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Figure 1 - Building Front Entrance
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Figure 2 - Section “A” Floor Plan
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Figure 3 - Section "B" Floor Plan
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Figure 4 - Section "C" Floor Plan
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Figure 5 - Section "D" Floor Plan
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Workshop #1
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Workshop 1 Inputs

Our first Workshop focuses on calculating system design loads for the Gymnasium in the
“C” wing, which the school and community use most of the year. This workshop includes

defining all building details required to calculate the Gymnasium loads. We will NOT
perform energy simulations in the HAP System Design Loads Seminar. (For Energy
Analysis details please refer to our HAP for Energy Simulation training seminar.
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) Open Project

Select Project:

Name | Location

Cancel ]

Click "New" to create a new project TX e Newadd

_ tep |

£

List Projects of Type:

IHuurIy Analysis Program 4.6

Setting Project Preferences

Once we create the New Project, HAP prompts us to choose the applicable ventilation
standard for the project. This first step in our design process links our project to the
appropriate database in determining the ventilation requirements for the spaces and air

systems in our project. The choices include:
= User Defined
=  ASHRAE 90.1-2004
= ASHRAE 90.1-2007
= ASHRAE 90.1-2010

OUR ARCHIVE HAS SET THE PREFERENCES TO ASHRAE
VENTILATION STANDARD 62.1 2013 ....WE WILL USE THAT!
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Figure 1.3 - Setting Project Preferences

@ Preferences ]&

General I Project I --|‘

THIS IS WHERE WE SET
Ventilation Standard E@ THE CURRENCY UNITS
+irad TO TTD (TRINIDAD
DOLLARS) FOR DOING
LEED ® Rating System ieen/ OPERATING COSTS
(TOMORROW).

Energy Standard

Currency Units $

nder Project Preferences:
. Select the appropriate Ventilation Standard from the dropdown.

or System Design Load Calculations we are not concerned with |
he Energy Standard, LEED Rating System nor Currency.

Select the ASHRAE 62.1-2007 Ventilation Standard for our workshop and class project.

Users can also set HAP program preferences under the General Tab. Please refer to
Figures 1.4 and 1.5 below for additional details of the General HAP program
preferences.

Change the currency units to TTD (TRINIDAD DOLLARS)
This is only used for running operating costs however.
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GO TO “GENERAL” TAB
Figure 1.4 - HAP Program Prefe AND LEAVE THE ew/Preferences
ENABLE ENERGY e .
i ANALYSIS FEATU RES ew 'Reports Wizards
Preferences Applying to All Carrier Software C H EC KE D EVE N Large Icons
Measurement Units |
+ English " Sl Metric THOU G H WE ARE NOT f:tal e
Email Address for Your Carrier Sales Enging GOI N G To RU N E N E RGY ' Details |
IEumelndly carriersalesengineer@carrier ANALYS I S TODAY ! 3
Toolbar p
_ ' Status Bar )
Preferences Applying to HAP 9]
~Toolbar and Statusbar Dperating Mode ' Sched Preferences...
[¥ Show TaolTips i E,f Walls T

¥_Enable EnergyAnalysis Features |

v Show Date

v Show Time

Leave Operating Mode checked to
Enable Energy Analysis Features

Cancel | Help |

Note: Users can access the Project Preferences anytime by going to the View item on
the menu bar and selecting .

. Enter Design Weather Properties

IACET  Next, we define the project design weather properties using one of the following
F— methods. We can assign the defaulted ASHRAE design weather properties by using the
) “Weather Wizard” or using the Weather Properties input forms. Let's first look at the
Weather Wizard.

Go to the “Wizards” item on the menu bar and select

“Weather Wizard.” when selecting the weather wizard, HAP presents the

following graphical interface where the user selects the region, location and city either
from the drop down or by clicking on the map. Refer to Fig 1.6 and 1.7 below for details.

Figure 1.6 - Selecting Weather Wizard
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% HAP46 - [Untitled]
Project Edit View Reports Wizardsl Help

A HmER &= Weather Wizard

Untitled Building Wizard
fﬂ Weather Equipment Wizard
~@al Spaces -~ .
Systems | Utility Rate Wizard
£ Plants | Full Wizard Session
e Blilclivicic e

Go to CENTRAL AND SOUTH AMERICA LOCATION to
select the ASHRAE “design” weather data for our
workshop.

Figure 1.7 - HAP Weather Wizard

% Weather Wizard
Select Regon _

CLICK THE
CENTRAL &
SOUTH AMERICA [orivici ortee
LOCAT|ON tion lists below.
| SelectLocation SelectCity |
‘;’:’;:: CT?;_SA”_ o ~|  Location [iinois ~ »| city [Chicago P ~|

Cancel I Help |
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Select Region

&
Pl I "‘

PULL
DOWN
" | TRINIDAD &
TOBAGO
LOCATION

0 s'f.r T 1=

| selectLocation I \ Select City |
Choose City ‘ |
Region: |Central & South America ~|  Location ~| city [PortofSpain -
[ ok | cancet |  Heip ]|

Once the user selects the Region, the next selection is Location. This defaults to the
ASHRAE 0.4% summer design conditions and 99.6% winter design conditions. After
selecting the weather properties HAP generates the following Weather Wizard Input
Summary shown in Fig.1.8.

Figure 1.8 - Weather Wizard Properties

Weather Inputs

Project Untitled 972312017

Prepared By carrier

HAP DISPLAYS TRINIDAD
o WEATHER FROM ASHRAE

R
Port of Spain, Tnnldad&Tobago 4_‘ DATA
Region p— O - oo omeen

LOCAON ... e, EINVDAD & TODagO
CIY e B Port of Spain
LabtUGe e e 10.6 - Deg.
Longitude . ... T R B i 513 Deg.
Elevation .. . i s Sep——— R
SummerDesug\Dry -Bulb TSP YRR PR ) . i
Summer Coincident Wet-Bulb _ I . B — L
SUMMBT DA RANDE .. .......... oo ciiinmsomnisesssssmmassarsnsersissssssisemsisssssnsisasassirerss i IS8 °F
Winter Design Dry-Bulb ., T A isianas Y B
Winter Design Wet-Bulb ... ... TP T i e
Atmospheric Clearness Number . . ; ....1.00
Average Ground Reflectance e e, 0,20
Local Time Zone (GMT +I—Nhour5) . . ... 4.0 hours
Consider Daylight Savings Time . ... No

Simulation Weather Data TRINIDAD _TOBAGO_| PORT _OF_SPAIN ASHRAE I\NECZ HW1

After accepting the wizard inputs HAP converts the Wizard Data to the HAP interface as
shown in Fig 1.9.

|



[LOAD CALCULATIONS]

CIIETET
IACET
[-acTioe s

Once HAP converts the Wizard Data to HAP data, the user can return to HAP and edit
any of the wizard created data by accessing the weather properties input forms as
shown in Figure 1.10.

1.10 - HAP Design Weather Properties Form.

=% Weather Properties - [Port of Spain] (et
Design Panamelex:i Design Temperatutes | Design Solar | Simulation |
Rege -
oegen Atmospheric Cleamess Number  [1.00
Location:  [Trini

“ "TSAY OK USING THE |
w«+ | TRINIDAD WEATHER |,

Longitude:

ey DATA.
Summer Design DB BARY T
Summer Comncident WB ‘782 ) 'F DST Begns [ 771 h
Summer Daly Range 139 F DST Ends [0 <] 1
Winter Design DB 69.4 2 Data Source
Winter Coincident WB [57.7 ‘F User Modified
0K _ Cancel i ~ Help i

S

0O~NO O

T e

THAT EXERCISE SHOWED US HOW TO USE THE WEATHER
WIZARD. FOR OUR WORKSHOP WE WILL NOW IMPORT A HAP
ARCHIVE WITH THE TRINIDAD WEATHER DATA ALREADY
CONFIGURED:

1. OPEN A “NEW” PROJECT. SAY “OK” TO PREFERENCES
2.
3. BROWSE TO THE DESKTOP AND YOUR FOLDER “2. CLASS

GO TO ‘PROJECT”, “RETRIEVE HAP 5.0 DATA”

FLASH DRIVE TRINIDAD 2017.

. DOUBLE CLICK ON THE FOLDER CALLED

“1. HAP ARCHIVES LOADS AND ENERGY”

. HIGHLIGHT AND OPEN “UNSOLVED LOADS AND ENERGY”
. HIGHLIGHT “TRINIDAD LOADS UNSOLVED 2017 POS”

. OPEN THEN RETRIEVE IT INTO HAP

. CLICK “PROJECT” “SAVE AS” AND KEEP THE SAME TITLE
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Enter Space Data FOR GYM SPECTATOR AREA FIRST

- The next step in our workshop is entering the space data for the gymnasium. We can
u also create the library items from the space input form or from the individual library item
icons. To expedite our hands-on workshop we choose to enter the library items data
from the space input forms. The next series of exercises include defining the space
configuration and creating fractional schedules, walls, roofs and doors.

Enter the Gymnasium Space data into the Space input form. Under the General tab
in the space input form, enter the following details:

Space Name: C126A Gym Spectators

Floor Area: 5668 ft?

Ave Ceiling Height: 24 ft.

Building Weight: 70 Ibs/ft?.  We will verify the accuracy of this assumed building weight
after creating the envelope items.

Space Usage: SPORTS: Spectator Area

This space usage category sets the required OA Ventilation rates based on CFM/person
and CFM/ft? as detailed in Figure 1.11.

Figure 1.11 - Space Properties — General

Space Properties - [C 126A Gym Spectators] &l

General | Intemnals | Walls, Windows, Doors | Roofs, Skylights | Infiltration | Floors | Partitions | f
!

Name [C 126A Gym Spectators }
! Floor Area 5668.0 fi |

Avg Celing Height |24 p ft

Building Weight W Ib/fe I I
Light  Med. Heavy
04 Ventilation Requirements
Space Usage fs PORTS: Spectator area ZI }
0A Requirement1 |75 | FM/person _] \
04 Requirement 2 |0.06 I = j |

Space usage defaults: ASHRAE Std 62.1-2013
Defaults can be chanaged via View/Preferences.

[' oK 77] Cancel Help | |

Click on the Internals tab and enter the following information detailed in Figure 1.12

|
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Figure 1.12 - Space Properties — Internals
[ -
& Space Properties-

| |
Eeneuai Walls, Windows, Doors | Roofs, Skylights] Infi!tratiunl Floors] Partitions] i

- [C 1264 Gym Spect

Overhead Lighting : - People o
Fixture Type IFree hanging 4‘3734;;— ‘Occupancy  [475.0 l People &

a0 [wre S Acivlevel [Dancing B
F [1.15 ¢ Sensible [305.0 BTU/hi/pers

}(C[eate New Schedule_?J

|545_ 0 BTUhr/person

Task Lignting C*Create New Schedule>_v_|.
Watage  [0.00  [wi  v|  Miscdlneousloads
Schedule l (one) _,_' Sensjble [0 BTU/ b
Electrical Equipment - Schedule I | (none) ~||
‘wattage [0.00 [wie  +| }Latenl o BTUw
Schedule | (none) _.._J Schedule ] [hone) LI :

OK l Cancel | Help ] |

& o
_—

To create and link the fractional schedules to the internal loads, simply click on the
Schedule button and create the profiles as defined in Figure 1.13 through Figure 1.15.

Figure 1.13 - Fractional Schedule - Lights Gym

S

I[@ Schedule Properties - [Lights Gym]
E Schedule Tvpe | Houily Profiles | Assignments |

]
B

——

Schedule Name: lLights Gym !1 i I

Schedule Type: " Fractional | (People, Lighting, Equipment,
2 F Misc. Sensible, Misc. Latent,
s Yentilation Airflow, Domestic

Hot Water, Misc. Electric,
Misc Fuel

" Fan/Thermostat

" Utility Rate Time-of-Day

1. Enter the Schedule Name
2. Select Fraction Schedule Type radio button
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Figure 1.14 — Lights Gym — Configure Hourly Profile 1

[ Schedule bropaﬁes- e

— and rename it Design Day |

[Deslgn Day ' 2Profie Two &) |1

3:Prolile Thiee @]  4:Profile Four &

B:Profile Five &| B:ProfileSik &

7:Prcfile Sever | &:Profile Eight &3]

J F M J J A
Design | 1|1 T”T 111
Mon. e, 212222

People Gym is already finished for Loads in the archive.

Leave the Task Lighting and Electric Equipment values at 0.00 W/ft2. Highlight and enter
the people density in the space input form as shown in figure 1.12, total people = 475.
Set the activity level to “Dancing” and select <Create New Schedule> from the schedule
drop-down. Create the following schedule for the occupancy density (refer to Figures
1.16a, b and c for details).

Schedule Type: Fractional Schedule
Schedule Name: People — Gym
Select Profile 1 and rename it “Design Day”
Hourly Profiles: Hours 00 — 06: 000%
Hours 07 — 18: 005%
Hours 19 — 21: 100%
Hour - 22: 050%
Hour - 23: 000%
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Assignments: Assign Profile 1 to Design Day for all Months

Figure 1.16a - People Schedule for Gymnasium

@ Schedule Properties - [Peo
! ﬁ?“#!ﬂﬁ Tm; Hourly Profiles | Assngnrnerﬂsl

1. Select Fractional Schedule Type
2. Enter Schedule Name

Schedule Name:  [People Gym | 2 l ]
Schedule Type: m [People, Lighting, Equipment,
@ - Misc. Sensible, Misc. Latent,

Ventilation Aiflow, Domestic
Hot Water, Misc. Electric,

Flgure 1.16b - People Gym Hourly Proflles

[} Schedule Pmpemes EPCONEG ]
Schedule Type 5| ssignments|
Profile: |Design Day 4-‘)

1DesignDay -0

.

Enter Profile Name

ZPiofile Two &

o [0z
Set Hours 00-06 & 23 to 0%
| Set Hours 07-18 to 005%

 Set Hours 19-22 to 100%

-90% | = 3Profile Thiee ®| 4:Piofile Four &

:Piofile Five &

Figure 1.16c — People Gym Schedule Proflle ASS|gnments

@Scheduie Propertles- peptE Gym]

Y aS

Schedue Type | Ll Profes Ssignmens Ass[gn Proﬁle 1 to Design Day

Months 2:Profile Two
J FE M A JASON

[pesign f1 [ 1|1 [ [a {11 ]a |11
Mon. 2|2|2|2)|2|2|2]|2]|2|2|2|2
Tue. 2|2|2|2)2|2|2|2]|2|2|2|2
Wed. 2|2|2|2)2|2|2]|2]|2|2|2|2
Thu. 2|12|2|2)|2|2|2|2]|2]|2|2)|2
Fri. 2|12|2|2)|2|2|2|2]|2|2|2)|2
Sat. 3/13|13|3)3|3|3|3|3|3|3)|3
Sun. 4 4|44 |4 /4|4|4|4[4|4|4
Holiday |4 | 4|4 |4 |4 |4 |4|4|4|4|4|4

Use the mouse of the arrow keys to select a

block of cells and press a number key or click

a Dlofie to assign it to those days/mnrﬂhs

k:llck OK when finished [

|
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There are no miscellaneous sensible and/or miscellaneous latent loads in this space
input.

Create Gymnasium Wall, Window, Door and Roof Assemblies

Click on the “Walls, Windows, Doors” tab to move to the next input form. In this input
form, we create the envelope items for the Gymnasium beginning with the wall
assembly. Please enter the details found in Table 1.1 and Figure 1.17 for the
gymnasium Walls. We simplified the actual Gymnasium footprint to focus on the inputs
as opposed to the building geometry. Please refer to Figures 1.17 — 1.19 for wall
assembly details, Figure 1.20 for Door input details and Figure 1.21 for Roof Assembly
details.

The “gross wall areas” and “door quantity” for the four (4) exposures are:

Table 1.1 - Walls, Windows, Doors Exposures, Area and Quantity
'Exp.  Wall Gross Area (ft?) ~ Window 1 Qty. Window 2 Qty. ' Door 1 Qty. |

N 2016.0 0 0 0
E 2268.0 0 0 2
S 2268.0 0 0 0
w 2880.0 0 0 1

Figure 1.17 - Space Properties — Walls, Windows & Doors

@l Space Propertiesm— [C 6A ,' sctators]

General | Intemalsl Walls, Windows, Doors lRoofs.SkyIightsl Infiltration | Floors | Partitions |

Wall Construction Types

Gross  window Window for Exposure: 2 (E)

Area 1 2 Door

Exposure i€ Quantity Quantity Quantit I Wall I Gymnasium Wall - [

0 TS I R :
2l <Jze80 0 o |2 _Window 1 | none) |
315 4 ~|22680 |0 0 0 Shade 1 bz )
4 ~|28300 |0 0 1 /
5 Mot user v v Iow 2 IIhone] ﬂ
7 1nd Click the Wall button or clickthe | Shade 2 | none) ]
7 |ng dropdown and select "Create
a[d New"to create Gym Wall. | Door BpicalEntryway Door 'I)

Use the same proses to create
| Windows, Shades and Doors.

Area; and enter Window & Door Quantiti Cancel I Help l

l Select Exposure and ent ' a

Please refer to the following details for creating the Gymnasium Wall assembly.

NOTE: Because HAP uses the ASHRAE Transfer Function Methodology, the order of
the wall property layers impacts the transfer function coefficient of the layer and thus the
speed at which the heat gain transfers to the next wall layer. The outside surface color
impacts the assembly’s ability to reflect the solar heat back out to the atmosphere.

|
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[Pick the date]

HAP’s defaults outside surface colors are Light, Medium and Dark, with default
absorptivity values of 0.45, 0.675 and 0.90 respectively. The user can also enter a
known absorptivity value.

To enter an equivalent to the reflectance or reflectivity value, simply take 1.0 — reflectivity
value = absorptivity value. So, if the outside surface color has a reflectivity value of 0.30
the resulting Absorptivity is 1.0 — 0.30 reflectivity = 0.70 absorptivity. Please refer to
Figures 1.16 through 1.18 for additional details.

.

Figure 1.18 - Wall Properties Form

IACET W Wall Properties - [D_e_fault EL Aﬁembﬂ 2
Wall Assembly Name:  |[RIEETRE RS 00

. : ace Hrick + 4" HW Concrete Block
Quiside Surface Color IFace Brick + 8" LW Concrete Block

Face Brick + a" HW Concrete Block

» 1&.;;;sum board

L

Air space

o

|LW concrete block 4.000 38.0 0.20 151500 12.7
Face brick 4.000 125.0 0.22 0.43300 417
0.000 0.0 0.00 0.33300 0.0
Totals : 8625 444 56.9
/{ Overall U-Value: 0.225BTU/hr/fe/F

Select Pre-defined Wall Assembly from

drop down and edit layers and values as

required to match project construction.

Enter Wall Assembly Name as desired.
I oK ] Cancel J Help Jl

Figure 1.19 - Add/Remove/Edit Layers in Wall Properties Form

N Wall Properties - [Face Brick + R-7 Board + 8" LW Concrete Block]

|

Wall Assembly Mame: |Face Brick + R-7 Board + 8" LW Con rete Block =
e l gjelectlt%lor ro e
Outside Surface Color: drop down or enter Absorptivity. 10.900
ot L Thickness Sl ecl g R-Value Weight
L 1, e in b BTU/b/F  heteF/BTU  Ibjte
0.000 0.0 0.00 0.68500 00
0.625 50.0 0.26 0.56004 28
8.000 38.0 0.20 2.02020 253
1[2—|n gypsum plaster 1000 i .28 8.94445 02
R-7 board insulation 0.000 0.0 0.00 0.91000 0.0
R-14 board insulation
) hitt rsofatins 4000 1250 0.22 0.43290 417
R-13 batt insulation 0.000 0.0 0.00 0.33300 0.0
R-19 batt insulation 1365 1189 698
= . Overall Uvelue: | | 0084BTU/hr/iF/F
Change default 5/8-in gypboard 3
to 1/2-in gypboard by selecting Layer Thickness,
item from the drop down. Density, Specific Heat,
o= R-Values and Weight
ok | cencel | hHep |
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Figure 1.20 - FINAL Gymnasium Wall Properties

- o N
& Wall Properties - [Gymnasium Wa X
Wall Assembly Name: n _ = .

