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@ Passive downdraft cool towers + thermally stratified zones, atrium

* ApacheHVAC for cooling coils or evaporative cooling and heating coils
* Built as proof of concept for much larger building using the same system
* Fans are optional for assist in the actual building, but not required
 Example model is fully buoyancy driven (no fans) to test design approach
* Buoyancy-driven air movement through building modeled via MacroFlo
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@ Passive downdraft cool towers

IR ARE R

Two downdraft towers: both have controllable inlets; one has wind baffles.

UFAD supply air plenums
1%t floor provides example of controlled vent/cooling diffusers; heat by room units.
« 2" floor uses controlled inlets from towers to plenum; heat by coils in plenum.

Occupied & stratified zones with typical internal gains

RA plenums discharge to atrium

Outlets placed high on atrium fagades controlled to open only on downwind side
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@ Passive downdraft cool towers

Complete network with all zones and nodes included.

* Facilitated adding damper sets and heating coils where needed.
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@ Passive downdraft cool towers

Minimal network — reduced to just the necessary zones and nodes.
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@ Passive downdraft cool towers

Confirming downdraft flow between cells in cool towers
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Date: Mon 01/Mar to Wed 10/Mar

Yolume flow (I/s)

~— Volume flow out: Internal opening (cocl twr - r11 - sys v8 - cirl diff in atrium - mar .aps)

= \Volume flow cut: Internal opening (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

» Passive downdraft outflow from cooling coil cell of the tower (North and
South towers shown) to the next cell or tower segment below.
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@ Passive downdraft cool towers

Confirming flow into the towers and the majority of the flow down from there

» Passive downdraft outflow from cooling coil cell of the tower (North and
South towers shown) to the next cell or tower segment below.
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@ Passive downdraft cool towers

Confirming flow at controlled floor diffusers
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Date: Mon 01/Mar to Wed 10/Mar

~— Volume flow in: Internal door 1 (cool twr - r11 - sys v8 - cirl diff in atrium - mar .aps)
~— Volume flow in: Internal door 2 (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

~— \/olume flow in: Internal door 3 (cool twr - r11 - sys vB - ctrl diff in atrium - mar .aps)

* Flow at two controlled discharge dampers in the UFAD supply plenum
(controlled diffusers in MacroFlo are “doors” with formula profiles).
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@ Passive downdraft cool towers

Confirming flow through inlet dampers on 2"-floor UFAD plenum

Yolume flow (Ifs)
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Date: Mon 01/Mar to Wed 10/Mar

-~ MaaooFlo internal vent: 02 - Air supply plenum (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

Flow into the 2"-floor UFAD plenum is controlled by dampers at the
connection to the cool towers so that plenum can be heated in winter.
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@ Passive downdraft cool towers

Maintaining cooling setpoint (23°C +/- 1°C) in summer
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Date: Thu 04/Mar to Sat 06/Mar

~— Dry-bulb temperature: Brisbane_|IWEC.fwt (Brisbane_IWEC. fwt)
— Air temperature: 01 - Occupied zone (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)
— Air temperature: 02 - Occupied zone (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

— Air temperature: Atrium - Occupied zone (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

 Temperature in occupied zones (green, blue, and red lines) vs. outdoor
temperature (light teal — Brisbane, AU, Mar 4-6).
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@ Passive downdraft cool towers

Shoulder season performance of 2"%-floor occupied zone
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Date: Tue 08/Jun to Thu 10/Jun

~—— Air temperature: 02 - Air supply plenum (cool twr - r12 - sys v7 - heat coil in f02 - june .aps)
~— Air temperature: 02 - Occupied zone (cool twr - r12 - sys v7 - heat coil in f02 - june .aps)
~— Air temperature: Cool Twr N - seg 2 (cool twr - r12 - sys v7 - heat coil in f02 - june .aps)

e Occupied zone temperature (green) is maintained by reducing flow from
cool tower (light blue) to vent only and engaging floor plenum heating coil
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@ Passive downdraft cool towers

Thermal stratification and temperatures on flow path: 1s-floor occupied zone
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Date: Mon 01/Mar to Fri 05/Mar

—— Dry-bulb temperature: Brisbane_IWEC.fwt (Brisbane_IWEC.fwt)

~— Air temperature: Cool Twr N - coil or spray chamber (cool twr - r11 - sys v8 - cirl diff in atrium - mar .aps)
— Air temperature: 01 - Air supply plenum (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

~— Air temperature: 01 - Occupied zone (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

~— Air temperature: 01 - Stratified zone (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

e Control of both coil LAT in towers and passive flow via dampers results in
very tightly controlled space temperature and avoid excessive cooling.
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@ Passive downdraft cool towers

