cc = 4500 [cfm]

rhladbl =67.83[F] Reheatl = 111155 CCTH1 = 419477 [Btu/hr
Condensatem = 171.32 [Ibw/h
DTDUCT 5{0.0{[F] SDHG%=0.0

. WSA = 0.007434 [Ibw/lba
CCEAW2 = 0.008027 [F] Reheat2 = 149393 ’l [ ]
CCEADB2 =68 CFMy,, =/10500| [cfm] CCLAW?2 =0.008027 [Ibw/Iba]
CCEAWBZ 58.1

CCLADB2 =[55.0] [F] rhladb2
I

TRADB = 6 0/|[F] DTRA=-6.0[F] RADB=68.0]F

CCSH2 = 149393 [Btu/hr] CCSH1 = 235137

CCLH2 = 0 [Btu/hr] CCLH1 = 184340 [Btu/t
CCTH2 = 149393 [Btu/hr]

CCTH1 = 419477 [Btu/

TRARH [55.2] [0g RAHG%=-153.7 CrSA (efm] |CCTH =568869.8 [Btu/hr]|
CFMEA = 4500 [cfm] CFMRA = 15000 [cfm] SADB =70.1[A A =@ (cfm] CCSH = 384529.8 [Btu/hr]
RAHG = -98500.6 [Btu/hr] RMDB 5{74.0|[A
CCLH = 184340.0 [Btu/hr]
RMRH : %
CPMi 0] [cfm]
Supply Fan
FANg-=[0.55
MOTEoF: RSHg,, =[64100] [Btu/hr]  RSH, siyation = O [Btu/hr]  RSH=64100.0 [Btu/hr]
EFF _- _ _ _ —
_ RLHg,,,, =|42733| [Btu/hr]  RLHgyation = O [Btu/hr]  RLH=42733 [Btu/hr] RSHR =0.6
FANpp =[|n wg.]
SFHG% = 55 ALTITUDE =[] [ft]
DTFAN = 2.1 [F] VADB = 93.0 [F] PB = 14.696 [psia]
FNPWR = 10.33 [K T
o - 12s7 [h[ ]W] MAWB = 75.0 [F] AltStdDen = 0.075 [ft>/Iba]
=12. p -
fan Ksens =1.09
Kjqt = 4835

Minneapoligi:‘t’lol:] E —I_ Sd 20 I O \.&""." Wr

SEpenber 19220010 Energy & Store Development Conference FOOD MARKETING NSTITATE
¥ 4 1 sl J DG 7 T | ¥



0.050

0.040}
o 0.030}
§ Psychrometric Chart
— Pressure = 14.7 [psia]
= 0.020} Bfitside Ai
&
-]
g Cooled RA \ 50 F /
0.010} Cooled OA :

0.000



Dual Path System Psychrometrics } )
CCEADB = 93.0 [F] CCLADB = 45.3 [F] CCLAW = 0.006059 [lw/lpa] CCSH1 =234940
CFMOA = 4500 [cfm]CCEAWB = 75.0 [F] CCLAWB = 44.6 [F] CCLH1 = 184138 [Btu/hr

OADB =[93.0] [F]

OAWB =[75.0| [F]  ¢fMcc = 4500 [cfm]

rhladbl = 67.83 [ Reheatl = 110958 CCTH1 = 419078 [Btu/hr
Condensate ;g = 171.13 [lbw/h

DTDUCT ={0.0|[f SDHG%=0.0
Reheat? = 149393 1 WSA = 0.007434 [lbw/lba]

CCEAW?2 = 0.008023 [F =
CCEADB2 =74 CFMy, =[10500] [cfm] CCLAW2 =0.008023 [Ibw/Iba] CCSH2 = 218343 [Btu/hr] CCSH1 = 234940
CCEAWBZ 60.3 CCLADB2 =[55.0] [F] rhiadb2 68.0] [F]| CCLH2 =0 [Btu/hr] CCLH1 = 184138 [Btu/h

CCTH2 = 218343 [Btu/hr]

TRADB = 74 [F] DTRA=-0.0[F] RADB=74.0[f CCTH1 = 419078 [Btu/h

TRARH =E [0 RAHG%=0.0

|CCTH = 637421.2 [Btu/hr]|

CPMSA [cfm]

CFMEA = 4500 [cfm] CFMRA = 15000 [cfm] SADB = 70.1 [F] . :@ [cfm] CCSH = 453283.3 [Btu/hr]
RAHG = 0.0 [Btu/hr] RMDB :m I