Outside Surface Color: IMedium v Absorptivity: |0.675

i ; Thickness Density |~ Specific Ht. RValue Weight

Layers: Inside to Dutside in b | BIUMF  hEFBTU b
Inside surface resistance 0.000 0.0 0.00 0.68500 0.0
» |1/2-in gypsum board - 0.500 50.0 0.26 0.44803 21
8-in LW concrete block ~ 8.000 38.0 0.20 2.02020 25.3
R-7 board insulation - 1.000 2.0 0.22  6.94445 0.2
Air space - 1.000 0.0 0.00 0.91000 0.0
4-in face brick hd 4.000 125.0 0.22 0.43290 41.7
Outside surface resistance 0.000 0.0 0.00 0.33300 0.0
Totsls 4 14500 177 693
/ Overall UValue: 0.085BT U/ /F

Final Gymnasium Wall Assembly

0K O Cancel | Help |

Each field in the wall properties form with a white background indicates an editable
value.

Moving the cursor to the left of a layer turns the cursor into a flashing black arrow. With
the flashing black arrow, use the right mouse click to insert or remove a layer. The user
can also use the keystroke combination of <ALT + Insert> to add a layer or <ALT +
Delete> to remove the highlighted layer. An input report of the wall properties is on page
53 of this manual.
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DOORS (ALREADY IN THE ARCHIVE)

While in the Walls, Windows, Doors tab and at the exposure with doors, perform the
following steps to add the door assembly to the library items and assign it to the wall

exposure as detailed in Figure 1.17. Please enter the following door properties:

Door Name: Typical Entry Doors

Gross Area: 48 ft?
Door U-Value: 0.210
Glass Area: 46 ft?
Glass U-Value: 0.580
Shade Coefficient:  0.459
Shaded all day: No
Figure 1.21 - Door Properties Form
] Door Properties - lT'll Entrywa Door] s _ &]
Door Details
Name: [Typical Entryway Door
Gross Area: W f§
Door UV alue: 02100 BTU//EF
Glass Details
Glass Area; IW_' fe
Glass U Value: (0580  BTU/WARF

Glass Shade Coefficient:  |0.459 E;ﬂer Haor Prapesies. l

. =] Note: If door glass is shaded
Glass Shaded Al Day: [~ ,
PTRERER click the check box.

Hep |

Please assign two (2) doors to the East and one (1) door to the West exposure.




[LOAD CALCULATIONS]

Y Next, we move to the ROOfS, Skylig htS tab to model our roof

construction. The building roof is a flat (horizontal) roof so our exposure is H for
horizontal. If we had a pitched roof, we would select the exposure from the drop down
and then set the pitch. HAP uses a degree of slope from horizontal in setting the pitch.
S— For equivalent pitch values, press the F1 <Function 1> key when cursor is in the Roof
Slope field. This takes us to the context sensitive help for that field, which includes the
pitch equivalents. Please refer to Figure 1.22a & b for details.

To create our roof select <Create New> from the Roof Construction Type drop down for
our horizontal exposure. Select a predefined assembly that either represents or is similar
to our roof construction. The Gymnasium roof construction is a “built-up roof + R-14
board insulation + steel deck.” Please refer to Figures 1.22a and 1.22b for roof details.

Figure 1.22a - Roof Construction Details
{7 Roof Properties - [Bhilt-up Roof + R-14 Board + Steel Deck]

Roof Assembly Name: Built-u Hoof + H-14 Board + Steel Deck

Light Weight Roof

Medium Weight Roof

Layers: Inside ta O e.a\.r_v Eht Fl_ul B o el Ne

Built-up Roof + A-14 Board + Steel Deck

Built-up Hool + Wood Dec

P |22 gage steel Built-up Roof + R-7 Board + Wood Deck
|R-14 board ighula Buill-upjoo[ + R-14 Board + Wood Deck b

[Built-up ra/ing < 035 700 0.35 0.33245 22
Outside /diface resistance 0.000 0.0 0.00 0.33300 0.0
Totals 2403 15.24 39 ||
[ Overall UV alue; 0.066BTL h/fe/F

—

Select the Built-up Roof + R-14 board + Steel Deck from the dropdown
Rename the roof assembly Name to: Flat Roof Gym
Refer to the Figure for details related to adding a new layer.

i
]
()

QOutside Surface Color;

Inside surface reg

0K ] Cancel ,

Next move the cursor to the box left of the R-14 board insulation and right mouse click
after the cursor turns into an arrow. Select “Insert” to add a layer and select R-7 board
insulation from the drop down as detailed in figure 1.22b below.
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Figure 1.22b — Roof Construction Details-Insert a New Layer OF R-7 BOARD ABOVE
THE R-14 BOARD

"y

|
!
Roof Assembly Name: IBuilt-up Roof + R-14 Board + Steel Deck ﬂ
Dutside Surface Color: IMedium LI Absorptivity: |0.6759
e : Thickness Density  Specific Ht. R-Value Weight
Layers: Insideiio Dutanda in b/e  BTUABF  hefeF/BTU  Ib/iE
Inside surface resistance 0.000 0.0 0.00 0.68500 0.0
| Right Click ' ge steel deck ﬂ 0.034 489.0 012 0.00011 1.4
1 ins i 2.000 2.0 0.22 13.88889 03
- 0.375 70.0 0.35 0.33245 2.2
’ Remove "V Alt+Del | 0.000 0.0 0.00  0.33300 0.0
B o— s 15.24 39
Overall U alue: 0.066BTU Mhedfe/F
Move cursor to R-14 board insulation and
when it turns into an arrow, right mouse click,
and select "Insert” to insert a new layer. On
the new layer dropdown select R-7 board
insulation. Click OK when finished.
- < R — ""'“"'”‘f &
-Mil‘ Cancel | Help |

i

Left clicking the OK button creates the Transfer Function Coefficients, returns us to the
space input form and assigns the new roof to our space.

Press F1 to access the revised context-sensitive, on-line HELP system.

Figure 1.23a- Final Gymnasium Roof Assembly

(BELOW)




jauthorizeo]
[Provioea]
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ﬂ Roof Properties - [Flat Roof Gym] ﬁ
: Roof Assembly Name: Iﬁm_" T o _E]
Outside Surface Color: Madiunrﬁ Absorptivity. [I]_:ﬁ"'j“ B
Layers: Inside o Outside Thic::]ness DE;SWEV SEDTQS;:E? hr::?;;fliu \,TI:;E*N
Inside surface resistance 0.000 0.0 0.00 0.68500 0.0
22 gage steel deck ~| 0034 469.0 0.12 0.00011 14
R-7 board insulation | 1.000 2.0 0.22 6.94444 02
R-14 board insulation v | 2.000 2.0 0.22  13.88889 03
[Buill-up roofing L] 0.375 70.0 0.35 0.33245 22
i Outside surface resistance 0.000 0.0 0.00 0.33300 00 |
! l Totals 3.408 AL 41
777777777777 - Overall U-Value: 00458 TU/hi/te/F

‘ Final Assembly Gymnasium Roof

Cancel | Help | !

Figure 1.23b - Degree of Slope conversion to Roof Pitch

*» Roof Slope. When a roof exposure other than horizontal is specified, the user is asked
to define the slope of the roof in degrees. Roof slope is measured from horizontal. Thus a
60 degree roof slope is steeper than a 30 degree roof slope
In some cases building plans specify roof slope in terms of pitch rather than dearees. The
following table is provided to assist you in converting common pitch specifications to degrees
Slope Slope
Pitch in Pitch in
(rise:run) degrees (rise:run) degrees
from from
Horiz Horiz
1:12 50 1:10 6°
212 g0 1.9 5°
312 14° 1.8 7
4:12 18° 157 8°
5:12 239 1.6 g0
6:12 2 1.5 142
712 30° 14 14°
812 340 13 18°
912 370 1:2.5 220
10:12 40° 1:2 270
11:12 43° 1315 34°
12:12 45° 1:1 45°

Next, click on the Infiltration tab of the space properties. According to ASHRAE the
“Typical air leakage values per unit wall area at 0.30” of water are 0.10, 0.30 and 0.60
cfm/ft? for tight, average and leaky walls respectively (Tamura and Shaw 1976a). With
that said, we assume our building has average wall construction and model infiltration as
0.20 cfm/ft? for cooling and 0.30 cfm/ft? for heating. Entering these cfm/ft? values
automatically populates the other input categories of CFM and ACH. We also assume

infiltration for all hours. Please refer to Figure 1.24 for details.

|
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Figure 1.24 - Infiltration input

1! Space Properties - [C126A-Gym Spectators]

Select Radio
Button for
All Hours

CFM CFM/fE ACH

Design Cooling |1 886.40
Design Heating lzﬁﬁﬂi
{23568.00

Energy Analysis

Infiltration occurs: Only'When Fan Off

Entering a value in one field
populates the other fields
with equivelant values

"ok | cencel | Heb | | The nexttabin the
space input form is
the Floor tab where we enter the floor details. The floor area populates based on the
value entered under the general tab “Floor Area” input. We must select the appropriate
radio button for our floor location. Our project is an unheated slab-on-grade construction
and therefore only requires the following inputs. Please enter these values into the Floor
Properties screen.

Floor Area: 5668.0 ft?

Total Floor U-Value: 0.087 BTU/Hr/ft3/°F
Exposed Perimeter: 24.0 ft.

Edge Ins. R-Value: 0.00

Be sure to check with the local code officials having jurisdiction for the minimum
construction requirements for your municipality.

F Figure 1.25 - Floor

Input Form

& Space Properties - [C 126A Gym Spectators

General| Intelnals| Walls, Windows, DDO[S] FIoufs,Skyh'ghisl Inﬁltlalion Paflilions|

Floor Type
" Floor Above Conditioned Space
pachbouslloccndilioned Space

|ab Floor below arade

Slab Floor On Grade f-\ Floor Area populated
from General Tab

Floor Area 5668.0 & Floor Area input
Total Floor U-value [cos7 BrUMmaeF

Exposed Perimeter 240 ¢

Edge Insulation B-value IEIDU— hr-ft&-F/BTU

Enter Slab Floor on Grade

U-value, Exposed Perimiter
and Edge Insulation R-Value I h

Cancel g Help
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There are no partitions to model for our Gymnasium Building. Printouts of all the Space
inputs and Library items are on the following pages.
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The Second Space, C126B Gym Play
Area is already built in your archive.
Let’s review it.....

Space details are on pages 54-57.

To generate the input reports highlight and right mouse click the item in the main
program screen, and select view input data as detailed in Figure 1.26a below.

Figure 1.26a - Print View Input Data
[ HAP4S System Design
Project Edit View Reports Wizards

Help

Al
Systems

[69) Plants

Select any report you want and click on the Preview button as shown in Figure 1.26b.

Figure 1.26b Preview Weather Reports

Wizards Documentation Help
i Print Setup... 2 A 3 ER a ?
) Print/View Input Data... :sign City Simulation City

t of Spain, Trinidad & Tob... | Port of Spain (IWC)

nt/View Design Results
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%% Weather Reports ﬁ

L Desian
[ Design Parameters and MSHGs

[v Desian Temperature Profiles

‘ [™ Desian Temperature Profile Graph AS K Fo R D E S I G N
[ Design Solar Profiles TEMPERATU RE
Simulation PRO FI LES

[ Simulation Weather Data Summary

]
I Simulation Weather Profiles Fiom Pun. 21 <] To: flun 30 |
. |
I Simulation Temperature Profile Graph From: [:_,'. 1 I Tor [ an, 1 | }
[ Simulation Solar Profile Graph From: [' ? [ To: [ an, 1 |

| Restore Defaults Print... Preview... Cancel | Help ]
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Location: Port of Spain, Trinidad & Tobago

( Dry and Wet Bulb temperatures are expressed in °F )

Hr January February March April May June

DB WB DB wB DB wB DB wB DB WB DB wWB

0000 71.6 68.8 736] 699 766] 721 77.6 73.1 786] 742| 806| 753

0100 709 686 729| 697 759| 719| 769| 729| 779| 740| 799] 751

0200 70.2 68.4 72.2 69.5 75.2 717 76.2 727 77.2 738 79.2 749

0300 69.7 68.3]: 717 69.3 747 715 75:7 726| 767 737 787 74:7

0400 69.2] 681 71.2] 69.2 742| 714 752| 725] 762 736| 782| 746

0500 69.1 68.1 | 69.2 741 713) 151 72:4 76:1 735| 781 746

0600 694| 682 714 69.3 744| 714 754| V25| 764| 7T3.6| 784| 7T4.7

0700 70.1 684| 721 69.5 751 716] 761 F2d). T19 738 794 749

0800 71.3| 688 733| 698 763 7201 Ti3 73:1 783] 741 80.3| 752

0900 731 693| 751 704 78.1 725) = 791 736 .801 746 82.1 19:

1000 75.2 69.9 7.2 71.0 80.2 731 81.2 741 822 752 84.2 76.2

1100 776 707] 79.6] 717 82.6 737 83.6 748| 846| 758| 866| 768

1200 798 713 818| 723] 848| 743| 858| 754| 868| 764| 888| 774
1300 815| 718| 835| 728 865| 748| 875| 758| 885| 768| 905| 778
1400 826 721 846| 731 876] 751 886| 761 89.6| 771 91.6] 781
1500 830 722| 850| 732 880 752]| 89.0| 762 90.0] 772 92.0] 782

1600 826 721 846 731 876] 751 886| 761 896| 771 916| 781

1700 816 48 83.6 728 86.6 748 87.6 758 88.6 76.8 90.6 779

1800 80.1 714 82.1 724 85.1 744 86.1 754 871 76.5 89.1 775

1900 78.3 70.8 80.3 719 83.3 73.9 84.3 75.0 853 76.0 87.3 77.0

2000 765| 703 78:5 714 815| 734 825| 745| 835| 755| 855 76:5

2100 749| 699 769| 709 79.9] 730 809] 741 81.9] 751 83.8]| 761

2200 735| 694 785| 705 785| 726] 795| 737| 805| 747| 825| 758

2300 724] 691 744 702 774] 723] 78.4| 734 79.4] 74.4] 814] 755
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Hr July Auqust September October November December

DB wB DB wB DB wB DB ws DB wB DB wB

0000 816| 753| 816 753| 796| 742| 776| 731 746| 721 726 659.9
0100 809] 751 809 751 78.9 740| 769| 729 739| 719| 719 69.7
0200 802 749| 802 749| 782| 738| 762| 727| 732 717] 712 69.5

0300 797| 747| 797| 747\ 77.7] T37| 57| 726| V27| 715| 707] 693

0400 792| 746 792| 746| 77.2| 736] 752 725 722| 714 702| 692

0500 791 7456 79.1 746 77.1 735 751 724 721 714 701 69.2
0600 794 747| 794 747 774 736| 754| 725 724 714 704 69.3

0700 80.1 749 80:1 74:9 781 738| 761 27} 134 716 711 69.5
0800 813| 752] 813 ¥52| 793 741 773 731 743 720| 723 69.8
0900 831 75.7] 831 757 811 746 791 736| 761 725| 741 704

1000 852| 762| 852 762 832] 752| 812| 741 782 731 762 710

1100 876| 768| 876 768 85.6 758| 836| 748 806| 738 786 717

1200 898 774| 898 774 878 76.4 85:8 754| 828 743 808| 723

1300 915| 778| 915| 778| 895| 768| 875 758| 845| 748| 825| 728
1400 926| 781 926| 781 906| 771| 886] 761 856| 751 836] 731
1500 930 782] 930/ 782| 910| 772| 890| 762| 860| 752| 840| 732
1600 926| 781 926 781 806| 77.1 886| 761 856 751 836] 731
1700 916| 779 916 779| 896| 768| 876| 758| 846 748| 826] 728

1800 90.1 775 901 775| 881 765| 861 754 831 744 811 724
1900 883| 770| 883| 770| 863| 760 843 750 813 739 793] 719
2000 865| 765| 865| 765( 845] 755| 825| 745| 795| 734| 775| 714
2100 849| 761 849 76.1 82.9 751 809| 741 779| 730 759| 709
2200 835| 758| 835| 758| 815] 747| 795| 737| 765 726 745| 705

2300 | 824| 755| B824| 755| 804 744| 784] 734 754| 723| 734| 702
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Space Input Summary Report

C 126A Gym Spectators

1. General Details:

FlOOEAISE st .0 ft?

Avg. Ceiling Height ft

Building Walght ... smmmnein Ib/ft?
1.1. OA Ventilation Requirements:

Space Usage ................. SPORTS: Spectator area

OA Requirement 1 ............ccccvvvimmrieiiiniiinininnnnnns 7.5

OA Requirement 2 ..............cccepmmsvsrveisisssssinsi 0.06

Space Usage Defaults ...... ASHRAE Std 62.1-2007

2. Internals:
2.1. Overhead Lighting:
Fixture Type ....coooviiieeiee e, Free Hanging
Wattage ............... R A A S ) 1.40
Ballast Multiplier ...

Wi/

¢ WE USED ASHRAE 62.1 2013

Schedule ... Lights Gym

2.2. Task Lighting:
Wattage ...
Schedule

Wift?

2.3. Electrical Equipment:
Wattage ....

Wift?
Schedlle vt

3. Walls, Windows, Doors:

BTU/hr/person
................ 545.0
... BTU/hr/person
............................................. People Gym

2.5. Miscellaneous Loads:
SeNnSIDIE ..o
Schedule ..
Latent .........
SCHBOUM comaonsa e T

Exp Wall Gross Area (ft*) Window 1 Qty. Window 2 Qty. Door 1 Qty.
N 2016.0 0 0 0
E 2268.0 0 0 2
S 2268.0 0 0 0
w 2880.0 0 0 1
3.1. Construction Types for Exposure N
WaNLTYPE: iciiiviiiiiinmmimimmanmmmssesssnssssasays Gymnasium Wall
3.2. Construction Types for Exposure E
Wl TYpe wvauninnsmnnmansnnsim Gymnasium Wall
Door Type Typical Entryway Doors
3.3. Construction Types for Exposure S
Wall TYPE! iivuassvmssmssmsman s Gymnasium Wall
3.4, Construction Types for Exposure W
WL TYPE:! .o isiivrmmsmnimmivsns ssiin Gymnasium Wall
[B70 o [ K] o - S Typical Entryway Doors
4. Roofs, Skylights:
Exp Roof Gross Area (ft?) Roof Slope (deg.) Skylight Qty.
H 5668.0 0 0
4.1. Construction Types for Exposure H
ROGETYPE s mmmaniaig Flat Roof - Gym

5. Infiltration:
Design Cooling
Design Heating
Energy Analysis
Infiltration occurs at all hours.

0.20 CFM/ft?
.. 0.30 CFM/ft?
0.256 CFM/ft?

BTU/hr

BTU/hr
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6. Floors:
Type ......c.eceeennn... Slab Floor on Grade
Floor Area ......cccccceevieeeiiecciiecee 5668.0 ft?
Total Floor U-Value ..........c.ccccevennnee. 0.087  BTU/(Dr-ft2-°F)
Exposed Perimeter ........c.cccoevvviiviinnnnns 24.0 ft
Edge Insulation R-Value ..........c............ 0.00 (hr-ft2-°F)/BTU

7. Partitions:
(No partition data).
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C 126B Gym Play Area

1. General Details:
Floor Area
Avg. Ceiling Height ..
Building Weight

1.1. OA Ventilation Requirements:

Space Usage ...... SPORTS: Sports arena (play area)
OA Requirement 1
OA Requirement 2
Space Usage Defaults ...

... ASHRAE Std 62.1-2007

2. Internals:
2.1. Overhead Lighting:
Fixture TYPE ..oooviiiieii e
Wattage ......coooveeieveenne
Ballast Multiplier ..
Schedule

Free Hanging
................... 1.40
................... 1.15
Lights Gym

2.2, Task Lighting:
Wattage s o imssising 0.00
Schedule

2.3. Electrical Equipment:
Wattage
Schedule ....

3. Walls, Windows, Doors:
(No Wall, Window, Door data).

4. Roofs, Skylights:

ft
Ib/ft*

CFM/person

WE USED ASHRAE 62.1 2013

Wit

2.5. Miscellaneous Loads:
SONSIDIG wvuiiiuivivinsiin i s T
Sehedlle::wmmmmmmrnnninanananas
Latent ..o
Schedule .....coooiiiiiiec i

Wit

Wift?