Thermal stratification and temperatures on flow path: 2"-floor occupied zone
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Date: Mon 01/Mar to Fri 05/Mar

—— Dry-bulb temperature: Brisbane_IWEC.fwt (Brisbane_IWEC. ft)

~— Air temperature: Cool Twr N - coil or spray chamber (cool twr - r11 - sys v8 - cirl diff in atrium - mar .aps)
— Air temperature: 02 - Air supply plenum (cool twr - r11 - sys vB - ctrl diff in atrium - mar .aps)

— Air temperature: 02 - Occupied zone (cool twr - r11 - sys vB - ctrl diff in atrium - mar .aps)

~— Air temperature: 02 - Stratified zone (cocol twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

* Temperature in 2"9-floor occupied zone is slightly more variable as a result
of heat transfer from RA below through floor deck into UFAD plenum.
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@ Passive downdraft cool towers

Thermal stratification and temperatures on flow path: atrium
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Date: Wed 03/Mar to Fri 05/Mar

—— Air temperature: Cool Twr N - coil or spray chamber (cool twr - r11 - sys vB - cirl diff in atrium - mar .aps)
— Air temperature: 01 - Air supply plenum (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

~— Air temperature: Atrium - Floor slab pedistal (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

— Air temperature: Atrium - Occupied zone (cool twr - r11 - sys v8 - cirl diff in atrium - mar .aps)

~— Air temperature: Atrium - Stratified zone 1 (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

~—— Air temperature: Atrium - Stratified zone 2 (upper) (cool twr - r11 - sys v8 - ctrl diff in atrium - mar .aps)

Solar gain: Atrium - Occupied zone & Atrium - Stratified zone 2 (upper) & Atrium - Stratified zone 1 (cool twr - r11 - sys vB - cirl diff in atrium - mar .aps)

* Atrium occupied zone temperature is very consistent in spite of substantial
solar gain as well as associated gain (1-2°C) in atrium floor plenum.
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@ Bulk airflow vs. CFD for air movement, buoyancy, and comfort

CFD can be very useful where bulk airflow modeling leaves off

e Bulk-airflow model driven by temperature difference for adjacent fully mixed zones.
* No wind-driven or stack-effect flows within a zone (only at openings between).

* No thermal plumes adding to overhead “pool” of hot air.

* Use CFD to predict air movement and associated local thermal comfort conditions.
 Where temp gradients are significant, use zonal method for energy model.

 Use CFD to calibrate or tune the zonal bulk-airflow model

Tempersbare 7000 7545 8091 8636 9182 9727 10273 10818 11364 11909 12455 13000 °F
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A Atrium analysis example: CFD model

* Single volume
(no zonal subdivisions)

Colour | Temperature (F)

* |nitial boundary conditions
for each test case taken from
selected time step in zonal
thermal and HVAC model

* |nitial DV airflow and
temperature at large side-wall
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64.00
66.00
68.00
70.00
7200
74.00
76.00
78.00
80.00
8200
84.00
86.00

diffuser set to the same value

used in the zonal thermal and
HVAC model

Airflow from
DV diffuser
on back wall

Occupied zone

 Temperature at center of occupied zone was basis for comparison
of airflow requirements at a given supply air temperature.

Copyright © 2013 Integrated Environmental Solutions Limited. All rights reserved.



A Zonal model of atrium for MacroFlo and ApacheHVAC

e Subdivision of atrium

into 10 zones: Upper—
stratified
* 6-in deep “pool” of cooling air e

(SA introduced here)

. Lower
* 7.5-ft Occupied zone above stratified

the cooling air pool zone

o 28-ft Lower stratified zone

. Occupied
* 4-ft Upper stratified zone zone

against the ceiling

* 6-in deep Facade zones for

each orientation l_\_
« Matching height of occupied S
L o (—_——’
and lower stratified zones

* Concentrated zone of
convective heating at glass
surfaces

Facade zones

Floor-level “pool” of DV
cooling air
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@ Atrium HVAC system model
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[ Atrium zone temperatures: Zonal method with MacroFlo + ApHVAC
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|

Temperature (°F)

Date: Thu 01/Jul

Zone temperatures for the zonal modeling method: 10-zone model
with bulk-airflow network.
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IES <Virtual Environment>
Integrated building performance analysis

vran e

Reference:  Electric Water-Cooled Chiller with Water-Source HX pre-cool and Fiid Codler with IWSE made

Sizing status:  Design calculation successful.