CCLH = 184137.9 [Btu/hr
RMRH =45.0|[% [ ]

CPMi¢ 0] [efm]

Supply Fan

FANge:=[0.55]
MOTOR - =[0.93]

RSHqp =[64100] [Btu/h]  RSH: faion = O [Btu/hr]  RSH = 64100.0 [Btu/hr]

RLHg, =[42733] [Btu/hr]  RLHpgiyaton = O [Btu/hr]  RLH=42733 [Btuhr] RSHR=0.6
FANpp . in.wg.]
SFHG% = 55 ALTITUDE =[0] [ft]
DTFAN=2.1[F] _ :
FNPWR = 10.33 [KW] MADB = 93.0 [F] PB = 14.696 [psia]
MAWB = 75.0 [F] AltStdDen = 0.075 [ft*/lba]
HPfan =12.87 [hp] Ksens = 1.09
Kjqe = 4835
b 11 S 1 A
i ke + <2010 \ull EA4L
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Humidity Ratio

0.050

0.040¢

0.030¢

0.020}

0.010¢

Psychrometric Chart
Pressure = 14.7 [psia]

0.000
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Dual Path System Psychrometrics I S |
CCEADB =93.0 [F] CCLADB = 45.3 [F] CCLAW = 0.006059 [low/lba] CCSH1 =234940
CFMOA = 4500 [cfm]CCEAWB = 75.0 [F] CCLAWB = 44.6 [F] CCLH1 = 184138 [Btu/h

OADB =93.0| [F] CCTH1 = 419078 [Btu/t
Condensate;z = 171.13 [Ibw

rhladbl =67.83 [F] Reheatl =110958

OAWB - 0| [F] cfm,. = 4500 [Cfm] .DTDUCT :Im[}:] SDHG%= 0.0
WSA = 0.007434 [lbw/Iba
CCEAW2 =0.008023 [F Reheat2 = 34475 [ |
= CCSH2 = 103426 [Btu/h CCSH1 = 234940
CCEADB2 =74 CFMy,, =|10500] [cfm] CCLAW2 =0.008023 [Ibw/Iba] [Btu/hr]
— CCTH2 =103426 [BtU/hl’]

TRADB = 7 0|[F] DTRA=-0.0[F] RADB=740[F] CCTH1 = 419078 [Btu/h

TRARH =[45] [0 ~ RAHG% =00 crmsa J15000] cfm] |CCTH =522503.8 [Btu/hr]]|
CFMEA = 4500 [cfm] CFMRA = 15000 [cfm] SADB = 70.1 [F] CRMzEA :@ [cfm] CCSH = 338366.0 [Btu/hr]
RAHG = 0.0 [Btu/hr] RMDB ﬂ &
CCLH = 184137.9 [Btu/hr]
RMRH ={45.0| [%4]
CRMin =|§| [cfm]
Supply Fan
FAN g =[0.59
EFF — _ —
YoToR -_m RSHgp, =[64100| [Btu/hr]  RSHigiyration = O [Btu/hr]  RSH=64100.0 [Btu/hr]
er =0.93 RLHg, =|42733] [Btu/hr]  RLH,fiyation = O [Btu/hr]  RLH = 42733 [Btu/hr] RSHR =0.6
FANpp =[3.0][in. wg ]
SFHG% = 55 ALTITUDE =|§| [ft]

DTFAN = 2.1 [F]
FNPWR = 10.33 [KW]

MADB = 93.0 [F] PB = 14.696 [psia]

MAWB = 75.0 [F] AltStdDen = 0.075 [ft>/Iba]
Ksens = 1.09
Ko = 4835

HPy,, = 12.87 [hp]
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Dual Path System Psychrometrics
CCEADB = 93.0 [F] CCLADB = 45.3 [F] CCLAW = 0.006059 [Ibw/lba] CCSH1 =234940
CFMOA = 4500 [cfm]CCEAWB 75.0 [F] CCLAWB = 44.6 [F] CCLH1 = 184138 [Btu/hr]

OADB : [F] rhladbl =53.83[F] Reheatl = 42008 CCTH1 =419078 [Btu/hr

Condensate;z = 171.13 [lbw/h
OAWB =[75.0| [F]  cfm¢c = 4500 [cfm] DTDUCT 50.0|[f SDHG%=0.0

. WSA = 0.007434 [Ibw/lba
CCEAW2 = 0.008023 [F Reheat2 = 68950 ’I [ |

CCEADB2 =74 I CFMy,, =/10500| [cfm] CCLAW2 =0.008023 [Ibw/Iba]
CCEAWBZ 60.3 CCLADB2 =[68.0] [F] rhladb2