Exp. Roof Gross Area (ft?)

Roof Slope (deg.)

Skylight Qty.

H 4700.0 0

0

4.1. Construction Types for Exposure H
ROOF TYPR Livissoiessmismmmssonssmmsimssissmsiniriinie

5. Infiltration:
Design Cooling
Design Heating
Energy Analysis
Infiltration occurs at all hours.

6. Floors:
Type
Floor Area
Total Floor U-Value ....
Exposed Perimeter ...........
Edge Insulation R-Value

4700.0

7. Partitions:
(No partition data).

Flat Roof - Gym

ACH

ACH
ACH

ﬂl
BTU/(hr-ft-°F)
ft

(hr-f-°F)/BTU
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Lights Gym (Fractional)

Hourly Profiles:

1:Design Da
Hour | 00 | 01 |02 |03 |04 |05 |06 |07 |08 (09|10 |11 (12|13 |14 (15|16 |17 (18 |19 |20 |21 | 22 | 23
Value| 0 | O (O | O | O | O | O | O |40|40 |40 |40 |40 (40 | 40 | 40 | 40 | 40 |100|100|100|100| 50 | O
Assignments:
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Design 1 1 1 1 1 1 1 1 1 1 1 1
People Gym (Fractional)
Hourly Profiles:
1:Design Da
Hour [ 00 |01 |02 |03 |04 |05 | 06|07 |08 |09 |10 |11 (12|13 |14 (15|16 |17 |18 |19 |20 | 21 | 22 | 23
Value| 0O |O|O|O0O|O0O|O0|O|S5|5|5|5|5|5|5|5 |5 |5 ]|5]|5[100/[100|100| 50| 0
Assignments:
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Design 1 1 1 1 1 1 1 1 1 1 1 1
Gymnasium Wall
Wall Details
Outside Surface Color ........ccccoevviiiivieiiiineanns Medium
Absorptivity ......c.coccvnen .
Overall U-Value ......ccooeevinviiieeiiiiiiiieciesieens 0.085 BTU/(hr-ft>-°F)
Wall Layers Details (Inside to Outside)
Thickness Density| Specific Ht. R-Value Weight
Layers in Ib/ft*| BTU / (Ib - °F)| (hr-ft>-°F)/BTU Ib/ft?
Inside surface resistance 0.000 0.0 0.00 0.68500 0.0
1/2-in gypsum board 0.500 50.0 0.26 0.44803 24
8-in LW concrete block 8.000 38.0 0.20 2.02020 25.3
R-7 board insulation 1.000 2.0 0.22 6.94445 0.2
Air space 1.000 0.0 0.00 0.91000 0.0
4-in face brick 4.000 125.0 0.22 0.43290 1.7
Outside surface resistance 0.000 0.0 0.00 0.33300 0.0
Totals 14.500 - 11.77358 69.3

Typical Entryway Doors

Door Details:
Gross Area
Door U-Value

Glass Details:

GlaSS ATBA ..ocvvvieiiiieeiiiee it sae e cnae e

Glass U-Value
Glass Shade Coefficient

.......... 0 ft
BTU/(hr-ft?-°F)

46.0 ft?

Glass Shaded All Day? ..............................

BTU/(hr-fE-°F)
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Flat Roof - Gym
Roof Details
Outside Surface Color ..........c.ocvvvvvevvveeeininnns Medium
ADSOTPHVIY ..o 0.675
Overall UsValie .....cucumunimissanasniingis 0.045 BTU/(hr-ft*-°F)
Roof Layers Details (Inside to Outside)
Thickness Density| Specific Ht. R-Value Weight
Layers in Ib/ft*| BTU / (Ib - °F)| (hr-ft-°F)/BTU Ib/ft?
Inside surface resistance 0.000 0.0 0.00 0.68500 0.0
22 gage steel deck 0.034 489.0 0.12 0.00011 1.4
R-7 board insulation 1.000 2.0 0.22 6.94445 0.2
R-14 board insulation 2.000 2.0 0.22 13.88889 0.3
Built-up roofing 0.375 70.0 0.35 0.33245 22
Outside surface resistance 0.000 0.0 0.00 0.33300 0.0
Totals 3.409 - 22.18389 41

DEFINE Air System For Gymnasium

The next step in the calculation process is defining our HVAC air system. For our
example we choose chilled water providing the cooling. Heating is not required for
this location SO WE WILL UNCHECK THE PREHEAT AND CENTRAL HEATING
COIL. For the Gymnasium, we chose a single zone constant volume air handler for
maintaining comfort.

Left click the Air Systems icon on the HAP Main Program window in the tree structure.
The details screen shows an item titled <New Default System>. Double left click this icon
to open the air system properties form. .

Figure 1.27 - Defining Air Systems
(€] HAP46 - [2012 Using HAPvA

Project Edit View Report§

This brings up the Air System Properties input form. Please enter the following data into
the air system properties form.

1. General Properties:
Air System Name A04 - Project 1 - Gymnasium
Equipment Type  Chilled Water AHU
Air System Type  Single Zone CAV
Number of zones 1

|
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Figure 1.28 - Air System General Properties

@Air System Properties - [AO4 - Project 1 - Gymnasium]

| General § System Components | Zone Components | Sizing Data |

Air System Name |AD4 - Project 1 - Gymnasium  Enter System Tag Name
Equipment Type [Chilled\;\'éte}mr Handling Units mi?m
Air System Type |CAV - Single Zone F™

s

Number of Zones |

Select "Equipment Type" and "Air
System Type" from drop down

0K J Cancel Help

2 A - System Components

A. Ventilation Air Data (SEE NEXT PAGE)
Airflow Control: Constant

Sizing Method: ASHRAE 62.1-2013

Unoccupied Damper Position: Closed
Damper Leakage Rate: 5%
Outdoor Air CO; Level: 385 ppm

Figure 1.29A - System Ventilation Air Ineut Data

[E air System Propeftxes - [AD4 P actl
—
RETERIN

Zone Componenlsl Sizing Data | Equipment |

entilation Air Data

[v Economizet

[™ Vent. Reclaim
il Ventilation Sz

 PrecoolCol | LentiationSizingMethod  [ASHRAE Std 62.1-2007

[v Pieheat Coll Minimum Airflow 0 %

[7 Humidification 3 __ l

[none| i

[~ Dehumidification T : o | Ir“l‘ [ . i

v Central Cooling OGRS S Open * Dased

[¢ CentialHealing  Damper Leak Rate 5 %

v Supply Fan Minimum CO2 Differential 100 ppm

v DuctSystem . imum CO2 Differentisl 700 ppm !

™ Beturn Fan |
Outdoor Air CO2 Level 3 385 ppm

1. For Airflow Control select Constant from the dropdown.

2. For Ventilation Sizing Method select ASHRAE Std. 62 12007
3. Enter 385 ppm Outdoor Air COz Level

“Bitflow Control 1 | Constant |
=

'UNCHECK

PREHEAT AND
CENTRAL HEAT
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2B - System Components

B. Economizer Data

Control: Integrated Enthalpy Control
Upper Cutoff: +65° F
Lower Cutoff: -20°F

(2

[& Air System Properties . [:EM - Project 1 - Gymnasium]

o)

Zone Components | Sizing Data | Equipment |

| 2 System Components

v Ventilation Air Economizer Data

(B)

/' Control ;"
Vel Hoclam Ilntegrated enthalpy contral :‘I} .
[ Precool Coil Upper Cutoff 5.0 °F
[v Preheat Cail
[ Humidfication ~ Lower Cutaff 200 &

Dehumidification

e | LEAVE HEAT UNCHECKED

PlEPAE No economizer

IR UR VR YRR

Return Fan
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2C. System Components

Preheat Coil Data NONE!!!

Figure 1.29C - Preheat Coil Data

(_E—IAir System Properties - [AO4 - Project 1 - Gymnasium]

G 2 ‘ I System Components I Zone Components l Sizing Data |
v Ventilation Air Preheat Cail
v Economizer
™ Vent Reclaim Sefpoint 52.0 i
I Precool Cail - — =& i
. eating Source
v Preheat Coil .; ; |H0tWater tl
™ Humidification Schedule D'FI—'\EHI"M' D_FJ_!—A,EIE(EII_D_
[7 Dehumidification
v Central Cooling Coil Position " Upstream of Mixing Paint
¥ Central Heating / -‘hDuwnstream of Mixing Point
v SupplyFan ' A\
v Duct System '
[ Return Fan
UNCHECK ANY HEAT!
putton
| |
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2D. System Components

Central Cooling Coil Data
Select Supply Temp: 55°F

Set Coil Bypass Factor: 0.05
Cooling Source: Default Chilled Water
Schedule: Available all months
Capacity Control: Cycled or Staged Capacity, Fan On

Figure 1.29D - Central Cooling Coil Data

[E Air System Properties - [AD4 - Project 1 - Gymnasium]
1 12 Zone Components | Sizing Data | Equipment |

Ventilation Air Central Cooling Data

Economizer

Vent. Reclaim ISuppiy Temp. _'] 55.0 F

Precool Cail Coil Bypass Factor ||1 050

Preheat Col  Cooling Source | Chilled Water 1|

Hurnidification Schedule l—J- [F m II m ’T i—Jvm E E mm

Dehumidification

B

o Capacity Contral IEycled or Staged Capacity, Fan On LJ I

ential Heatng @ Supply Temperature |;'5 0 F

SupplyFan  OATforMinSupplyTemp [G50  °F
DuctSystem QAT for Max Supply Temp  [500  °F

O

1. Set Supply Tempto 550 F

2. Enter Coil Bypass Factor 0.050

3. Cooling Source default Chilled Water (from General Tab)
4. Schedule all months defaulted to active

5. Capacity Control Select Cycled or Staged Capacity, Fan On
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2E. System Components

Central Heating Coil Data NONE!!!

Figure 1.29E - Central Heating Coil Data
[4 Air System Properties - [A04 - Projec 3sium]
et el

szf}‘ﬂem Components | Zone Components | Sizing Data | Equipment |

v entilation Air Central Heating Data

[v Economizer

Design Temperature F
[ Went. Reclaim g g =0
[~ Precool Coil Healing Source |Hot Wwater |
v PreheatCoil  Schedule - [WIFTMlaMIaTaTaTsToNTD
[ Humidification Capacity Contral
[~ Dehumidification

|Cycled or Staged Capacity, Fan On L]
Min Supply Temperatwe [0 °F
@* for Min Supply Temp 500 °F

OAT for Max Supply Temp W_ F

v Supply Fan
v Duct System
[~ RetunFan

UNCHECK ANY HEAT!
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2F. System Components

Supply Fan Data
Supply Fan: BI/AF

Configuration: Draw — Through
Total Static:  3.00” wg.
Overall Efficiency: 54%

Figure 1.29F - Supply Fan Data

@Air System Properties - [AO4 - Project 1 - Gymnasium]

I System Components |Zun9 Components | Sizing Daia]

Ventilation Air Supply Fan

<

I Economias Ean Type |Backward Inclined or Airfoil (BI/AF) |
~ Vent Reclaim Configuration ® Draw-Thru " BlowThru

[~ Brecool Coil | Total Static v |3.00 in. w.

lv Preheat Coil DiersllEleiey [5_4__ %

" Humidification

" Dehumidification % Aiflow 100 30 80 70 60 50

v Central Cooling ZKW l | { [ f |

]

v_Central Heating %Aiflow | 40 30 20 0|l o
ww_| S|
v DuctSystem . =
™ Retum Fan 1. Fan Type Backward Inclined/Airfoil (BI/AF)
2. Configuration: Draw-Thru
3. Total Static: 3.00" wg.

4. Qverall Efficiency: 54%

| OK | ~ Cancel Help
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2G. System Components

Duct System Data
Supply Duct Data: 0% Duct Heat Gain, 0% Duct Leakage

Return Duct Data: Ducted Return

Figure 1.29G - Duct System Data

@Air System Properties - [AO4 - Project 1 - Gymnasium]

G I System Components IZone Componantsl Sizing Dala]

¥ VentilationAjr  DuctSystem Data

v Economizer Supply Duct Data

I Vent Reclaim Duct Heat Gain [ﬁ”* Ty
™ Precool Coil e

- ) Duct Leakage ﬁ] %
v Preheat Cojl

I Humidification Return Duct or Plenum Data

I~ Dehumidificat i\ :
8] ERLON Return Air Via ® Ducted Return

Iv Central Cooling

= : ~ Returp Air Plenum
ii Lantialhigaing Wall Heat Gain to Plenum |—— -

v Supply Fan R
Roof Heat Gain to Plenum 2%

I~ Beturn Fan ‘ Lighting Heat Gain to Plenum [——‘_ [_ %

1. Supply Duct Heat Gain & Leakage 0.00%
2. Return Air Via Ducted Return

| OK I Cancel ‘ Help J

Click on the “Zone Components” tab to enter the Zone information. This is where we link
the spaces to the zones, define the thermostat settings and link a t-stat schedule.




[Pick the date]

[LOAD CALCULATIONS]

3A. Zone Components

Space Assignments

Assign BOTH SPACES TO THE ZONE C126A and C1126B to Zone 1 of 1

Figure 1.30A - Space Assignments

@Air System Properties - [A04 - Project 1 - Gymnasium]

[ Spacee1A)
v Thermostats
v Supply Terminals Spaces

I~ Zone Heating Units

3B. Zone Components

Thermostat Settings
Cooling T-stat Setpoint:

Heating T-stat Setpoint:
T-stat Throttling Range:
Diversity Factor:
Direct Exhaust Airflow:
Direct Exhaust Fan kW:
Thermostat Schedule:
Schedule Name:
Hourly Profiles:
Hours 00-05 & 23:
All remaining Hours:
Assignments:

Unoccupied Cooling:

Space Assignments

Enter Zone Nam.g/\‘1 Zone 1
Zone 1

Double click spaces to add to Zone |

AT UIQS RS, 7o

of 1

C126A-Gym Spectators
C126B-Gym Play Area

75°F Occupied, 85°F Unoccupied
70°F Occupied, 60°F Unoccupied
1.5°F

100

400CFM

2.9kW

<create new> (Refer to Figure 1.30B for details)
Occupied Schedule Gym
<Profile One> Design Day
Unoccupied

Occupied

Assign Profile one to all months

Available

Refer to Figures 1.30B Thermostat Settings and T-stat Schedule for details
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Figure 1.30B - Thermostat settings AND SCHEDULE

4 — - - s
Air System Properties - [A04 Project 1 Gymnasius , lg‘
General | System Com - Zone Components || Sizing Data | Equipment |

v Spaces Thermostat and Zone Data
@ V' Allzone Tstats set the same - | | Zone Al of 1
vV Supply Terminals. ~ Zone Name |4l Zones ]
[ Zone HeatingUnits  Cogling T-stat Setpoints oce. [750 °F  unoce. [g5p °F
Heating T-stat Setpaints 0cCe, [70.0 ‘F unoce. [gop °F
T-stat Throttling Range 1.50 F
Diversity Factor 100 %
Direct Exhaust Airflow ]400.0 CFM
Direct Exhaust Fan KW | 29 Kw/
| Shared Data
Thermostat Sched A Pecupied Schedule Gym Ll
Unoccupied Cooling is " Avalable " Mot available

o]

Cancel l

C op O » « .
Schedule Type | Hourly Profiles | Assignments |
Profile: |Desjgn Day Li :pfﬂﬁle-rwo =y
T ipesignDey el
0 Unoccupied |
-Occ
R - -1l Froe Sic
-Unog
T 1 Foile Severf3P Prof Eii 13
ooooooo0OODTTINII1I111112222
012345678901234567890123
cl op o D Cl cl
Schedule Type] Hourly Profilesy  Assignments

Assign Profile 1
Ansiap. Bl m
J FMAMUJ J A 0O N D
Design 1 (1 |1 (1 (1|1 (1 (1|1 |1]|1]|1 |
Mon. 4
e s T .
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F

3C. Zone Components

Supply Terminal Data
Terminal Type: Diffuser

Minimum Airflow: 0.00 CFM

Figure 1.30C - Supply Terminal Data

IEEAir System Properties - [AO4 - Project 1 - Gymnasium]

General | System Compd Sizing Date. |

Supply Terminal Data
[v All zones are the same J J Zone Al of 1

v Spaces

v Thermostats

v supply Terminalg C ) Zone ]A" o Ll
I Zone Heating Units .

Terminal Type lDiﬁuser _'_I
Accept Program - ; -
Defaults for this Minimum Airflow 0.00 \CFMfperson |
CAV SZ System | | — inwg.

Fan Overall Efficiency %
Design Supply Temp N 'F

Shared Data N o H E AT -

Reheat Coil Heat Source

Reheat Cail Schedule [JlFIm[AalMaTaTATS]ON[D

OK | Cancel ' Help |

There are no “Zone Heating Units” in the Gymnasium.
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4A. Sizing Data — System Sizing

Figure 1.31A - Sizing Data Tab — System Sizing Parameters

Air System Properties - [A04 - Project 1 - Gymnasium)] %
General| System Components | Zone Eompr4 |l Sizing Data
— System Sizing Data
( v System Sizing
Iy Sizing Data
et Cooling Supply Temperature iE
Supply Airflow Rate CFM

Sizing Data is Yentilation Airflow Rate CFM

| Computer - | )Heetin Supply Temperature °F
9 [Generated "_ i i

~ User- Hot Deck Supply Airflow Rate CFH
- Defined
~Hydronic Sizing MCauons — - Safety Factors
Chiled Water DeltaT [120 °F pocing Sensble g i
Cooling Latent [ %

&

....WE ARE USING NO HEAT I

—
.

[0 )

. Help
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4B. Sizing Data — Zone Sizing

Figure 1.31B - Sizing Data Tab — Zone Sizing Parameters
F .
[&A Air System Properties - [AD4 - Project 1 - Gymnasium] M
T
General| System Components | Zane Eom* 4

o Zone Sizing Data
[v System Sizing

@ one Aiflow Sizing Method [Sum of space aiflow rates , E = |
7 Zone Stng w51 =
apace Aiflow Sizing Method 8 dividyal peak space loads -

Supply | Zone Hig 1 FPMBX
Zone Airflrw | [nit Reheat Coil | Fan

CFM MEH MBH CFM

Sizing Datais -

5 Computer - &
e Generated one | | | | l i
~ User- ’ | I | ]
Defined l l J /
| l ]
[ [

I ]

1. Select Computer Generated Sizing Data
2. Select appropriate Zone and Space Airflow Sizing Method
3. Click on OK button to save air system inputs

m Cancel | Help |

e - . ]

1. Default Computer Generated Sizing Data. Let computer calculate the required
system sizing

2. From the drop downs, select the required Zone and Space airflow sizing

procedure. Refer to Appendix for a detailed discussion on which sizing method to
choose.

3. Left click on the OK button to save all air system properties entered in this
workshop.

At this point we are ready to calculate the design load
reports for this CAV Single Zone air system. At the Main
program window with the Gymnasium air system

highlighted in the detailed screen, “Print/View design
results”
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Figure 1.32 - Calculate System Design Loads
"8 HAP45 - (2012 Using HAPA. for Systen

Project Edit N Reports| Wizards Help -
|2 HmEE M B B X W .- EE BEIREE P |
I 2012 Using HAPYA.6 for System Design - System Type s Sizing Status |
| F Weather Right Click § jo(ait Systems i
) gpaces @ iAu:l -Project 1 - Gymnasium | SingleZone CAY. | NotSized
: 3 P,;,'slems ‘. \] Duplicate
E ants
o Buildings
Delet
=& Project Libraries _ s
: m Schedules Print Input Data
il Walls _
£ Roofs View Input Data
B Windows ) 3 g TT
[' Doors Ki Print/View Design Results A&
‘@& Shades Print/View Simulation Result4y"
5 Chillers -
“f Cooling Towers Properties
B Boilers e —

%1 Electric Rates
Fuel Rates

Highlight Air Sytem(s) to calculate

1. Select Reports from Menu Bar, OR
2. Left Click on Reports Icon, OR

3. Right Mouse Click on highlighted Air System(s)
4_ Click on Print/View Design Results

222012 1005 PM

Click on Reports in the Menu bar.
Click the Calculate icon on the tool bar

Right Click on the highlighted air system(s)

Select Print/View Design Results from the options list.

ol Sl

This brings up the following reports selection list. Choose the reports you want to view.
The default for the detailed reports is the Peak Load time. If you remove the check from
the peak box you can specify the hour and month for the detailed report.

|
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Figure 1.33 - Select System Design Reports to Preview

System Design Reports &
E Sizing Reports Table| Graph Time Specifications ‘
| System Sizing Summary v !
| Zone Sizing Summary v i
Ventilation Sizing Summary v i
5 Diagnostic Reports Table| Graph Time Specifications 7
System Load Summary v : v Peak
| | Zone Load Summary [
| | Space Load Summary r
Hourly Air System Loads [~ [
Hourly Zone Loads |
System Psychrometiics e
L":E E Restore Defaults Print... F’reglew_ _l Cancel Help
\

Clicking the Preview button starts the system calculations and upon completion displays
the following reports. Note that each report selected generates a separate report. Refer
to the following pages for the calculated System Design Loads.