| Chiled water loop | Pre-cooing | chiller set | Heat rejection |

General
Design outdoor dry-bulb temperature: 50.00 F
- Design outdoor wet-bulb temperature: 45.00 F
T
127 17 26 28 M7 26 29
2w m m
160 216 W2 7 ME NI WS 2% = =
W2 m N W W N7 W 25.00 Capacity: 74464 kBtuh A
66 4 2 T R M
15 oMz W W s
W w20 e xE m e @
B2 W a7 s M W W e 1
2 M m s e ke 1 @ %2
EE R T T T VI ] [Cocling tomer vith heat exchanger_~
e — e ] Water source heat exchanger | Cooling tower with heat exchanger | Fiud cooler |
Cooling capacity
| Autosize [% of PC capadity]: 10000 Capadity: 744,64 KBtufh A
£5.bIDDE VAV CO2:00W [DX bicup cool L HVY bir),
Source water
Source water temperature: T
DDE VAV-reheat. Evap+DX cool, HW re-heat, OA eco... Source water temperature profile None -
o - @k Source water specific pump power: 19.00 W/gom
Design parameters
Load-side fiow rate: 496.25 gom
Load-side delta T: 3.00 F
Load-side leaving temperature: 62.00 F
Source-side entering temperature: [ 6000 F
Approach: 200 F
Heat exchanger effectiveness: 0.80
3 H 3, Source-side delta T: 400 F
Source-side flow rate: 372.56 gom

@i SYSTEM SIZING system loads

Coor
L]
] NOTE: Oversizing factors used in sizing HVAC system equipment are not applied to peak loads in this report.
a
a System ID System Name Area Served (m?)
PR05_040 b IDDE VAV - CO2-DCV [DX bi-up cool - HW bir]
a AHU Cooling Coll AHU Cooling Coll AHU Cooling Coil AHU Heating Coil
a Coil Sizes Sensible Load Latent Load (kW) Total Load (kW) Total Load (kW)
o W)
(=] Peakvalue 305 0.00 3.05 963
e Time of Peak 7151530 711515:30 TH515:30 Sizad during 4
s heating FED
] AHU Supply Fan  AHU Retum Fan Optional Min Vent Airflow o - ‘v’-:m o -

— 1 . Fan Sizes Flow (Vs) Flow (Vs) Exhaust Fan - —
Airflow Flow (Us) pre [rseerrva
Komly Peak Value 136751 1095.67 2184 27184 e ' o
diffuser on S
back wall TimeotPeak 71151530 711515:30 ioad S
heating
Occupied zone
Engineering Cooling Checks Heating Checks Cooling Season HVAC System Energy
Checks Vsim? Wim? %0A Vsim? Wim? %O0A May — September  Denver, Colorado (TMY climate data)
l—»——_—| PeakValue 410 914 1988 191 7195 4267
Demenn v S SE S Tr B me Do R Time of Peak 151530  Caloulaedattime of Peak Cooling ~ Szed during  Calculated at time of Peak Healing Radiant-D0As [INEEN o= I Estimated savings = 62to 71%
Coil Load heating Cail Load oz oz
o VAV+WSFC-precool an u
e Components Airfiows
= = Air tempersture: 01 UFAD Plenum (ufad from hvac librsry aps) Serveapy COOng Coil Cooling Coil Cooling Coil Healing Coil Zone recirc  Maximum  Minimum Exhaust  OA Flow (Us) VAV with WSFC an
23 P e Sensible  LatentLoad Totalload TotalLoad FanFlow (Us) Flow(Us)  Flow('s)  Flow (lis)
% = Air temperature: 01 Perim Occupied (ufad from hvac library .aps) Load (kw) ) kW) kW) VAV Baseline | 385 | |
? y & 01 - Interior X - A 170 = 303.72 0112 0.00 55.08 036
L temperature: 01 Perim Stratified (ufad from hvac library aps) 01 East 5 = : 357 38601 10707 000 37 = Chllrs (VAV ony), coling towers, and chilled watr pumps (MWh)
5 01 North - - - 220 - 20006 60.02 0.00 279 = Hydroric system pumps and evaporaive cooling spray pump (MW)
~— Air temperature: 02 RA plenum (ufad from hvac library .8
2 per Pl @ ary aps) T . . . Y . 0876 T8 000 3064 Fans (including cooling tower fan for waterside free cooling) (MWH)
24 = Cooling set point: 01 Perim Occupied (ufad from hvac library .aps) 01West - - - 336 - 34819 104.46 0.00 EiRz] = Bolers, natual gas (MWh)
. — (| 01_sensces - . . 000 ; 27104 zries  omise 000
G