TRADB = 7 0/[F] DTRA=-0.0[F] RADB=74.0]F

CCSH2 = 68950 [Btu/hr] CCSH1 = 234940

CCLH2 =0 [Btu/hr] CCLH1 = 184138 [Btu/h
CCTH2 = 68950 [Btu/hr]

CCTH1 = 419078 [Btu/h

TRARH :E [99 RAHG%=00 crvsA 15000] (cfm] |CCTH =488028.6 [Btu/h r]|
CFMEA = 4500 [cfm] CFMRA = 15000 [cfm] SADB =70.1 [F] e . :@ [cfm] CCSH = 303890.7 [Btu/hr]
RAHG = 0.0 [Btu/ht] RMDB 5 74.0 [A
CCLH = 184137.9 [Btu/hr]
RMRH =45.0] [%
CPM; 0] [efm]
Supply Fan
FAN=0.55
MOTEOF'; - RSHgp, =[64100] [Btu/hr]  RSHyiaton = O [Btu/hr]  RSH = 64100.0 [Btu/hr]
EFF T — - - =
_ - RLHg,, =[42733] [Btu/hr]  RLH. firation = O [Btu/hr] RLH = 42733 [Btu/hr] RSHR =0.6
FANpp = [in.wg.]
SFHG% = 55 ALTITUDE =[0] [ft]
DTFAN = 2.1 [F] MADB = 93.0 [F] PE = 14.696 [psia]
FNPWR = 10.33 [K B
[ MAWB = 75.0 [F] AltStdDen = 0.075 [ftS/Iba]
HPan = 12.87 [hp] Keons = 1.09
Kjqt = 4835
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Dual Path System Psychrometrics ' '
CCEADB = 93.0 [F] CCLADB =45.3 [F] CCLAW = 0.006059 [Ibwi/lba] C¢SH1 = 234940
CFMOA = 4500 [cfm]CCEAWB = 75.0 [F] CCLAWB = 44.6 [F] CCLH1 = 184138 [Btu/hr’

OADB =93.0| [F] CCTH1 = 419078 [Btu/hr
Condensate .z = 171.13 [lbw/h

rhladbl =53.83 [F] Reheatl = 42008

OAWB : [F] cfmg. = 4500 [Cfm] .DTDUCT: 0.0|[F SDHG%=0.0
WSA = 0.007434 [Ibw/lba
CCEAW?2 = 0.008023 [F Reheat2 = 0 [ ]
CCEADB?2 = 74 CFM,,, =[10500] [cfm] CCLAW2 =0.008023 [Ibw/Iba] CCSH2 =0 [Btu/hr] CCSH1 = 234940
CCEAWBZ 60.3 CCLADB2 [74.0] [F] rhladb2 CCLH2 = 0 [Btu/hr] CCLH1 = 184138 [Btu/h
— CCTH2=0 [BtU/hl’]

TRADB - o[[F] DTRA=-0.0[F] RADB=740[F] CCTH1 = 419078 [Btu/h

TRARH :H [0 RAHG%=00 cAvsA 15000] cfm) |CCTH =419078.2 [Btu/hr]|
CFMEA = 4500 [cfm] CFMRA = 15000 [cfm] SADB = 70.1 [F] cRMzEA =|E| [cfm] CCSH = 234940.3 [Btu/hr]
RAHG = 0.0 [Btu/hr] RMDB ﬂ &
CCLH = 184137.9 [Btu/hr]
RMRH =45.0] [%]
CPMi¢ 40] [efm]
Supply Fan
EFF _
vorar -_m RSHg,,p, =|64100] [Btu/hr]  RSHiiyation = O [Btu/hr]  RSH = 64100.0 [Btu/hr]
£ =(0-93 _ _ _ -
' RLH,,p, ={42733] [Btu/hr]  RLH. iration = O [Btu/hr]  RLH = 42733 [Btu/hr] RSHR = 0.6
FANpp : [in.wg.]
SFHG% = 55 ALTITUDE :|§| [ft]
DTFAN = 2.1 [F] VADE = 93.0 ] PB = 14.696 [psial
FNPWR = 10.33 [k T
o MAWB = 75.0 [F] AltStdDen = 0.075 [ft>/Iba]
HP,, = 12.87 [hp] Keong = 1,09
Kjqt = 4835
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Return Air Bypass Reheat System Psychrometrics

CCEADB = 93.0 [F] CCLAPB =45.3[F] CCLAW = 0.006059
CCEAWB = 75.0 [F CCLAWB = 44.6 [F] Reheat = 43832 [Btu/hr]

CFMOA = 4500 [cfm] _
CFMco =4500  popeaty, ., = 227577

OADB = [F]E
0AWB =[75.0] [F]

MADB = 93.0 [F]

CCTH = 34.9 [tons] 419078 [Btu/hr]
CCSH =19.6 [tons] 234940 [Btu/hr]

MAWB = 75.0 [F]

RHLADB = 54.2 [F]
[ .