[Pick the date]
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Air System Sizing Summary

Prepared by camier

Air System Sizing Summary for A04 Project 1 Gymnasium
Project Name: TRINIDAD LOADS SOLVED 2017 POS ASHRAE

072172017
02: 14PN

Air System Information

Air System Name _..AD4 Project 1 Gymnasum

Equipment Class..........cavi i CW AHU

Alr SystemTyYPe ..o, SZCAV
Sizing Calculation Information

Calculation Months ... Jan to Dec

S1zingDatd ... Calculated

Central Cooling Coil Sizing Data
FOIMCOR DB ......oovvinvammmpniina i 51.7
Total coil load

Sensible coil load ... .. 2823
Coil CFIM at Jul 1900 . ... 9083
Ifax block CFIY . .. . ... 9083

Sum of peak zone CFN
Sensible heat ratio
ft3/Ton

Supply Fan Sizing Data
Actual max CFI!
Standard CFI8

Outdoor Ventilation Air Data
Design akBowCEM ...
CFM /M3 ) 0.43

Tons
IMBH
MBH
CFIs
CFI
CFIS

gpm

CFIt
CFIt
CFLIft=

CFit
CFIft2

NUBESTDIEOIER o 1
Floor Area
Location

Port of Spain, Trinidad & Tobago

Zone CFI Sizing ... Sum of space airflowrates
Space CFIM Sizing ... Individual peak space loads

Loadoccurs at...............cooovooviiriine, Jul 1900
OB e e e BB ITTD °F
EMBOGDBIWD ... 82.8174.7 °F
Leaving DB /WB ... ....54.0/53.8 °F
BOLADRY . s s T 524 °F
BypassFactor .. 0.050
MBI, 81 %
Design supplytemp. ... 590 *F
ZoneT=statCheck ... oo 10of1 OK
Ifax zone temperature deviation ... ... .. 0.0 °F
Fanmotor BHP . ... ... 746 BHP
Fan motor kW e 592 KW
Fan static ... SN 3.00 inwvyg
CEMIDRIBON......c..vicinisnimscs mrsomia 10.20 CFM/person

|
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Zone Sizing Summary Report

Zone Sizing Summary for A04 Project 1 Gymnasium
Project Name: TRINIDAD LOADS SOLVED 2017 POS ASHRAE
2 d DYV _carmier

Air System Information
Air System Name . ... A04 Project 1 Gymnasium Number of zones . 1
EquipmentClass.._._................. CWAHU Floor Area
ArSystemType ... .............. SIZCAV Location ................ . Port of Spain, Tnnidad & Tobago

Sizing Calculation Information
Calculation Months ... . JantoDec Zone CFM Sizing ... ... Sum of space airflowrates
SizingData ....._..................cccioi.....Célculated Space CFI Sizing ... Individual peak space loads

Zone Terminal Sizing Data

Reheat Zone Zone
Design | Minimum Reheat Coil Htg Unit | Htag Unit Mixing
Supply Supply Coil Water Coil Water Box Fan
¥ Airflow | Airflow Zone Load gpm Load gpm Airflow
Zone Name : (CFM) | (CFM) | CFMiff | (MBH) | @30,0°F | (MBH) | @300°F | (CFM)
Zone 1 9083 9083 0.88 0.0 0.00 0.0 0.00 0
Zone Peak Sensible Loads
Zone Zone Zone
Cooling Time ol Heating Floor
Sensible | Peak Sensible Load Area
Zone Name (MBH) Cooling Load (MBH) (f€)
Zone 1 193.3 Jul 1900 33 10368.0
Space Loads and Airflows
Time of
Cooling Peak Air Heating Floor
Zone Name/ Sensible Sensible Flow Load Area Space
Space Name Mult. (MBH) Load (CFM) (MBH) (ft9) CFMIft?
Zone 1
C 126A Gym Spectators 1 152.6 Jul2100 7076 25 5668.0 1.25
C 1268 Gym Play Area 1 43.3 Jul 1900 2007 0.7 4700.0 0.43

|



Ventilation Sizing Summary

[LOAD CALCULATIONS]

Ventllatlon Sizing Summary for A04 Project 1 Gymnasium

1. Summary
Ventilation Sizing Method
Design Condition ...

ASHRAE Std 62.1-2013
Coolmg operation

Occupant Diversty ®) . o R 1.000
Uncomected Qutdoor Air intake |Vou; ...4919 CFM
System Ventilation E ficiency (Ev) ... .._0 990
Outdoor Airintake (Vo). ... 4968 CFM
2. Space Ventilation Analysis
Time People Breathing
Space Floor|Area Outdoor Averaged| Outdoor Air Air Space Zone Space|
Supply Air| Area Air Rate| Occupancy Rate| Distribution| Outdoor Air| Qutdoor Air| Ventilation
(CFM) (fE) (CFMIff)| (Occupants) |(CFM/person) |Effectiveness (CFM) (CFM)| Efficiency
Zone Name / Space Name Muit (Vpz) (Az) (Ra) (Pz) (Rp) (Ez) (Voz) {Vbz) (Evz)
Zone 1
C 126A Gym Spectators 1 7076 5668.0 0.08 475.0 7.50 1.00 3903 0.990
C 126B Gym Play Area 1 2007 4700.0 0.18 8.5 20.00 1.00 1016 1.035
Totals (incl. Space Multipliers) 9083 4919 0.990
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Air System Design Load Summary Report

Air System Design Load Summary for A04 Project 1 Gymnasium
Project Name. TRINIDAD LOADS SOLVED 2017 POS ASHRAE
Prepared by camier

DESIGN COOLING DESIGN HEATING
(COOLING DATA AT Jul 1900 HEATING DATA AT DES HTG
COOLING OADB/WB 88.3°F/77.0°F HEATING OA DB /WB 69.4 °F | 57.7 °F

Sensible Latent Sensible Latent
ZONE LOADS Details (BTU/hr) (BTUWhr) Details (BTUIhr) (BTU/hr)
VWindow & Skylight Solar Loads 0 fi? 0 - 0 - -
\Wall Transmission 9288 f* 16777 - 5288 fi* 473 -
Roof Transmission 10368 ft* 8443 . 10368 fi* 280 -
Viindow Transmission 0f? 0 - 0 f* 0 -
Skylight Transmission 0 ft* 0 - 0 fi? 0 -
Door Loads 144 ft# 3686 - 144 ft2 49 &
Floor Transmission 10368 fi? 0 - 10268 fi* 16 -
Partitions 0 fi* 0 - 0 fi2 0 -
Ceiling 0 fi? 0 - 0 fi7 0 -
Overhead Lighting 16692 W 48075 - 0 0 -
Task Lighting 0w 0 - 0 0 -
Electric Equipment 0w 0 - 0 0 -
People 487 75809 271955 0 0 0
Infitration - 40461 23978 - 2429 0
Niscellaneous - 0 0 - 0 0
Safety Factor 0% /0% 0 0 0% 0 0
>> Total Zone Loads - 193252 295933 - 3257 0
Zone Condtioning - 197062 295933 - 2112 0
Plenum Wall Load 0% 0 - 0 0 -
Plenum Roof Load 0% 0 - 0 0 -
Plenum Lighting Load 0% 0 - 0 0
Return Fan Load 8683 CFM 0 - 8683 CFI 0
Ventilation Load 4968 CFI 65030 42151 4968 CFM 2059 0
Supply Fan Load 9083 CFM 20200 - 9083 CFM -20200 -
Space Fan Coil Fans - 0 - “ 0 -
Duct Heat Gain / Loss 0% 0 - 0% 0 -
>> Total System Loads - 282292 338084 - -16028 0
Central Cooling Coil - 282292 338083 - -16028 0
>> Total Conditioning - 282292 338083 - 16028 0
Kevy: Positivevalues are cla loads Positive values are htg loads

Negative values are hig loads Negative values are cig loads
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System Design Reports

i

Sizing Reports Table| Graph Time Specifications
System Sizing Summary l_ - .
Zone Sizing Summary r . .
Yentilation Sizing Summary r 2
Diagnostic Reports Table| Graph Time Specifications
System Load Summary r
Zone Load Summaty v vV Peak
Space Load Summary v vV Peak
Hourly &ir System Loads | r
Hourly Zone Loads vV | |August v I To August ¥
System Psychrometrics vV | T |V Peak
Restore Defaults Print... l Pregl:eﬁ... Cancel | Help |

Zone Design Load Summary Report

Zone Design Load Summary for A04 Project 1 Gymnasium

Project Name: TRINIDAD LOADS SOLVED 2017 POS ASHRAE 0712172017
Prepared by camer 02:40PK

Zone 1 DE SIGH COOLING DE SIGN HEATING

COOLING DATA AT Jul 1900 HEATING DATA AT DES HTG

COOLINGOADB/WB 88.3°FI/77.0°F HEATING OADB/WB 69.4 °F / 57.7 °F

OCCUPIED T-STAT 75.0 °F OCCUPIED T-STAT 70.0 °F

Sensible Latent Sensible Latent

ZONE LOADS Details (BTU/hr) (BTU/hr) Details (BTU/hr) (BTU/hn)
Window & Skylight Solar Loads 0 ft* 0 - 0 fi? - =
\Wall Transmission 9288 fi* 16777 - 9288 fi* 473 -
Roof Transmission 10368 ft* 8443 - 10368 ft 280 -
Window Transmission 0 ft 0 - 0 ft2 0 -
Skyhght Transmission 0 fi 0 - 0 fi 0 -
Door Loads 144 ft? 3686 - 144 it 49 -
Floor Transmission 10368 ft* 0 - 10368 fi* 16 -
Parttions 0 fi 0 - 0 ft? 0 -
Ceiling 0 ft* 0 - 0 ft* 0 -
Overhead Lighting 16692 W 48075 - 0 0
Task Lighting 0w 0 - 0 0 -
Electric Equipment oW 0 - 0 0 -
People 487 75809 271955 0 0 0
Infiltration - 40461 23978 - 2439 0
Miscelianeous - 0 0 - 0 0
Safety Factor 0% /0% 0 0 0% 0 0
>> Total Zone Loads - 193252 295933 - 3257 0
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Space Design Load Summary Report

S

Spac;: Dg_sigl

POS ASHRAE

1 Load Summary for A04 Project 1 Gymnasium

TABLE 1.1.A Component Loads For Space ~C 126A Gym Spectators™ InZone ~Zone 1
DESIGN COOLING DE $IGN HEATING
COOLING DATA AT Jul 2100 HEATING DATAAT DES HTG
COOLINGOADBIWEB M 3°FITE1°F HEATING QA DB/WB €9.4°FIST7T°F
QOCCUPIED T-STAT 75.0 °F OCCUPIED T-STAT 70.0°F
Sansibie Latent Sansible Latent
SPACE LOADS Datalls (BTWnr) (BTWnr) Datanls {BTWnr) {BTUNrY
Wihdow & Skylignt Solar Loads oR Q - on - E
Wall Transmission 9258 13003 - N v 473 4
Roo! Trasemission seeam 3422 - ses 183 1
Window Tranemission on 0 - on 0 1
Sky gt Transmission o Q - oR 0 &
CoorLoacs 144 @2 3167 - 1L [T] b
Fioor Transmission Se65m 0 - 5668 8° 16 .
Panrions R 0 - o 0 1
Celiing o 0 - on 0 B
Cuvemead Lignting 91254 26393 - [ 0 R
Task Lighting ow 0 - 0 0 :
Electric Equipment 0w 0 - 0 0 E
Pecolke 475 80913 258875 0 0 0
P - 20218 14758 ) 1831 Q
Misteliangoue - 0 0 - 0 0
Safety Factor 0%/ 0% Q 0 0% 0 0
»»Totsl Zone Loads - 152622 273633 - 2522 [}
TABLE 1.1.B. Envelops Loads For Space ~C 126A Gym Spactators™ InZons ~Zone 1” |
COOLING COOLING HEATING|
Area| U-Vaiue Shade TRANS SOLAR TRANY
(13 (BTUANhrIt*F)l| Cosft (BTWhr) (BTWnh) {BTWnr)
N EXPO SURE
WALL 2016 0.08% - 41139 - 103
E EXPOSURE
WALL 2172 0.08% - 4562 - 11
DOOR < 0.210 - 9 - 1
DOOR GLASS EA 0.580 0.459 562 1370 32
§ EXPOSURE
WALL 2285 0088 - 04 - 116
VW EXPOSURE
WALL 2832 0.08% - 6181 - 144
COOR 2 0.210 - [ - 1
DOOR GLASS 85 0.580 0.459 281 90 164
H EXPO SURE
ROOF SE63 Q045 - uxn - 153




Space Design Load Summary for A04 Project 1 Gymnasium

Project Name: TRINIDAD LOADS SOLVED 2017 POS ASHRAE 0712172017
Prepared by camier 02:40PM

TABLE 1.2.A. Component Loads For Space "C 126B Gym Play Area” InZone "Zone 1"
DE SIGN COOLING DESIGN HEATING
COOLING DATA AT Jul 1900 HEATING DATA AT DES HTG
COOLINGOADB/WB 88.3°FIT77.0°F HEATING OADB/WB 69.4 °F / 57.7 °F
OCCUPIED T-STAT 75.0 °F OCCUPIED T-STAT 70.0 °F
Sensible Latent Sensible Latent
SPACE LOADS Details (BTU/hr) (BTU/hr) Details (BTU/hr) (BTU/hr)
\Windowr & Skyhight Solar Loads 0 fi 0 - 0 fi2 - -
\Wall Transmission 02 0 - 0 fi* 0 -
Roof Transmissi 4700 fi2 3828 - 4700 fi* 127 -
\Window Transmission 0 fi2 0 - 0 f? 0 -
Skylight Transmission 0 fi* 0 - 0 fi? 0 -
Door Loads 0 fi* 0 - 0 fi? 0 -
Floor Transmission 4700 ft* 0 - 4700 fi 0 -
Parttions 0 fi2 0 - 0 fi2 0 -
Ceiling 0 fiz 0 - 0 fi 0 -
Overhead Lighting 7567 W 21793 - 0 0
Task Lighting 0w 0 - 0 0 :
Electric Equipment ow 0 - 0 0 -
People 12 421 13080 0 0 0
Infiltration = 13456 7975 - 608 0
liscellaneous - 0 0 - 0 0
Safety Factor 0% /0% 0 0 0% 0 0
>> Total Zone Loads - 43288 21055 - 735 0
TABLE 1.2.B. Envelope Loads For Space "C 126B Gym Play Area” In Zone "Zone 1"
COOLING COOLING HEATING
Area U-Value| Shade TRANS SOLAR TRANS
(f5)| (BTUNhr1E4F))| Coeff. (BTU/hr) (BTU/hr) (BTU/hn)
H EXPOSURE
| _RroOF 4700 0.045 = 3828 - 127




00 00 00 00 Frei6s 00 = 96L vee 00tC
00 00 00 Sveacrl L #1OLEL 0'€806 9. |09L St8 002z
00 [C) 00 4129061 166161 0'€806 18 €9 6%8 001z
00 00 00 66.Er61 ¥ #5616l 0°€806 18 |29/ S98 0002
00 00 00 ) £90261 0'009251 0€806 18 [€9L £88 0061
00 oo 00 0ELOSI L'9FI9EL 0£806 ¥ [8SL 1 06 ooel
0o 0 00 5826821 Stariel 0'€806 £9 [19L 9l6 0041
00 0 00 S9l2iEl 8'L5.6Z1 0£806 S9 |19 9¢h 00391
00 0 00 L ZrEerl 2'0.9%¢E1 0'£806 S9 |29l 0t6 0051
00 00 00 € L61ERI L'8CESEL 0'£206 #9 |29l 926 oort
00 00 00 ECELBEL 89LIZEL 0'£806 59 |[eol S'i6 00¢l
00 g0 00 £2001vl 1885521 0'£806 59 9L 268 oozl
00 00 00 2699821 90¥2all 0'€206 19 9L 9.8 001
00 00 00 S¢eescl 6'£09501 0°€806 89 |65L 258 0001
00 0 00 9'1coizl 0'¥6.¥6 0'€806 69 |[2SL L E8 0060
00 0 00 1 ¥66501 L #5198 0'€806 L |09 £18 0080
00 0 00 6%0.¥6 518185 0£806 €L |S5L 108 00.0
00 00 00 $r1606 B'¥eels 0'£806 £2 |95 6L 0090
00 g0 00 00 €625 00 a ¥ 6L L 6L 0050
00 00 00 00 3 LETSS 00 = Pl 6L 00%0
o0 00 00 00 029165 00 = S6L L6L 00¢€0
00 00 00 0o 9veoes 00 = 96 coe 00z0
00 00 00 00 218589 0o = 96L 608 0010
00 00 00 00 L'S09EL 00 = 162 918 0000
ounial wnLar Taumnigl {un18) (un18l [({FR)] BLER) (3] inoH
LIND 102 0D QHOD avol MOTIHIV HY [dw3l (dW3L
ONILVY3IH ONILY3H ONIT00D Inoz 318ISN3S Ell{er4 INozZ |vVO
3NoZ TVNIWYHIL AVHIWYIL INO0Z
1SNOoNV HLNOW NOIS30
} auoz :3N0Z
vidov.2o ISR AQ paJedald
LLOTILEIL0 IYUHSY SOd L10Z QIAT0S SAYOT Qv aININL dwey 1020
wniseuwAs | jo8foid oV 10} speo auoz AlinoH
speoq auoz AjanoH
isvovinowoavor |




System Psychrometric Report — Cooling

August DESIGN COOLING DAY, 1900

TABLE 1: SYSTEM DATA

TABLE 1: SYSTEM DATA

July DESIGN COOLING DAY, 1900

Dry-Buid Spacific Sensibi Laten
Temp Humidity Aifiow| CO2 Level Hast Hea
Componant Location [°F) {1tV D) (CFu) {BTUnr) [BTWh
Vertiation Alr nist 833 001745 4953 388 65030 42151
Vent - Retum Midng Outiet 8238 001663 9083 1040 = 1
Central Cooing Coll Oultizt 520 0.00578| 9033 1040 282292 333053
Supply Fan Qutiet $60 000878 9033 1040 20200 5
Cola Supply Cuct. Outiet 560 000878 9033 1080 = :
Zone Alr - 761 0.0136€ 9033 1331 197082 29593 Y
Zone Direct Exnaust Outiet 761 001566 400 1831 - 9
Retum Plenum Outiet 761 0 013886] 8633 1831 ] L
Alr Dansity ¥ H2a? Capacly » Comersion Faclr A 583 keve! = 1080, Al ste amtude = 1.078 BTUMr-CFIAF)
Alr Densltty x H2320f Vap0nzanon x Comersion Facir Af 583 ievel = 4740 0 Af D2 attuoe = 4730 7 BTUMr-CFLY)
Suve Attuoe =400 2
TABLE 2: ZOMNE DATA
Zone Zol
Sencibie Zone Haati
Loa T-stat Alrniow un

|Zons Nams 1 L ICFI)
Zote 1 183252 Coolhg 2033 0

Air Densily x Heat Capacity x Conversion Factor: At sea level = 1.080; At site altitude = 1.058 BTU/(hr-CFM-F)

Air Density x Heat of Vaporization x Conversion Factor: At sea level = 4746.6; At site altitude = 4650.7 BTU/(hr-CFM)

Site Altitude = 564.0 ft




[LOAD CALCULATIONS]

Location: Port of Spain, Trinidad & Tobago

Altitude: 40.0 ft.

Data for: July DESIGN COOLING DAY 1900

Specific Humidity ( Ib/lb )
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Blank Page




Workshop 2 Inputs

The second workshop consists of entering the details for Wing “D” and modeling a VAV air
system as our base design. School is in session 10 months of the year at full capacity with

classes held from 08:00 to 16:00. The regular school year is from August through May with
summer school held during June where we take advantage of a reduced occupancy schedule
from 08:00 through 12:00. The school is shut down for summer during July where occupancy
schedules are set to minimums.

The following are details for the Spaces, Library Items and Air System Properties. For this workshop,
we enter details for one of the classrooms in wing “D".

Wing “D” Space, Schedules and Envelope Items for Classroom D104

D104 -Classroom

1. General Details:

Floor Area ..........c.......
Avg. Ceiling Height ....

Building Weight ...........ccooveevviiiiiiiiiiiiinine
1.1. OA Ventilation Requirements:
Space Usage EDUCATION: Classroom (age 9+)
OA Requirement 1 ......cooeeiviiiiiiiiieiiieens 10.0 CFM/person
OA Requirement 2 ..........ccccmmiiiiinesninanicias 0.12 CFM/ft?

2.1

N
-

(W< T:

=

3.1.

_L_LS

4. R

THE 7 SPACES REQUIRED
FOR WORKSHOP #2,3,&4
WILL BE IMPORTED VIA
“IMPORT HAP PROJECT
DATA” FROM THE
“TRINIDAD LOADS SOLVED
2017” PROJECT ARCHIVE
WE RETRIEVED AND
SAVED.




[LOAD CALCULATIONS]

Exp. Roof Gross Area (ft?) Roof Slope (deg.) Skylight Qty.
H 840.0 0 0
4.1. Construction Types for Exposure H
ROOf TYPE ..o Flat Roof - Classrooms
5. Infiltration:
Design Cooling .......ccceevvvevniieeciiineeiinnne. 0.200 CEM/ft?
Design Healing wassssanmnnnssinins 0.30 CFM/ft?
Energy Analysis .......c.ccoeovvvveeeieeereeenenes 0.25 CFM/ft?
Infiltration occurs at all hours.
6. Floors:
TVDO v Slab Floor On Grade
FIOOr AT€a ..ot 840.0 ft?
Total Floor U-Value ..........ccccceevveeeecnnennn. 0.087 BTU/(hr-ft-°F)
Exposed Pafmeler .....uavaninaiimi 58.0 ft
Edge Insulation R-Value ........c.ccocviiininn. 0.00 (hr-ft>-°F)yBTU
7. Partitions:

(No partition data).

Lights - Classrooms (Fractional)

Hourly Profiles:

1:Design Day
Hour | 00 [ 01 [ 02 [03 [ 04 [ 0506 [07 [08 [09 [10 [11[12[13[14 [15[16 [17 [18 [ 1920 |21 | 22 | 23
valwe |10 [10 [ 10| T S 10 [10 [ 10 [ 10 | 10
NEW CLASSROOM SPACE SCHEDULES
2:Summer School
Hour Too To1 Toz T4 AS SHOWN HERE WILL BE IMPORTED TR A N D
vae[ 5 [ 5 [ 5 [ | VIA“IMPORT HAP PROJECT DATA” AS 55551
s:summer shudown | PART OF THE IMPORTED SPACES
Hour | 00 | 01 | 02 | 19 |20 | 21 | 22 | 23
Value| 5 [ 5| 5 | 5N T T e e e & |5 | 5.5, 5
Assignments:
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Design| 1 1 1 1 1 2 3 1 1 1 1 1
People - Classrooms (Fractional)
Hourly Profiles:
1:Design Day
Hour [ 00 (01 |02 |03 |04 05|06 |07 |08 |09 |10 |11 |12 |13 |14 |15 |16 (17 |18 |19 |20 | 21 | 22| 23
Value| 0 |/ O | 0| O|O| 0| 0|5 |100[100|100|100|100|100(100|100(40 |10| 0 |0 |0 | O | 0| O
2:Summer School
Hour | 00 [ 01 |02 (03 (04 (05|06 |07 (08|09 |10 |11 |12 |13 |14 |15|16 (17 |18 |19 |20 | 21 | 22| 23
Value| 0 |0 (0| 0| O0]|]O0O]|]O0O]|]O0O|40|40|4d0|40|40|10| 0| 0| 0|0|o0o|lo|o|lo|]o]o
3:Summer Shutdown
Hour | 00 | 01 (02 (03 |04 (05|06 |07 |08 |09 |10 |11 |12|13 |14 |15 |16 |17 |18 |19 |20 21|22 23
Value | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Assignments:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Design 1 1 1 1 1 2 3 1 1 1 1 1




Wing “D” Space, Schedules and Envelope Items for Classroom D104 (Cont.)

Classroom Wall

Wall Details

QOutside Surface Color ...........ccoveneee Medium
ABSOpVIY s 0.675
OvBraIlU-Vallie .onpasmmumsmnnnnn 0.046 BTU/(hr-ft>-°F)
Wall Layers Details (Inside to Outside)
Thickness Density| Specific Ht. R-Value Weight
Layers in Ib/ft*| BTU / (Ib - °F)| (hr-ft>-°F)/BTU Ib/ft?
Inside surface resistance 0.000 0.0 0.00 0.68500 0.0
1/2-in gypsum board 0.500 50.0 0.26 0.44803 2.1
R-19 batt insulation 6.000 0.5 0.20 19.23077 0.3
1/2-in gypsum board 0.500 50.0 0.26 0.44803 2.1
4-in face brick 4.000 125.0 0.22 0.43290 4.7
Outside surface resistance 0.000 0.0 0.00 0.33300 0.0
Totals 11.000 - 21.57773 46.1
Casement Window
Window Details:
Detailed 10puUt w..ownaaansai Yes
HEIGNE ..ot 8.00 ft.
WD oo 4.00 ft.
EIame TVDE s Vinyl
Internal Shade Type ......cccccceeceviirniniinnne None
Overall U-Value ........cccoovviiiiniiiinieiennne. 0.346 BTU/(hr-ft*-°F)
Overall Shade Coefficient ...........c.cocu.. 0.459
Glass Details:
(- Tolif 5, o] - RSO 1/4" Air Space
Glazing Glass Type Transmissivity Reflectivity Absorptivity
Outer Glazing 1/4" bronze reflective 0.312 0.305 0.383

Glazing #2 1/4" grap==

Glazing #3 aae] NEW CLASSROOM WALLS AND WINDOW
Note: The glazing Tre ASSEMBLIES AS SHOWN HERE WILL BE sed on the glazing

type. IMPORTED VIA “IMPORT HAP PROJECT
DATA” FROM THE PREVIOUSLY SAVED
Casement Reveal “SOLVED” HAP PROJECT. WHEN WE

BRING IN SPACES VIA IMPORT, ALL THE

e ASSOCIATED WALLS, ROOFS, GLASS, b
AND SCHEDULES WILL COME ONBOARD. } i

Left Fin:
Projection from surface......... oo L= e e L L e o0 in
Height above window ..............ccoevieeiivneenn. 0 0 in Height above window.........cccccceeiiicnnnnn. 0 0 in
Dist. from edge of Window ..........ccccecvveennee. 0.0 in Dist. from edge of window.........c.ccocevene 0.0 in




Typical Entry Door

Door Details:

GroS8 A3 ..uimvissiissniimstsiiisiisisie 48.0 ft?

DOOr UValUR .o 0.210 BTU/(hr-ft-°F)
Glass Details:

Glass AT .......covueeeriieeeeeee e e e 46.0 ft?

Glags L=Value uwmsmasmnmmisssssamism 0.580 BTU/(hr-ft*-°F)
Glass Shade Coefficient ...........ccceeeevveeenn. 0.459
Glass Shaded All Day? ......cccccovvvvvieciiinnnennen No

HINT: For the roof assembly, start with selecting the medium weight roof from the drop down and edit the
values as shown in the roof details below. To add a layer, right mouse click on the table and select insert,
then define the new layer properties.

Flat Roof - Classrooms

Roof Details
QOutside Surface Color ............. ... Medium
ABSOTPHVILY ...vovvieeeiiieeiiiiecicirr et ernaseenns 0.675
Overall U-Value ........cccooeevvinicinieeieieecnne, 0.040 BTU/(hr-ft>-°F)
Roof Layers Details (Inside to Outside)
Thickness Density| Specific Ht. R-Value Weight
Layers in Ib/ft*| BTU / (Ib - °F)| (hr-ft*-°F)/BTU Ib/ft?
Inside surface resistance 0.000 0.0 0.00 0.68500 0.0
Acoustic tile 0.750 30.0 0.20 1.79000 1.9
Ceiling air space 0.000 0.0 0.00 1.00000 0.0
22 gage steel deck 0.034 489.0 0.12 0.00011 1.4
R-20.0 board insulation 3.000 2.0 0.22 20.83333 0.5
Built-up roofing 0.375 70.0 0.35 0.33245 2.2
Outside surface resistance 0.000 0.0 0.00 0.33300 0.0
Totals 4,159 - 24.97389 5.9

NOTE: The database does not include an R-20 board insulation layer. Start with an R-14 board insulation
and edit the name. To increase the "R" value for this layer, adjust (by trial-and-error) the layer thickness
until achieving the appropriate “R" value. Using this procedure creates an accurate Transfer Function Co-
efficient resulting in an accurate heat transfer analysis.

Save our Trinidad Loads project. Next, using
the “Import HAP Project Data” feature under
the Project item on the HAP Menu Bar and
highlight the Project “Trinidad Loads Solved
2017” and click OK. Select the remaining 7
designated spaces and click on Import. See
Figures next page for details.




Figure 1.34a — Import HAP Data

ﬂ HAP46 - [HAP 4.6 for System Design Loads Import HAP Data] 3

Project ‘Edﬁe;v Report-;__\'\;’izards I-]J_
! New

‘ Open..
Save
Save As...

|
| Delete...
Properties

! Archive HAP v4.6 Data...
[ Retrieve HAP vd6 Data..
Convert HAP v3.2 Data...
Convert HAP v4.x Data..

Publish Equipment Sizing Requirements...
Send Email to Sales Engineer

Export to Engr. Economic Analysis

| Import HAP Project Dataz - |
Import gbXML... b

1 - HAP 4.6 for System Design Loads Import HAP Data

Figure 1.34b — Import HAP Data

=3

. -ad e
| IMPORT FROM “TRINIDAD
| LOADS SOLVED 2017”

WHEN WE BRING IN SPACES VIA

o IMPORT, ASSOCIATED WALLS, ROOFS,
| GLASS, AND SCHEDULES WILL COME
WITH THEM.

i) Select Project




Figure 1.34c — Import HAP Data

v

Data Categories

Fuel Rates

ﬁ Select Data to Import

Select Data to Import From Source

[LOAD CALCULATIONS]

Contents of Current Project

§EanS

SEECES

—

-
|
|

C 126A Gym Spectatord

C 126B Gym Play Area
v D 100 IT Server Room
v D 101 Classroom
v D 102 Classroom
v D 103 Classroom

D 104 Classroom

CHECK THE REMAINING (7
TOTAL) CLASSROOM SPACES,
SERVER ROOM, VESTIBULE, AND

CORRIDOR.

Select Al

Unselect All |

1.34d — Import HAP Data

v

Import Data

X%

Help ‘

)

The following items were selected for import
Is it OK to continue?

RSP H EOn0FD

o000 00CO0O00O0O

0 Design Weather
0 _Simulation Weather

7 TOTAL SPACES TO IMPORT
U Bunangs

I
Schedules
Walls
Roofs
Windows
Doors
External Shading Geometries
Chillers
Cooling Towers
Boilers
Electric Rates
Fuel Rates

Figure




Figure 1.34e — Import HAP Data

Import Data ﬁ

Data import was successful
The following items were imported:

/\..:.

0 De5|gnWealher
ation Weather

Systems
Plants
Buildings
Schedules

0

0

0

5

1 Walls

1 Roofs

1 Windows
1 Doors

1_External Shading Geometries
0 Chillers

0 Cooling Towers

0 Boilers

0 Electric Rates

0 Fuel Rates

When Importing Spaces, the Import
includes All data linked to the spaces
i.e. Schedules, Walls, Roofs etc.

[click OK to ﬁnlshEr e

= _ b |

Y — i

Figure 1.34f — Import HAP Data IF YOU IMPORTED
ANYTHING AND IT WAS
ALREADY IN THE

@ HAP46 - [HAP 4.6 for System Desngn Loads Import HA

Project Edit View Reports leards Heip
se@ma@m - mn (5| PROJECT, HAP PUTS A (1)
£ HAP 461
wp ioiorsysemdes soews || AFTER IT.....
% Weather [ <MNew defauit Schedule>
@ Spaces mEqulpmenl T
[ Systems
£ Plants o rracnons
| @y Buildings Fractional
| = B Project Libraries lWCIccupled Schedule Gym Fan & Thermostat
i 3 Schedules Fractional
& Walls Fractional
& Roofs | eople Comdors Fractional
Eﬂ N Wil Peaple Gym Fractional
Doors ﬂPeople IT Room Fractional
‘® Shades Al T-Stat Schedule Classroom Fan & Thermostat

In our next step for workshop # 2 we will create a
new VAV air system to handle the (7) Wing “D”
spaces that we imported in the previous step.




AUTHORIZED

Wing “D” Air System Properties

Our base air system design for the classroom wing includes a chilled water VAV air
handling unit and VAV boxes with no reheat coils. Please refer to the following air
system properties and enter these items into a new air system in our project.

DEFINE AIR SYSTEM FOR CLASSROOM WING
1A - Air System Properties - General Tab

Figure 2.1 - Air System General Tab

F
[& Air System Properties - [A09-Project 2-Wing "D" CW VAV]

onents | Zone Components | Sizing Data |

—_—

Air System Name ®AGS-Pmiect 24Wing "D"' CW VAV

Equipment Type ® Chilled W ater Air Handling Units :ﬁ
Air System Type 3 Vi \ :ﬁ
Number of Zones (4 )7

1. Enter Air System Name
2. Select Equipment Type from dropdown
3. Select Air System Type from dropdown
4. Enter Number of Zones

oK Cancel Help |

Enter the following Air System data under the General tab:

1. Enter Air Handling Unit Name you want for this project. We named our system
AQ09-Project 2 Wing “D” CW VAV to distinguish it from other design scenarios.

2. From the dropdown, select the Equipment type for the base design case. For our
project we chose a Chilled Water Air Handling Unit per the owner’s request for a
chilled water central plant. The owner chose not to go with packaged RTUs to
minimize sound and maximize flexibility for zoning.

3. Select the Air System Type from the dropdown. The owner decided to investigate
VAV central station air handling units for Wings “B”, “C” and “D”.

4. Enter the number of zones for this air system. In our case we have seven (7)
total zones. A zone represents one thermostat control for a zone terminal unit. A
zone contains one or more spaces.




2A - System Components — Ventilation Air Data

Figure 2.2 - System Components — Ventilation Air Data

[E] Air System Properties - [A09-Project 2 Wing "D" CW VAV]

General | System Components | 2 Components | Sizing Data | Equipment |

v Ventiation Ar entilalion Air Data
lv Economizer Airflow Control (1 Hconstanl
[ Vent. Reclaim

(W) Ll

ity M ethiod _
UNCHECK PREHEAT COIL | @ASHHAE 5td 62.1-2007

Il] 4

1] gl

| |none|

I Dehumidification T ~ .
; t =
¢ Central Cooling noce. Damper Position ‘]X'md
[v Supply Fan Damper Leak Rate
lv Duct System Minimum CO2 Differential h,",—-_ ppm
H .
- Hemken M aximum CO2 Differential 700 ppm

i Outdoor Air CO2 Level ‘ 5 !385 ppm
; Select Airflow Control from dropdown

. Select Ventilation Sizing Method from dropdown.

. Enter Damper Leakage Rate

Cancel |

. Enter Qutdoor Air CO2 Level

Enter the following System Components Ventilation Air Data:

1. Select Airflow Control from dropdown. For this system we use the constant
airflow control for sizing the system ventilation air quantity

2. Select Ventilation Sizing Method from dropdown. We apply the ASHRAE Std.
62.1-2013 procedures in determining the system ventilation air quantity.

3. Select “Unoccupied” damper position radio button. To conserve energy we chose

to close the outdoor air damper when the building is unoccupied.

4. Enter Damper Leakage Rate. We assumed a tight seal damper with 3% leakage

rate.

5. Enter the Outdoor Air CO; Level in parts per million. The 385ppm value derived
from the WMO* was the average for 2009. The past decade shows an alarming
average annual increase of 0.5% and the major contributor to greenhouse gases

and global warming.

*WMO = World Meteorological Organization




2B — System Components - Economizer Data

Figure 2.3 - System Components — Economizer Data
[&] Air System Properties - [ADD Project 2 Wing D CW VA i
I'*"‘2’ 1 Zone Components | Sizing Data | Equipment |

v Ventilation Air Economizer Data

v :Economizer @

" Cantral
BN T Integrated enthalpy control L]

[ Precool Coil Upper Cutaff
Preheat Coil
Humidification Lower Cutoff

Dehumidification
1. Select the Economizer Control from dropdown

Central Cooling - 5 enter the Upper Cutoff temperature for economizer operation
Supply Fan 3. Enter the Lower Cutoff tempeature for economizer operation
Duct System

Retum Fan UNCHECK PREHEAT COIL
NO ECONOMIZER

0K I Cancel

Enter the following System Components Economizer Data:

1. Select the appropriate economizer control from the dropdown. We chose an
integrated enthalpy controller that compares return air enthalpy to outdoor air
enthalpy and determines the best source of air to satisfy the current system load.
Economizer dampers modulate to introduce sufficient outdoor air to eliminate the
need for mechanical cooling, or 100% outdoor air if mechanical cooling cannot
be completely eliminated.

2. Enter the upper limit cutoff. This setting determines the maximum outdoor air
temperature used for economizer operation. When outdoor temperatures exceed
this input, the outside air damper goes to minimum position.

3. Enter the lower limit cutoff for economizer operation. This setting determines the
minimum outdoor air temperature used for the economizer operation. When
outdoor temperatures fall below this setting, the outdoor air damper moves to
minimum position.




2C — System Components — Preheat Coil Data

Figure 2.4 - Air System Properties — System Components — Preheat Coil Data
F

[& Air System Properties - [A09-Project 2 Wing "D" CW VAV]
2 {

G System Components § Zone Components | Sizing Data |

v Yentilation Air Preheat Coil
[v Economizer

[ Went. Reclaim Setpoint ( 1 ?IEG,D '

[ Precoal Cail el -
 Perearca) C )05 (2 )JHotwate %
[7 Humidification 7 Schedule 3 (TTFTMIATMITTITaTs T )
[ Dehumidification

v Central Cooling ~ Coil Position ‘ 4 ! Upstream of Mixing Point
-&) ownstream of Mixing Point

v Supply Fan
[v Duct System
[~ Retun Fan

UNCHECK PREHEAT COIL

Ok | Cancel Help




2D-System Components - Central Cooling Coil Data

Figure 2.5 - System Components - Central Cooling Coil Data

| [ ir System Properties - [A02 Project 2 Wing D CW VA

1 :2’; System Components | Zone Components | Sizing Data | Equipment |
v Ventilation Air Central Cooling Data
[v Economizer .
[ Vent. Reclaim Supply Temp.
™ Precoal Coil Coil Bypass Factor
[v Preheat Caoil Cooling Source ; il
[ Humidification Schedile FWEROOERRRE
' [ Dehumidification _

| ECentra!_l:ou!in-

4 Temp. Reset by Rreatest Zone Demand _%s ]
v Supply Fan :

F

Jv DuctSystem  OAT for Min Supply Te 95.0 F

[ HetunFan DAT for Max Supply Temp  [377) °F
1. Enter Supply Air Temp.
2. Enter Coil Bypass Factor
3. Define Schedule

4, Select Capacity Control from dropdown
5. Enter Max Supply Temperature

 S—

Enter the following data into the Central Cooling Coil data:

1. The only option used as an anchor for calculating coil loads in a VAV air
system is SAT Supply Air Temperature. This temperature represents the air
temperature in the primary supply air duct entering the VAV terminal device.