CFMBA%= 70

CFMSA =/15000|[cfm]  WSA = 0.007434

SDHG%=00 WSAy, =52.04
oroucr {o0] CCLH =15.3 [tons] 184138 [Btu/hr]

TSADB, =70.1

Condensate g = 171.13 [Ibw/hr]

<

CFMEA =[4500] [cfm] ~ TRADB=740[F] RADB=740]

DTRA =[0.0] [F]

RAHG% = 0.0
CFMRA = 15000 [cfm]

crMzZEA =[0] [efm]
SADB=70.1[A

RMDB ={74.0|[F

RAHG = 0.0 [Btu/hr] RMRH ={45.0| [
CPMi¢ =[0] [efm]
Supply Fan
FANgr ={0.57]
EFF - _ _
MOTOR gy 10.53] RSHg, =|64100| [Btu/hr]  RSH, tiration = O [Btu/hr]  RSH = 64100.0 [Btu/hr]
Sig RLH,p =|42733| [Btu/hr]  RLHfiration = O [Btu/hr]  RLH = 42733 [Btu/hr] RSHR=0.6
FANpp =[3.0][in. wg ]
SFHG% = 52.16 ALTITUDE =[0] [ft]

DTFAN = 2.0 [F]
FNPWR = 9.79 [kW]

PB = 14.696 [psia]

AltStdDen = 0.075 [ft*/Iba]

HPy,, = 12.21 [hp]

Ksens = 1.09
Kiat = 4835
i ] 1 A
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Return Air Bypass Reheat System Psychrometrics

CCEADB = 85.4 [F]
CFMOA = 4500 [cfm]

OADB =[93.0] [F]
OAWB =[75.0] [F]

MADB = 85.4 [F]

MAWB = 68.9 [F]

RHLADB = 62.1 [F]
[

CFMBA%= 50

<

CFMEA =[4500] [cfm] ~ TRADB=74.0[F] RADB=74.0]
DTRA =[0.0] [F]
RAHG% =0.0

CFMRA = 15000 [cfm]

RAHG = 0.0 [Btu/hr]

Supply Fan

FANge =[0.58]
MOTORg =[0.93]
FANpp 3.0 [in. wg ]

SFHG% = 52.16
DTFAN = 2.0 [F]

FNPWR = 9.79 [kKW]

HPf,, = 12.21 [hp]

Hilton
Minneapolis, MN
September 19-22,2010

CCLADB =42.3 [F]
CCEAWB = 68.9 [F_CCLAWB =41.7 [F]

CCLAW = 0.005403
Reheat = 161745 [Btu/hr]

CFMc = 7500 peneaty, = 97533

CCTH = 47.3 [tons] 568108 [Btu/hr]

15000([cfm]  WSA = 0.005993
CCSH = 29.4 [tons] 352608 [Btu/hr
SDHG%=00 WSA,, =41.95 [tons] [Btu/hr]

proucT J0.0|[A

CRMSA =

TSADB, = 70.09
. CCLH = 18.0 [tons] 215500 [Btu/hr]

Condensate ;i = 200.28 [Ibw/hr]

cAvzea =[o] fefm]
SADB =70.1 [F

RMDB ={74.0|[F]

RMRH ={37.0][%

CPMi¢ =[0] [efm]

RSHgp =[64100| [Btu/hr]  RSH, iation = O [Btu/hr]  RSH = 64100.0 [Btu/hr]
RLHgp =|42733] [Btu/hr]  RLH. ciation = O [Btu/hr]  RLH = 42733 [Btu/hr] RSHR =0.6

ALTITUDE =[0] [ft]
PB = 14.696 [psia]
AltStdDen = 0.075 [ft°/Iba]

Ksens = 1.09
Ky = 4835
i l 1 A
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" S
Summary

m Variable (digital) scroll compressors
m Direct drive backward incline fans

= Modulating hot gas reheat

m [nsulation construction

m Return air bypass with reheat, a less
expensive alternative

= . | R . |
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