Enter Supply Temp: 55°F

2. The Coil Bypass Factor represents the percentage of supply air passing
through the cooling coil without making direct contact with the coil.
Considered as the airside inefficiency of the cooling coil. These values
depend on the coil configuration, coil area, air volume and velocity. Enter the
Coil Bypass Factor of 0.05. The cooling source defaulted to Chilled Water
from our equipment type selection under the general tab.




3. The schedule represents cooling availability and defaults to all months
activated. Click on a month to deselect it. For our project we have cooling and
heating available all 12 months.

Capacity Control: Temp. Reset by Greatest Zone Demand
Max. Supply Temp: 65°F

(0§ Microsoft



[LOAD CALCULATIONS]

2E-System Components - Supply Fan Data

Figure 2.6 - System Components — Supply Fan Data

lEAir System Properties - [A09-Workshop 2-Wing D-VAV]

System Components | Zone Components I Sizing Data ]

v Ventilation Air

v Economizer

Supply Fan
Fan Type

==
1 )BI/AF with Var. Speed Drive .

2 ® Draw-Thru

I” Vent. Reclaim Configuration " Blow-Thru

[ Brecool Cail Total Static v|300 (3 in. wg.

. FreheetGol Overall Efficiency IE**_ 4 %

" Humidification \ r

I Dehumidification %Aiflow 100 90 80 70 B0 50

lv Central Cooling ZKW i l \ [ |
' . NN
SUpplFen %Aiflow 40 30 20 N0 0

v Duct Syslem %KW | I \ [

™ Return Fan

. Select Fan Type from dropdown

. Select Fan Configuration radio button

. Select and enter Fan energy units

. Enter Overall Fan Efficiency, or accept default value

o]

BWN =

Cancel

Help l

Enter the following data into the Supply Fan Data form:

Fan Type:
Configuration:
Select fan energy:

BI/AF w/ Variable Speed Drive
Draw Through
Total Static Pressure

Enter Static:
Overall Fan Efficiency:

3.00 in.wg.
42%

HAP creates the part-load fan curve for a “generic” selected fan type, based on the
above inputs.




2F. Enter Duct System Data

Enter Supply Duct Heat Gain: 00%

Enter Supply Duct Leakage: 00%
Return Air Via: Return Plenum

Wall Heat Gain to Plenum: 25%

Roof Heat Gain to Plenum: 70%

Lighting Heat Gain to Plenum: 30%

Figure 2.7 - Duct System Data

[@Air System Properties - [A09-Workshop 2-Wing D-VAV]

G I System Components IZone Components I Sizing Data ]
v Ventilation Air Duct System Data
lv Economizer Supply Duct Data
I Vent Reclaim Duct Heat Gain ~J0 %
™ Precool Cail (] S
o : Duct Leakage 0 A
v Preheat Coil
I” Humidification
i Return Duct or Plenum Data
" Dehumidification e X No PREHEAT COIL
x _ Return Air Via (" Ducted Return
v Central Cooling R Bobim Arr Flenin
v Supply Fan :
Wall Heat Gain to Plenum I25 %
v_Duct Systemi | )
= = Roof Heat Gain to Plenum ( lrg %
Lighting Heat Gain to Plenum
1. Enter 0% for Duct Heat Gain and Leakage
2. Select Return Via Plenum
3. Enter Wall, Roof and Lighting Heat Gain to Plenum i I
| Help
T - : = |

The following exercises walk us through the steps in defining the Zone Components.
Click on the “Zone Components” Tab to enter the zone information. In the Zone
Components input form we link the spaces to the zones, define the thermostat details
and link the fan/t-stat schedule to our air system. We also enter the details about the
zone terminal equipment by selecting the terminal unit type and defining the component
details. If any of the zones include heating from fin-tube radiation or cabinet unit heater,
we model that in the zone heating input under the zone components tab. The following
exercise takes us through this input form.

Assign the following spaces to zones. Note: you can edit the default assigned zone
name by clicking on the zone name field and typing in the terminal unit ID tag. Refer to
Figure 2.8 below.




3A-Zone Components — Space to Zone Assignments

Figure 2.8 - Space(s) to Zone Assignments

I@Air System Properties - [A09-Workshop 2-Wing D-VAV]

General | System Compa Zone Components §Sizing Data ]

s . 3. Enter Zone Name Her
Space Assignments 06 Name. H1a

v Thermostats Zone 1 of 7
¥ Supply Terminals Spaces
v Zane Heating Units

NO ZONE HEATING

D102-Cla;
D103-Classroom

D104-Classroom
D105-South Vestibule
D114-Corridor

1. Highlight the space(s) to add to Zone 1

2. Click the Add button to link space(s) to Zone 1

3. Highlight Zone field and enter desired Zone Name

4. Click the Next button or the dropdown to move to the next Zone

OK ] Cancel Help

3A. Assign Spaces to zones




3B-Zone Components - Thermostat and Zone Data

Figure 2.9 - Zone Components —Thermostat and Zone Data Settings
[ =

[& Air System Prupertiés - [AOQ Project 2 Wi

Themostat and Zone Data
'}T/ﬁll zone Tstats set the same 4 | Zone 1 of 7

Supply Teminals

Zone Name |D1001T Room

lv Zone Heating Units  Cooling T-stat Setpoints oce. [780_F WEWILL
Heating T-stat Setpoints oce. [70.0 °F CONFIGURE TO
T-stat Throttling Range s °F 75F COOLING AND
Diversity Factor [loo % 85F AT NIGHT
Direct Exhaust Airflow 00 CFiM

Direct Exhaust Fan KW/
Shared Data

Thermostat Schedule |

IDccupied Schedule Classroom %
"wvailable " Mot available

Unoccupied Cooling is

o]

Cancel | Help |

Leave check in box all zones set the same for now and enter the details for the
Classrooms. .
For Typical Classroom Zones, enter the following data:

Cooling T-stat Setpoint: 75°F occupied
85°F unoccupied
Heating T-stat Setpoint: 70°F occupied

60°F unoccupied

T-stat Throttle Range: 1.5°F
Diversity Factor: 100% (No diversity)
Direct Exhaust Airflow: 0.00 CFM
Direct Exhaust kW: 0.0 kW

Click on the Thermostat schedule drop down and select <create new>, select the
Fan/Thermostat Schedule radio button and create the following T-stat schedule

and profiles.

Figure 2.9B - Create Fan/Thermostat Schedule




@ Schedule Properties - [T-Stat Sched

S S
Hul
=

(D

- | Hourly Profiles | Assignments |

Schedule NamLHTStat Schedule Classroom ( 22 '

Schedule Type: (" Fractional  (People, Lighting, Equipment,
Mizc. Sensible, Misc. Latent,
Ventilation Airflaw, Domestic
Hot W ater, Misc. Electric,
Misc Fuel]

1 (+ Fan/Thermostat l
" Utility Rate Time-of-Day

1. Select Fan/Thermostat Schedule Type
2. Enter Schedule Name

Cancel |

Figure 2.9C — Create Fan/Thermostat Hourly Profiles

e e
[l Schedule Properties - [T-Stat
Schedule Type | Houry Profiles
Profile: |Design Day
~ 1:Design Day

jll] |Unoccupied

3Profile Thiee @ |  4:Profile Four &

| BProfile Five &| BProfile Sk &

7:Profile Sever®| 8:Profile Eight &

Enter Profile names and configure
Occ/Unoccupied hours

oK | Ccancel

Figure 2.9D — Fan/Thermostat Schedule Assignments




e - —— -
@;TL[E Schedule Properties - [T-Stat Schedule Classroom]

==

Schede Type | Houy Proies Assign Profiles to Design Day
Months | 1:Design Day 2:5ummer9:,_éuo! |
J FM A M A S OND IX
Design [T 1111|1211 [1[1][1] |~ = -
Mon. 2|2(2]|2|2]|2 e o o e i
| 3 2l2dal 21 2 12 ] 2 | o et L
Schedule Name: Occupied Schedule Classroom
Profile One: Design Day
Hours 00 — 05: Unoccupied
Hours 18 — 23: Unoccupied
Hours 06 - 17: Occupied
Profile Two: Summer School
Hours 00 - 05: Unoccupied
Hours 14 — 23: Unoccupied
Hours 06 — 13: Occupied

Assign Profile 1 to Design Day all

months except July. Assign Profile 2 to Design Day for

July only. Upon completing this exercise, click the OK button, which returns you to the T-
stat settings input screen. Select the Unoccupied Cooling “Available” radio button.

Return to the “All Zones Set the Same” check box and remove the checkmark,
then navigate to Zone D100 IT Room (Zone 1) and enter the following data for the

IT room.
Cooling T-stat Setpoint:

Heating T-stat Setpoint:

T-stat Throttle Range:
Diversity Factor:
Direct Exhaust Airflow:
Direct Exhaust kKW:

78°F occupied (ZONE 1,6,7)
85°F unoccupied

70°F occupied

60°F unoccupied

1:5°F

100% (No diversity)

0.00 CFM

0.0 kW

Enter these same values for the D105 South Vestibule (Zone 6) and the D114

Corridor Zones (Zone 7).




3C-Zone Components — Supply Terminal Data

Figure 2.10 - Zone Components — Supply Terminal Data
'1'"-@ Ajr System Pmpertie 'lr' Project 2 Wi g D CW VAV] e
General | Sypstem Eompo Sizing Data | Equipment |

v Spaces Supply Terminal Data
¥ Themmostats v 4l zones are the samaf( 1 L _| Zone Al of 7

v Supply Terminals | C kone | A Zoros |

[v Zone Heating Units NO BOX REHEAT
FOR TRINIDAD

Terminal Type

Minimum Airflow

I Tatal Static wwa. |
Fan Overall E fficiency e T
Design Supply Temp | ‘F

Shared Data 41
Reheat Coil Heat Sourc Hot Water _'_|
Reheat Coil Schedule — [J[F[M[alMIJ Ty Tals[a/ND

oK | Cancel J Help j

1. Leave the check in the checkbox All zones are the same.

2. Select Terminal Type from the dropdown. For this wing of the project we chose
VAV boxes without reheat coils.

3. Select the CFM/ft? Minimum Airflow setting from the dropdown and enter the
minimum airflow as 0.40 CFM/person. We defaulted to this value to meet the
ASHRAE 90.1-2013 Appendix G requirements. Note: Minimum airflow is
calculated based on the maximum number of occupants in the zone.




3D-Zone Components — Zone Heating Unit Discussion

Figure 2.11 - Zone Components — Zone Heating Units

1. The default setting for zone heating units is that All zones are set the same
and the zone heating unit type is “none”. Removing the check from the
checkbox allows us to navigate to the desired zone and select the desired
Zone Heating Unit Type.

ZONE HEATING FOR
DISCUSSION ONLY.




4A-Sizing Data — System Sizing Data
Figure 2.12 - Sizing Data — System Sizing Data
I@ Air System Properties - [A09-Project 2 Wing "D" CW VAV]

General| System Components | Zone Com[ : ] Sizing Data

Q? System Sizing Data

v ZoneSi Sizing Data
v Zone Sieing Cooling Supply Temperature | ‘F
Supply diflow Rate ] CFM
Sizing Data is Yentilation Airflow Rate I CFM

Heating Supply Temperature F

Hot Deck Supply Airflow Rate [ CFM

Cnmputer 1
‘ Generated /
sef -

Defined

Hydronic Sizing Specifications il

Chiled Water Deta-T [120 'F COMPUTER GENERATE
Hot "Water Delta-T W * SYSTEM SIZING

0K | Cancel




4B-Sizing Data — Zone Sizing Data

Figure 2.13 - Sizing Data Tab — Zone Sizing Data
I@ Air System Properties - [A09-Project 2 Wing "D" CW VAV]

| Sizing Data |
[v System Si

B, Zone Airflow Sizing Method |F‘eak zone sensible load -
W

Space Airflow Sizing Method [Enincident space loads

General | System Components | Zone Com

Zone Sizing Data

Sizing Datais Zone i::gnpli Zoﬂii};ﬂg Reheat Cof FT:':EX
‘ CFM MBH MBH CFM
10017 Room : | | | !
et TV D101 Classroom | i | I
" Defined D102 Classroom l | [ I
D103 Classroom I | [ |
D104 Classroom l ] I l
D105 South Vestib | i | |
D114 Corridor | [ I | =

o]

For sizing the Zone and Space airflows enter the following data in the Sizing Data Tab-
Zone Sizing:

Cancel ] Help

1. Select Computer Generated to have HAP calculate the sizing results.

2. Select “Peak zone sensible load” from the Zone Airflow Sizing Method to
calculate the zone terminal unit required peak airflow rate. Then select the
“Coincident space loads” from the Space Airflow Sizing Method dropdown to
calculate the space airflow rates.

Please refer to Appendix B “The Sizing Dilemma” for a detailed discussion on the Sizing
Data method options.

At this point we are ready to calculate the air system design load. In the HAP programs
window with the Systems displayed on the detail screen, highlight the newly created air
system and select the reports to preview. The following pages contain the air system
input details and the design load reports.

(M Microsoft



Air System Input Details

A09 Project 2 Wing D CW VAV Input Data
VE 1 SOLVED

-

. General Details:
Air System Hame,
Eguipment Type
Air System Type
Number of zones ,

A09 Project 2 VWing D CW VAV
.. Chilled Water AHU
VAV

2. Ventilation System Components:

Ventilation Air Data:
airflow Control ................
Ventilation Sizing kiethod
Unoce. Damper Postion ,
Damper Leak Rate

Constant Ventlation Airflow
.. ASHRAE Std 62.1-2007

Cutdoer &ir CO2 Level . gpm
Economizer Data:

Control ;...

Upper Cutoff, F

Lowser Cuteff, ., 'F
Central Cooling Data:

Supply Air Temperature . *F

Coil Bypass Factor,,

Cooling Source,

Schedule ..., JFRAMJJASOND

Capacity Centro Tenmperature Reset by Greatest Zone Demal

Wax. Supply TEMPEBIUTE .................occoiecisiviiens i issiisssisarssssssssisasassiioss G0N0 °F
Supply Fan Data:

Fan Type ., ... BUAF with Variable Speed Drive

Configuration . Dravethru

Fan Performance .3.00 inwg

Overall E ficiency %

% Airflon| 100 %0 80 70 60 50
% kW| 100 £fd 57 42 30 21
%z Airflow| 40 20 20 10 0
% kW] 1S 13 10 7 5




Duct System Data:
Supply Duct Data:

e G T ———— 0 %
PUCT LEBRAGE o o e R s Frasassap st asatr 0 %

Retum Duct or Plenum Data:
Return &ir Via ... s T TOSEIITEATT Plenium

Wall Heat Gainto Plenum e, 25 %
Roof Heat Gain te Plenum .. 70 %
Lighting Heat Gain 1o PIBNUM ... 30 %

3. Zone Components:
Space Assignments:

Zone 1: D100 IT Roomr :

D 100 IT Server Room x1
Zone 2: D 101 Classroom

D 101 Classroom x1
Zone 3: D 102 Classroom

D 102 Classroom 2]
Zone 4: D 103 Classroom

D 103 Classroom x1
Zone 5: D 104 Classroom

D 104 Classroom x1
Zone 6: D 105 South Vestibule

D 105 South Vestibule x1
Zone7: D 114 Comidor

D 114 Corridor x4




%Them}osta!s and Zone Data:

T-Stat Direct
Cooling T-Stat | Cooling T-Stat | Heating T-Stal | Heating T-Stat Throtding Diversity Exhaust Direct
Zone Occ. Unocc. Occ. Unocc. Ranae Factor Airflow ExhaustFan
(*F) *F) (°F) (°F) (°F) (%) (CFM) (W)
1 78.0 88.0 70.0 80.0 1.50 100 0.0 0.0
2 75 85.0 70.0 60.0 1.50 100 0.0 0.0
3 75.0 85.0 70.0 §0.0 1.50 100 0.0 0.0
4 75.0 85.0 70.0 50.0 1.50 100 0.0 0.0
5 75.0 85.0 70.0 60.0 1.50 100 0.0 0.0
3 78.0 85.0 70.0 60.0 1.50 100 0.0 0.0
7 78.0 85.0 70.0 50.0 1.50 100 0.0 0.0
Thermostat Schedule ., . T-Stat Schedule Classroom
Unoccupied Cooling is ... dissisniseaiass PGS
Supply Terminals Data:
ZOng........coevnnn e AN
Terminal Type . VAV box
LTy TTT =Y  S 0.40 CFIHt
Zone Heating Units:
Zone Unit Heat Source reeveeennenenn. HOt Vilater
Zone Heating Unit Schedule ., JFMAMJJASOND NO ZONE HEATING UN]TS
4. Sizing Data (Conmputer-Generated):
System Sizing Data:
Hydronic Sizing Specifications:
Chilled VWater Dehta-T -
Hot WWater Delta-T *F
Safety Factors:
Cooling Sensible %
Cocling Latent %
o

Heating .............

Zone Sizing Data:
Zone Airfiow Sizing Method
Space Airflow Sizing Method .

... Peak zone sensible load

.... Coincident space loads




[LOAD CALCULATIONS]

Air System Design Load reports

Air System Sizing Summary Report

Air System Information
Air System Name ..., A09 Project 2 Wing D CW VAV
EquipmentClass ... CW/ AHU
Air SystemType .................... T ) VAV

Sizing Calculation Information
Calculation Konths Jan toDec
SizingData ... P— Calculated

Central Cooling Coil Sizing Data

Total coil 1080 .............oooooiviiiciccee e Tons
Total coilload ... IWBH
Sensible coil load ... MBH
Coil CFM at Aug 1500 CFM
Max block CFM at Aug 1500 ..................ccoooeviinn, CFM
Sumofpeakzone CFM ... ..., 3344 CFM
Sensbleheat ratio ..........ommmamanmras 0.568

L L LT 250.2

BTOINGERTY . cummam s i 48.0

Water low@ 12.0°Frise.............................35.45 gpm

Preheat Coil Sizing Data
No heating coil loads occurred during this calculation.

Supply Fan Sizing Data

Actualmax CFM at Aug 1500 .............................. 3194 CFI
Standard CFIM . 3189 CFIA
Actualmax CFRUTE i 0.72 CFM/f*

Numberofzones ................oovviicciiivccaei 1
Floor Area
Location

Zone CFM Sizing Peak zone sensible load

Space CFM Sizing ................... Coincident space loads

Load occurs @t ...............cccceeciuiiieiinan. Aug 1500
OADB/WB ............ 93.0/78.2 °F
Entering DB/ WB 87.4/73.0 °F
Leaving DB / WB 5231519 °F
COlLADP e 505 °
BypassFactor ... 0.050
RESURNGRH ...ocom i siyaigig 51 %
Design supply temp. . L
Zone T-stat Check ... e d0f T OK
Max zone temperature dewiation ... 0.6 °F
FanmolorBHP ... oo s annnasy 3.37 BHP
Fan motor kKW KW
Fan static . ... n vg
CFMiperson ... vrirrieeiiiinen. 16,66 CF M /person




snouvinowoavor |



Zone Sizing Summary Report

Zone Terminal Sizng Data

Reheat Zone Zone
Desian | Minimum Reheat Coli HtgUnit | Hig Unit Mixing
suppy | Suppy Coll VWater Coll Water Box Fan
Alrtiow RKirfiow Zone Losa apm Lozo apm AlrTiow
LZom Nams (CFML | (CFM Crwrt (MBH! | @30O0°F | (MBH) | @300°F | (CFM
D1001T Room 210 14 599 aQ 0.00 00 0.00 "
D 101 Ciassroom 620 351 07e 00 .00 o 0.00 C
C 102 Ciassroom 20 351 07¢ 00 0 00 0 0
D 103 Ciassroom 620 381 07¢ 00 000 0.0 0.00 [
© 104 Ciassroom T8 351 093 00 0.00 00 000 4
C 105 South Vestule 114 35 1.30 00 0.00 o0 0. 0
O 114 Corridor 380 330 040 Q0 0.00 00 0.00 4
Zone Peak Sensible Loads
Zone Zone Zone
Cooling Time of Heating Fioor
Sensibls | Peak Sensible Load Arsz
Zone Hama {MEH) Coolinp Losd (MEH) (]
£1001T Room 52 Aug 12 00 35.0
D 101 Classroom 13.4 Aug 1500 01 S40 4
D 102 Ciassroom 134 Aug 1500 0.1 8204
C 103 Ciassroom 1348 Aug 1500 0.1 804
O 104 Cizsgroom 1€ gl Nov 1500 02 £:04
D 105 South Vestiule 23| Dec 1500 00 &80
D 114 Corridor £ 3] Aug 1500 0.0 950
Space Loads and Airflows
Time of
Cooling Pagk arr Heating Fioor
Zone Nams / Ssnsible | Ssnsible Flow Load Area Spacs
|_S0oace Name Myt | iuRH Load ICEM [MBH) il CEwnt:
D100!T Room
D 100 IT Server Room 1 S.2 Aug 1200 210 0.0} 350 599
D 101 Classroom
2101 Ciassroom 1 134 Aug 1500 620 01 800 0.72
D 102 Classroom
D 102 Ciassroom 1 13.4] Aug1500 20 Q.1 00 0.7¢
D 103 Classroom
D 103 Ctasgroom 1 13.4 AJg 1500 €20 Q1 3400 0.7
D 104 Classroom
D 104 Ciassroom 1 168  Nov 1500 750 02 800 0.3
D 105 South Vasubuke
D 105 South Vestbule 1 28 Dec1500 14 0.0 830 1.30)
D 114 Comdor
© 114 Corridor 1 48 Asg1sd0 380 00 9500 040




Ventilation Sizing Summary Report

Ventilation Sizing Summary for A09 Project 2 Wing D CW VAV

217 POS AS=RAS

1. Summary
Ventiation Sizing Meod ... ....,ASHRAE Stas2 1-2013
Design Conomion Minimum fiow (cooling)
Qoupam DURIERY (D) ............ccccoieeeeererenmnnnrererensnrnsrsresessmress 1000
Unoommeched OuO00r AR INEIKE (VOU.........c0evieeereneersrnscessossensasns uw A

System Ventixion EMciency (Ev). .,

OUNIOOTARIMBRRIN) . .. cooiiiiiiiinsisirssssssssnisnntosissans 1332 TP

2. Space Ventilation Analysis
Tima Paopla Ersatning
Minimum| Spacs Fioor | Area Outaoor Averagad| Outcoor Air Alr Spacs Zone Spac
Suppdy A Area AirRasts| Oocupancy Rats| Distribution| OutdooraAir] Outdoordir| ven
{CFM) i (CFwty| (Oocupants)| [CFIAparson) | E frectiveness {CFM) [CFM) EMmciancy

Zone Name / 3pace Name Muit. Vpz) [AT) [Ra) Pz) IRp) (Ez) [Voz) vbz) [Evz}f
D1901T Room

D 100 IT Semer Room 1 12 30 g g6 5.00 100 5 - 1455
D 101 Classroom

D 101 Ciassroom 1 351 3400 0.12 250 13.00 1.00 351 0802
D 162 Classroom

D 102 Cizssmom 1 351 8¢00 g.12 230 10.00 100 351 o3a2
D 183 Ciassroom

D 103 Ciassroom 1 331 5200 0.12 230 10.00 1.00 351 35 0332
D 184 Classroom

D 102 Ciassroom 1 351 3400 0.12 250 13.00 1.00 351 Q302
D 105 South Vastibule

D 105 Soun Vesthuke 1 35 380 g.06 1.0 0080 1.00 S 1652
D 114 Comidor

D 11¢ Conrigor 1 30 2500 Q.08 3.0 0.00 1.00 57 1652
Totals [incl Space Multiphars) 1832 1470 0302




[LOAD CALCULATIONS]

Air System Design Load Summary Report

DESIGH COOLING DE SIGN HEATING
COOLING DATA AT Auq 1500 HEATING DATA AT DES HTG
COOLINGOADB/WB 93.0°F/78.2°F HEATING OA DB/WB 69.4°F/57.7 °F

Sensible Latent Sensible Latent
ZONE LOADS Details (BTU/hr) (BTU/hr) Details (BTU/hr) (BTUI/hn)
VWindow & Skylight Solar Loads 480 f? 9891 - 480 fi* - -
Wall Transmission 982 fi? 738 - 982 ft* 27 -
Roof Transmission 4433 ft? 3142 - 4433 ft2 107 -
Window Transmission 480 f1? 2579 - 480 fi* 100 -
Skylight Transmission 0 fi? 0 - 0 fi? 0 -
Door Loads 48 f2 796 - 48 ft* 16 -
Floor Transmission 4433 fi2 0 - 4433 12 46 -
Partitions 0 ft2 0 - 0 ft? 0 -
Ceiling 0 fi? 0 - 0 fi? 0 -
Overhead Lighting 4708 W 8914 - 0 0 -
Task Lighting 2784 W 7520 - 0 0 -
Electric Equipment 2680 W 8535 - 0 0 -
People 110 18259 13965 0 0 0
Infiltration - 5791 10644 - 293 139
Miscellaneous - 0 0 - 0 0
Safety Factor 0% /0% 0 0 0% 0 0
>> Total Zone Loads - 66166 24609 - 589 139
Zone Conditioning - 73631 24609 - -2668 139
Plenum Wall Load 25% 457 - 0 0 -
Plenum Roof Load 70% 7332 - 0 0 -
Plenum Lighting Load 30% 4819 - 0 0 -
Return Fan Load 3194 CFM 0 - 1832 CFIM 0 -
Ventilation Load 1832 CFM 25946 668857 1832 CFI -6027 0
Supply Fan Load 3194 CFM 9133 - 1832 CFM -2524 -
Space Fan Coil Fans - 0 - - 0 -
Duct Heat Gain / Loss 0% 0 - 0% 0 -
>> Total SystemLoads - 121317 91466 - 11219 139
Central Cooling Col - 120747 91841 - -11219 0
Preheat Coil - 0 - - 0 -
>> Total Conditioning - 120747 91841 - -11219 0
Key: Positivevalues are clg loads Positive values are htg loads

Neaative values are htq loads Neaative values are cla loads




Let’s now run these reports....

System Design Reports @

Sizing Reports Table| Graph Time Specifications
! System Sizing Summary | - - . . !
| Zone Sizing Summary [ '
Ventilation Sizing Summary -
?
Diagnostic Reports Table| Graph Time Specifications
Systermn Load Summary I~
Zone Load Summary [v v Peak . . |
| | Space Load Summary v v Peak :
| Houly &ir System Loads | : . . i
Hourly Zone Loads M | IAugust b l To |Augusl > | i
i System Psychrometrics V | T |V Peak . g |
| s, |
Restore Defaults Print... | Preview... ] Cancel | Help | ‘

THESE REPORTS WE WILL REVIEW LIVE
IN CLASS
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Workshop 3 Inputs

In the third workshop of our project, we investigate an alternate air system for the classroom wing “D."
The alternate system design consists of a Terminal Unit Equipment Type and a seven (7) Zone 2 Pipe
Fan Coil air system type with a DOAS Common Ventilation unit that provides tempered neutral
ventilation air to each terminal fan coil unit.

We can reuse the spaces created in workshop 2 which include all linked schedules and building
envelope items. We assign the spaces to this alternate air system using the same zoning
strategy as the VAV system design. This allows for a quick comparison between systems.

Air System inputs for 2 Pipe Fan Coil Unit with DOAS
Under the General Tab of the air system properties form, enter the following data. Refer to Figure 3.1

for details.

Figure 3.1 - Air System Properties — General Tab

[ Air System Properties - [A03-Project 3 Wing "D" 4P FCU]

1 {ystem Components | Zone Components | Sizing Data |
-

Air System Name |A03-Project 3 Wing "D" 4P FCU

Equipment Type | Terminal Units =
Air System Type 2 PIPE FAN COIL

Mumber of Zones Wﬁﬁﬁ —
Ventilation " Direct Yentilation

* Common Yentilation System

| Cancel f

Select Terminal Units Equipment Type from the drop down and select 2-Pipe fan Coil as the Air System
Type. We model this system using the same zoning scheme as the VAV system in workshop 2, but
include a Common Ventilation unit also known as a DOAS system to provide neutral temperature
ventilation air to the terminal units.

The System Components tab includes inputs for the DOAS (COMMON VENTILATION) system only.




2A-Vent System Components — Ventilation Air Data

Figure 3.2 - System Components Ventilation Air Input Data
I@ i em Properties - [A09-Project 3 Wing "D" 4P FCU]

18 2 : il Zone Compnnentsl Sizing Data |
entilation Air Data
I Vent. Reclaim T Aiflow Control 1 Fcorsant ~|
lv Cooling Coil ‘o .
% Heating Col Yentilation Sizing Methad (2 )/ 5um of space 04 siflows -
[~ Humidification Minimurn Airflow 0 %
[ Dehumidification
] lJru:uneJ
v Went Fan ” D o
P
¥ Duct Siysheer nocc. Damper Position ( {
™ ExhaustFan Damper Leak Rate I(; %
Minimurn CO2 Differential 100 ppm
Maximum CO2 Differential 700 PRpm
Outdoor &ir CO2 Level @335 ppm
oK ] Cancel Help

1. Select Constant Airflow Control from dropdown.
2. Select “Sum of space OA airflow” from dropdown for the Ventilation Sizing Method.
3. Enter 385 ppm for Outdoor Air CO, Level.




[LOAD CALCULATIONS]

2B-Vent System Components — Cooling Coil Data

Figure 3.3 - Vent System Components Cooling Coil Data Input

IIE Air Siem Properties - [A09-Project 3 Wing "D" 4P FCU]

£ 2 Vent System Components | Zone Components | Sizing Data |

v Ventilation 4y~ Cooling Coil
[ Went. Reclaim

[ Cosing Col B ), Setoein D
v HeatingCall !
v e 2 o100

[ i Coil Bypass Factor
f IQH idification .
V 3 ;‘Chilled W ater -

[ Dehumidification Cooling Source
[v Went Fan

[v Duct System
[ Exhaust Fan

Schedule

A)TTFIAMIITITATs [N ID

NO HEATING COIL

(1] | Cancel

1. Enter a neutral temperature for cooling. This typically is the same as the t-stat cooling occupied

set point for the zones.

2. Enter a coil bypass factor which represents the air side efficiency of the coil. These values are
published by manufacturers and are calculated as follows:

Coil Bypass Factors are determined by the entering air conditions, leaving air conditions and average

surface temperature as detailed below:




85 90
L EEFAS VAT a1

Bypass Factor =

The Bypass Factor - BPF - (or BF) is commonly used to express cooling coil efficiency:
BPF = (hg - he) / (ha - he)
=(tg-tc)/(ta-tc)
= (xg - Xc) / (Xa - Xc) (2)
where
BPF = Bypass Factor (BF)
B = Contact Factor
X = specific humidity (kg/kg)
h = enthalpy (kJ/kg)

t = temperature (°C)
(Zis8 Microsoft




3. The Cooling source defaults to chilled water from our selection on the general tab for a 4 pipe
fan coil system.

4. The schedule of months with chilled water available defaults to all 12 months active. Click on
any of the months to deactivate.




2C-Vent System Components — Heating Coil Data

Figure 3.4 - Vent System Components — Heating Coil Data
[E4 Air System Properties - [A09-Project 3 Wing "D" 4P FCU]
2 Vent System Components | Zone Components | Sizing Data | Equipment |

entilation Air Heating Coil

v
Vent. Reclaim |
Cooling Coil Setpoint @lm— .
v Heating Coi ‘ | S

™ Humidification # Heating Sgurce
[~ Dehumidification  gohedule

v Vent Fan

v Duct System

[ Exhaust Fan

v
r
v

UNCHECK HEATING COIL

1. Enter Neutral Setpoint temperature
2. Select Heating Source from dropdown
3. Deselect month when heating source is unavailable

In our case we are not providing additional de-humidification in the summer or adding humidification in
the winter. To activate these inputs, check the box and complete the required inputs for these
components.

Next we model the fan characteristics for the DOAS. Refer to details in Figure 3.5




[LOAD CALCULATIONS]

2D-Vent System Components — Vent Fan Data

Figure 3.5 - Vent System Components — Vent Fan Data
I Air System Properties - [A09-Project 3 Wing "D" 4P FCU]

4§ Vent System Components | Zone Components | Sizing Data | Equipment |

Ventilation Air Ventilation Fan

v

[~ Vent Reclaim
lv  Cooling Coil
v
=
-

Fan Type

(1 )[Backward Inciined or Aifoi B1/4F)

Configuration & 2 -

®

Heating Cail Tatal Static in. wa.

Humidification - o .ol Eficiency %

Dehumidification 4
.| Zbiflow 100 | 90 80 | 70 | 60 5O
IV Duct Syoten ™ kw00 101 e o8 fs0 [ |

Exhaust F A\ A
[~ ExhaustFan % Aiflodwr=t 40 30 20 10 0

Zw Jre e el |53 a4

1. Select the Fan Type from the dropdown. Note: the only option for the Fan Configuration in a
DOAS is Draw-Through.

Select Fan performance type from dropdown.
Enter appropriate value for fan performance. When using Total Static enter inches water gauge.

When using Total Static enter the overall Fan Efficiency value in percent. This is a three prong
value derived from taking the fan efficiency from the fan curve times the mechanical loss times
the motor electrical efficiency.

5. This part-load performance curve derives from the fan type selected and is based on a generic
fan performance. These values represent the % motor kW at the % airflow. These values are
defaulted for all but user defined fan types.

Next we model the duct system impact on the coil sizing requirements for this DOAS. Check the box for
duct system if not already defaulted and enter the values displayed in Figure 3.6 below.




2E-Vent System Components — Duct System Data

Figure 3.6 - Vent System Components — Duct System Data

[&] Air System Properties - [A09-Project 3 Wing "D" 4P FCU] =
: 2 I:Venl System Components § Zone Companents | Sizing Data | Equipment |

o

Supply Duct Data defaults to 0% Heat Gain

v Ventilation Air uct SystemData 2 nd Leakage for DOAS (non editable)
[T Vent. Reclaim Juct Data
v Cooling Coil Duct Heat Gain 0 %
[y Heating Coil
X %
- Hgidieon | |5 e 4
[ Dehumidification Return Duct or Plenum Data
[v “ent. Fan

: Return Air Via 1 + Ducted Return
v _Duct Syste ’ Q Return Air Plenum
[™ Ewxhaust Fan _

Wall Heat Gain to Plenum

Roof Heat Gain to Plenum 2

4
%

4

1]

Lighting Heat Gain to Plenum

oK Cancel Help
| | |

1. Select the appropriate radio button for the return duct configuration.

2. If using a plenum to return the air to the DOAS unit, specify the percent heat gain to the plenum
from the Walls, Roof and Recessed Lighting.

If there is an exhaust fan in the DOAS unit to exhaust the stale ventilation air from the building, check
the box to add the exhaust fan and enter the exhaust fan properties in the input form. Note, the exhaust
fan inputs are similar to the Vent. Fan inputs as previously performed in step 2D.

Next we move to the Zone Components Tab and add the spaces to the DOAS, define the t-stat
settings, enter the common data related to the 2 pipe fan coil terminal units and finally the terminal unit
fan data. Please refer to the steps outlined below in section 3 of this workshop.




3A-Zone Components Tab — Spaces

Figure 3.7 - Zone Components — Assign Spaces to DOAS and Terminal Units
[ air System Properties - [209-Project 3 Wing "D" 4P FCU]
General| Vent System Com:L 3 Zane Companents | Sizing Data | Equipment |

Space Assignments

V" Spaces | ) Zone 1 of 7
v Thermostats 1 "01 0oiT R

v Common Data Spaces k“' F =

v Teminal Units

C1264-Gym Spectators

2 D100 - IT Server Room
D102 -Classroom
B TTlassroom
D104 -Classroom
D105-50uth Vestibule
D114-Corridor

oK | Cancel

Enter Zone Name
Highlight space(s) to assign to zone

Click the “Add” button to add highlighted space(s) to zone. Note you can assign multiples of a
single space to the zone by either clicking on the add button again or by clicking on the number
field behind the assigned space and type in the number of spaces.

To advance to a different Zone, either click on the zone dropdown or click on the Next button to
move forward one zone. You can also click on the previous button to move to the previous zone.
After assigning spaces to all zones we can move to the thermostat input data form by clicking on
the thermostat item.

Please assign the following spaces to these renamed Zones:

Zones Spaces

Zone #1 D100 IT Room D100 IT Server Room
Zone #2 D101 Classroom D101 Classroom

Zone #3 D102 Classroom D102 Classroom

Zone #4 D103 Classroom D103 Classroom

Zone #5 D104 Classroom D104 Classroom

Zone #6 D105 South Vestibule D105 South Vestibule
Zone #7 D114 Corridor D114 Corridor
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The next input under Zone Components is the Thermostat settings for the seven (7) zones created in
the previous step. The T-Stat input form defaults with the check box selected to have all zones set the
same. Enter the same T-Stat setpoint data as the VAV system in the previous workshop.

3B-Zone Components Tab — Thermostats

Figure 3.8 - Zone Components — Thermostat and Zone Data

| [E Air System Properties - [A09 Project 3 Wing D 4

General| Vent System Comg

Zane Companents § Sizing Data | Equipment |

v Spaces Thermostat and Zone Data.

[~ All zone Tstats set the{ ] i »| Zone 1 of 7

v CommonData ~ Zone Name |Zone 1 - | .
v Teminal Urits Cocling T-stat Setpaints

e (2)| KEEP ALL STATS SAME

s hatgrose (3)| SETPOINT 75/70F  80/65F

Diversity Factor “| oo %

Direct Exhaust Airflow oo CFM

Direct Exhaust Fan Kw oo Kw

Shared Data ~
Themmostat Schedule (4 Dccupied Schedule Classioom v |
Unoccupied Cooling is 5 (? Available ¢ Mot available
l_—m Cancel ’ Help I

1. Keep all the thermostat setpoints the same
2. Enter occupied and unoccupied Cooling and Heating T-Stat set points.
3. Enter 1.5° F T-stat Throttling Range.
4. Link the previously created Thermostat Schedule by selecting it from the dropdown.
5. Select the Unoccupied Cooling is “Available” radio button.

Now highlight the Common Data item on the left portion of the screen to view and edit the terminal
unit data. Refer to Figure 3.9 for details.




3C-Zone Components Tab — Common Data

Figure 3.9 - Zone Components — Common Terminal Unit Data.
[ Air System Properties - [A09-Project 3 Wing "D" 4P FCU] e :
B Sizing Data | Equipment |

Common T erminal Unit Data

G T , 1 ,v. Looling Coil
o CommEn Dot esigh Supply Temp.

Coil Bypass Factor

[v Terminal Units

Cooling Source
Schedule @Tﬁlﬂmlﬁﬁﬁﬁﬁﬁm[ﬁ
2 v He i

esign S:I UNCHECK HEATING COIL!!!
Hgat Souf 7 ate! _]

Schedule Jﬁmmmnrjml—smmm

( 3 !Fan Control " Fan Cycled

See notes fordetails || ok |  Cancel | Hep

Notes:

1. Cooling Coil Inputs — Verify check box is selected to link cooling coil to terminal unit.

a. 58°F — Design Supply Temperature
b. 0.100 — Coil Bypass Factor

c. Cooling Source defaults to Chilled water based on the Equipment Type selected under
the General Tab of the Air System Properties form. The Schedule defaults to all 12

months active.
d. System Properties form.
2. Select the “Fan On” radio button for the terminal unit Fan Control.

The final input for the Air System Zone Components, configures the terminal units’ supply fan
assembly. Highlight the Terminal Units on the left portion of the input form and refer to Figure 3.10

for input details.

3D-Zone Components Tab — Terminal Unit

Figure 3.10 - Zone Components Tab — Common Terminal Unit Data.




General| Vent System Comp 4 [l Zone Components Sizing Data | Equipment |

v Spaces Terminal Unit Data =
[v Themostats ¥ &l zones are the samel ] | Zone Al of 7

Iv Carnmon Da.ta‘ Zone a J Al Zones _]

Terminal Type Fan Coil _]
Minirumn Airflow ¢ }0.00 ICFM#person LI
[Tntal Static d 033 in. wg.

Fan Overall Efficiency ( : !50 %

[v iTerminal Unit

Refer to Notes below for details |

(] I Cancel | Help

Notes :
1. Terminal Unit Data verify check box for All Zones are the same.
a. Zone - defaults to All Zones
b. Terminal Type — defaults to Fan Coil
c. Minimum Airflow defaults to 0.00 CFM/person
d. Total Static — 0.33" wg.
e. Fan Overall Efficiency — 0.50%

The final tab for this air system properties input is the Sizing Data Tab which includes System and Zone
Sizing options. Under the System Sizing item on the left portion of the input form highlight the System
Sizing checkbox. Enter the data detailed in Figure 3.11.

(KR Microsoft



4A Sizing Data — System Sizing Data

Figure 3.11 - System Sizing Data - Hydronic Sizing Speclflcatlons and Safety Factors
[Qt\tr System Propeltles [A09-Project 3 Wn "D" 4P FCU] e

. E quipment |
te"" Sizing Data See notes below for detalls
v Zone Sizing Cooling Supply Temperature r— °F
Supply Airflow Rate [*—_ CFM
; 1 ng Data is Yentilation Airflow R ate [ CFM

omputer - f Heating Supply Temperature °F
Generated §| - g =HpRY .
Hot Deck Supply Airflow Rate CFM

General| Vent Syster Companents| Zone Comg 4

. User -
Defined

———

Hydronic Sizing S pecifications { 3 afety Factors
Chilled '/
H ot ‘W ater

q NO SAFETY FACTORS

s —————l"

0K | Cancel | Hep |

Notes: Enter the following details into the Air System Properties form
1. Select the Sizing Data is Computer Generated radio button.
2. Safety Factors
a. 0.00% Cooling Sensible
b. 0.00% Cooling Latent
c. 0.00 % Heating

Next, highlight the Zone Sizing item on the left portion of the screen. Enter the following data into the
sizing data fields as detailed in Figure 3.12.




4B Sizing Data — Zone Sizing

Figure 3.12 - Sizing Data — Zone Sizing Data
Air System Properties - [A09-Project 3 Wing "D" 4P FCU]

General| Vent System Components| Zone Com Equipment |

Space Airflow Sizing Method |individual peak space loads

5 Sstem Sii Zone Sizing Data( 2 h}
v System Sizing Zone Airflow Sizing Method ]F'eak o sensible e %

Supply | Zone Htg ; dap
Zone At it Reheat Coil Ventilation

CFM MEH MEH CFM

D1001T Room |
D101 -Classroom l
Defined D102 - Classroom [
D103 - Classroom |
|
|
|

Genersted

D104 - Classroom
D105 - South Yestibule
D114 - Corridor

I
I
|
l
|
l
l

I
I
|
J
i
[
|

4B. Under the Zone Sizing data inputs:
1. Select the Computer Generated radio button
2. Set Zone Sizing Data to:
a. Set Zone Airflow Sizing Method to Peak zone sensible load
b. Set Space Airflow Sizing Method to Individual peak space loads

Because the Equipment providing the source of Cooling and Heating are hydronic plants there are no
required fields for data entry under the Equipment Tab. At this juncture we are ready to calculate the
System loads. To accomplish this save the air system inputs and at the main program window under
the systems, highlight the newly created system and generate the design reports as we did for the
previously created air systems.

The following are details of the design reports for this terminal equipment type 4 -pipe fan coil air
system.
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Air System Design Load Reports

Air System (DOAS) Sizing Summary Report

Air System Information
&ir System Name . A09 Project3 Wing D 2P FCU
Equipment Class .
Air System Type

Sizing Calculation Information
Calculation Months .
Sizing Data

Cooling Coil Sizing Data

Totalcollload ..o, 33
Total coil load ... .39.9
Sensible coil load . 319
Coil CFM at Aug 1500 1473
Max col CFM . 1473
Sensible heatratio .._......... TR 0.799
Water flow@ 10.0°Frise ...................cccoevevvvnnn. 7.98

Ventilation Fan Sizing Data
Actual max CFI4
Standard CFI{

Qutdoor Ventilation Air Data
Design airfiow CFIS
CFLIft=

Tons
IABH
I$BH
CFI
CFl

gpm

CFl1
CFIK
CFLM/ft?

CFIs
CFNMft2

Number of zones
Floor Area . ...
Location

Zone CFI Sizing .............. Sum of space airfflowrates
Space CFI Sizing ... Individual peak space loads
LOBROCCINE Y. ......ocoiinnviivisionsisisisivinsitiin Aug 1500
OADB/WSB ... 93.0/78.2
Entering DB /WB .., 93.0/78.2
Leaving DB /WB .. 7291715
BypassFactor ..., 0.100
Fanmotor BHP . . ... ... 1.21
Fan motor KV 0.96
Fanstatic ... ..., 3.00
CRIUPEISON ..o 13.39

°F
°F
°F

BHP
k 'l'"r
in wg

CFM/persoen




Terminal Unt Sizing Data - Cooling

Total Sons Coll Coll Vilater Time

Col Coll Entering Leaving Flow of

Load Load DBIWE | DBIWE | @m100°F Paak Coll Zons
|Zons Nams (MBH) (MBH) *F) (*F) {gpm) | Load CFwt
1 0100 IT Server Room ) 52| 755:/681] S85/574 117 Aug 0800 8.24
2 D101 Classroom 301 16.4] 759/687] 583/%578 602 Aug 1000 1.02
3 0102 Cizssroom 30.1 164] 759/687] 583/5738 602 Aug 1000 1.02
4 D103 Classroom 301 16.2] 759637 s83./578 602 Aug 1000 1.02
£ D104 Ciassroom 329 19.5] 761/681] 587/%80 658 01300 123
£ D105 Soun Vestiouie 39 33| 76.5/651] %5.0/579 77 Dec 1400 2.0
|7 D112 Corrigor 137 81| 766/682] 580/573 2758 Aug 1500 043

Terminal Unit Sizing Data - Heating, Fan, Ventilation

Heating Htg Coll
Haating Coll Vater Fan OAVent
Coll EntLvg Flow Design Fan Fan Design
Load DB @200 °F Alrfiow Motor Motor Alrfiow
[Zone Name (MBH) [*F) gpm) | (CFm) (BHP) (L)) (CFM)
1 D100 IT Server Room 00] -10/-10 004 2 0028 0022 7
2 0101 Ciassroom 00 -1.0/-10 Q.04 861 0084 Q067 351
3 0102 Classroom 00 =1.0/-10 0.04 861 0084 Q067 351
£ D103 Classroom 0.0 -1.0/-10 .04 861 Q084 Q067 351
S D104 Classroom 00 -1.0/-10 004 1037 010 0080 351
|6 D105 South Vestioule 0.0 -1.0/-10 004 176 0017 0014 $|
|Z.2114 Corrigor 00] -10/-10 0.0d 402 0039 003 57
Zone Peak Sensible Loads
Zone Zone Zone
Cooling Time of Haating Floor
Sensible | Peak Sensible Losa Area
|Zone Name (MBH) CoolingLoad | {(MBH) (LW
1 D100 IT Server Room 53 Aug 1200 0.0 350
2 0101 Classroom 15.§ Aug 1500 0.1 3409
3 £102 Ciassroom 15.8 Aug 1500 0.1 340 4
£ D103 Ciassroom 15.8] Aug 1500 0.1 3404
S D14 Classroom 19.0 Nov 1500 2 3404
6 0105 South Vestioule 32 Dec 1500 0.0 880
7 D114 Corrigor T4 Aug 1500 00 9300







Ventilation Sizing Summary

1. Summary
Ventiiation SENgMeR0d ..., Sum of Space OA Alfiows
Cesign Ventiiation Alrfliow Rate 1473 CFR2

2. Space Ventilation Analysis
2.1 Zone: 1 D100 IT Server Room

Fioor Maximum Required Raquired Requirsd Required| Uncorrectsd
Zone Name / Space Name Ares| maximum| Supply Alr| Outdoor Ar| Outdoor Alr| Outdoor Alr| Outcdoor Alr| Outdoor Al
Muit (19| Occupants (CFM)| (CFMiparson) (CFwutt) (CFM)| (% of supply) (CFM)
1 D100 IT Server Room
£ 100 IT Sefver Room 1 0 1.0 285 ¢ 500 0.06 00 0.0 [k |
Totals (Iinci. Space Multipliars) 283.4 7.1
2.2 Zone: 2 D101 Classroom
Fioor Maximum Requirad Required Required Required| Uncorrected)
Zone Name | Spacs Name Ares| Maximum Supply Alr| Outdoor Air| Outdoor Air| Outdoor Airj Outdoor Alr] Outdoor Air
Muit (3| Occupants {CFM)| (CFMa/parson) (CFwTt) (CFM)| (% of supp¥) (CFM)
2 D101 Classroom
D 101 Classroom 1 8400 250 860.7 10.00 0.12 0.0 0.0 3508
Totsis (IncL_Space Murtiphers) 560.7 3502
2.3 Zore: 3 D102 Classroom
Fioor| Maximum Required Requirsa Required Reguired| Uncormecisd]
Zone Name ! Space Name Ares| Maximum Supply Air] Outdoor Alr| Outdoor Alr| Outdoor Ar| Outdoor Alr| Outdoor Al
Murt 3] Occupants (CFM)| (CFM/person) (CFwTt) (CFM)| (% of supp¥) (CFM)
3 D162 Classroom
C 102 Classroom 1 8400 250 8607 10.00 0.12 00 00 508
Totals (incl Space Multipiars) 860.7 3508
2.4 Zone: 4 D102 Classroom
Fioor Maximum Requited|  Required Required|  Required] Uncorrecied)
Zone Name [ Space Name Ares| Maximum Supply Alr| Outooor &| Outdoor Alr| Outdoor Alr] Outdoor Alr| Outdoor Alr
Muit (rt3] Occupants (CFM)| (CFMW/parson) (CFwutE) {CFM)| (% of supph) (CFM)
4 D103 Classroom
D 103 Classroom 1 8400 250 860.7 10.00 0.12 00 0.0 3508
[Totals {incl Space Muitipers) $60.7 3508
2.5 Zone: 5 D104 Classroom
Fioor Maximum Require0| Required|  Requied|  Raquired| Uncomrecisd
Zone Nams | $pace Name Ares| Maximum Supply Alr] Outdoor Ar| Outdoor Air| Outdoor Air| Outdoor Alr| Outdoor Al
Myt (3! occupsnte (CFM)|(CFIiparson (CFwmr) (CFM)| (% of supp) (CFM)|
5 D104 Classroom
O 104 Ciassroom 1 2400 250 10 3 10.00 0.12 00 0.0 3508
Totals (inci Space Multipiars 1036 3 3503]
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DESIGN COOLING

DESIGN HEATING

COOLING DATAAT Sep1300
COOLINGOADB/WB 89.5°F/76.8 °F

HEATING DATA AT DES HTG
HEATING OADB/WB 69.4°F/57.7°F

Sensible Latent Sensible Latent
ZONE LOADS Details (BTU/hr) (BTU/hr) Details (BTU/hr) (BTU/hn)
Window & Skylight Solar Loads 480 ft* 11014 - 480 ft* - -
Wall Transmission 982 ft* 1198 - 982 fi* 27 -
Roof Transmission 4433 ft2 10188 - 4433 fi® 107 -
Window Transmission 4380 ft2 2020 - 480 ft* 100 -
Skylight Transmission 0 ft2 0 - 0 ft? 0 -
Door Loads 48 ft* 1017 - 48 ft* 16 -
Floor Transmission 4433 ft2 0 - 4433 ft2 46 -
Parttions 0 ft2 0 - 0 ft* 0 -
Ceiling 0 ft* 0 - 0 ft* 0 -
Overhead Lighting 4671 W 12191 - 0 0
Task Lighting 2758 W 8175 - 0 0 -
Electric Equipment 3080 W 9508 - 0 0 -
People 109 17127 13760 0 0 0
Infiltration - 4713 8333 - 293 0
IMiscellaneous - 0 0 - 0 0
Safety Factor 0% /0% 0 0 0% 0 0
>> Total Zone Loads - 77150 22093 - 589 0
Zone Condttioning - 84430 22093 - 495 0
Plenum Wall Load 0% 0 - 0 0 -
Plenum Roof Load 0% 0 - 0 0 -
Plenum Lighting Load 0% 0 - 0 0 -
Exhaust Fan Load 1473 CFM 0 - 1473 CFM 0 -
Ventilation Load 1473 CFM 21008 41273 1473 CFW 780 0
Ventilation Fan Load 1473 CFM 3275 - 1473 CFI4 -3275
Space Fan Coil Fans = 1185 - - -1185 -
Duct Heat Gain / Loss 0% 0 - 0% 0 -
>> Total System Loads - 109898 63366 - -3185 0
Cooling Coil - 26256 3701 - 0 0
Terminal Unit Cooling - 83642 59432 - -3162 0
Terminal Unit Heating - 0 - - 0 -
>> Total Conditioning - 109898 63133 - -3162 0

Key:

Positivevalues are clg loads
Neaqative values are htq loads

Positive values are htg loads
Neqgative values are clq loads




Workshop 4 Inputs USING THE EQUIPMENT WIZARD

y  In the fourth workshop of our project, we investigate an alternate air system for the classroom wing “D.”
The alternate system design consists of a Terminal Unit Equipment Type and a seven (7) Zone
Variable Refrigerant Flow (VRF) air system type with a DOAS Common Ventilation unit that provides
tempered neutral ventilation air to each terminal fan coil unit. Ventilation calculations are based on
implementing Demand Controlled Ventilation (DCV) and an energy recovery ventilator (ERV) in the
DOAS system.

We can reuse the spaces created in workshop 2 which include all linked schedules and building
envelope items. We assign the spaces to this alternate air system using the same zoning strategy as
the VAV system and 4 Pipe Fan Coil Unit (FCU) design. This allows for a quick comparison between
systems.

lIAcEr  Air System inputs for VRF Unit with DOAS, DCV and ERV

T We use the “Equipment Wizard” to enter this air system. Refer to Figure 4.1 through 4. for details.

Launch the Equipment Wizard from the Wizard item on the menu bar as detailed in Figure 4.1.

Figure 4.1 — Launch Equipment Wizard

(€] HAPA6 - [HAP 4.6 for System Design Loads Archive 1 Solved]
Project Edit '\FI Reports —Wizards He[ om———
SecHmBEE Weathes Wizasd

i HAP 4.6 for System Design Load Building Wizard
-
%‘?: Weather Equipment Wizard
@ Spaces — -
[ Systems Utility Rate Wizard

‘ gﬂ Zlénl t_s . . Full Wizard Session *

This opens the first Equipment Wizard screen displaying the project spaces. We enter the number of
floors in our building as shown in Figure 4.2.




Floor Zone Space _ Enter number of Floors
= 2
No. of Floors F——_I r
Unassigned Spaces Configuration of FIoors!ZdnesiSpaces
C 126A Gym Spectators BB Building
C 126B Gym Play Area - @ Floor 1

D 100 IT Server Room
D 101 Classroom

D 102 Classroom

D 103 Classroom

D 104 Classroom

D 105 South Vestibule
D 114 Corridor

B W P i N

Figure 4.3 details the next step where we Drag and Drop the spaces onto Floor 1, which creates Zones
with an attached Space to each Zone.

Figure 4.3 — Zone and Space Configuration
ﬁ Zone anfiguratio_-

Floor Zone Space

=
No. of Floors ‘1__1 =
Unassigned Spaces Configuration of Floors/Zon
C 126A Gym Spectators B2 Building
C 126B Gym Play Area g Floor 1

D 100 IT Server Room
D 101 Classroom

D 102 Classroom ' ’
D 103 Classroom ~=lSelect "D" Wing Spacesf
D 104 Classroom

D 105 South Vestibule
D 114 Corridor

ki pgr .y -
! Zone Conﬁguratio 2

Floor Zone Space

5
No. of Floors ]1__ = ~
Unassigned Spaces Configuration of FloorsiZones/
C 126A Gym Spectators == Building
C 1268 Gym Play Area ... B Floor 1

D 100 IT Server Room
D 101 Classroom
D 102 Classroom

D 103 Classroom
D 104 Classrggm Click, Drag and Drop the

D 105 South Vestibule Spaces onto Floor 1
D 114 Corridor ’
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~Configuration of FloorsiZones/Spaces
EE Building
=B Floor 1
@[ D 100 IT Server Room
i [H] D 101 Classroom
. D 102 Classroom
{H] D 103 Classroom
.. ] D 104 Classroom
- [H] D 105 South Vestibule
" . D 114 Comidor

Configuration of Floors/Zones/Spaces
B2 Building
SR -] Floor 1
& [H] D 100 IT Server Room
a D 100 IT Server Room
[ D 101 Classroom
e | D 101 Classroom
{H] D 102 Classroom
" ...p ] D 102 Classroom
[E] D 103 Classroom
< ]| D 103 Classroom
. D 104 Classroom
.. ] D 104 Classroom
-] D 105 South Vestibule
@} D 105 South Vestibule
.| D 114 Corridor
-] D 114 Corridor

Click the OK button to advance to the next step in the Equipment Wizard configuration.
Because we have two unassigned spaces, the Wizard prompts us to with the following message:

Figure 4.4 - Wizard Zone Configuration Prompt

Zone éon-figuratioﬁ.‘

Spaces still exist in the unassigned spaces list on the left. This is OK, but please
make sure it is intended. Do you want te exit without assigning these spaces to
zones?

Clicking on Yes brings up the next Wizard Screen. Configure the system as detailed in Figure 4.5.
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Figure 4.5 — Equipment Properties Screen 1

Operating Schedule

| - Air-Side Schematic

[& Equipment Properties - [A09 Wing D VRF System)
==l._'.hzsxf:ib’tiror1 E———— =S T == Performance
| Name [AUQ Wing D VRF System Eqpt Performance IUser—Deﬁned
| Identifier |aLT2 Notes AHRIRatings | 1800 feer v| | 400 cor ~
Equipment Key Features ]
Equipment Type |Variable Refrigerant Flow (VRF) j Common Vent. Unit |Air~CooIed DX Ventilation Unit LI ‘
Heating Type |Heat Pump ~|  DCVControl [Used =l
System Type |Fan Coil Units v|  Ventilation Reclaim |Energy Recovery Ventilator (ERV) | ;
Configuration IOne VRF system per floor L]

L«

lT—Stat Schedule Classroom

Wizard Screen

Click on the Details button after completing the above inputs, and enter the details shown in Figure 4.6.

Outdoor Ventilation
Air I l Fan
< <t . l_ 1 e |
P
Exhaust —
Ventilation Exhaust
Al Reclaim Fan § §

v

-©
€9

Cancel

Zone Zone

10f1 | Detausﬁ%” Help
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uipment Properties Details

Figure 4.6 — Eq

FCU Performance

FCU Coaoling
Design SAT

AHRI Clg Rating

Qversizing Factor

FCU Hesting
Design SAT

AHRI Htg Rating

Oversizing Factor

FCU Supply Fan

Fan Performance

Thermostats

Clg Setpoints. Occupied 750 °F
Htg Setpoints: Occupied 700 °F

Operating Schedule

FCUPerformance

5 - [A09 Wing D VRF System

IUser—Deﬁned

[Tse0 oF
[ o%

[ 950 F
[ 0%

0.50 I inwg =~

Unoccupied 85.0 °F
Unoccupied 65.0 °F

lT—Slal Schedule Classroom

Details ] Help

VentilationUnit

Type ]Air—Ccaled DX Ventilation Unit

¥ Coaling Coil
Setpoint i F

EER 'I
¥ Heating Coil

Setpoint 0 °F

AHRI Clg Rating

Heating Type Electric Resistance

Efficiency

Fan Performance
Ventilation Fan 150 [inwg ~

Exhaust Fan 1.00 m

¥ Demand Controlled Ventilation
Base Ventilation Rate 20 %
Min.CO2 Differential 235 PPM

IMax.CO2 Differential 700 PP

Outdoor Air CO2 Level 384 PPM

Ventilation Reclaim
Type |Energy Recovery Ventilator (ERV) :_l

Efficiency 50 %

Input Power |_ 0.200 KW

Clicking on OK after completing the above inputs takes us back to the Equipment Properties screen,
then click Finish.

HAP generates an Equipment Wizard Input Summary Report which you can Print or Save as an RTF
file. After closing the report HAP displays the following advisory message detailed in Figure 4.7 below.
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AIR SYSTEM SCHEMATICS
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AIR SYSTEM SCHEMATICS
CONSTANT VOLUME - DUAL DUCT C.A.V.
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