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Turn to the Experts

Zone T-stat Check

HAP users are occasionally puzzled by two outputs located on the Air System Sizing Summary in the Central Cooling Coil
Sizing Data area. These outputs are Zone T-stat Check and Max Zone Temperature Deviation (see Figure 1). This Article
will define these outputs and provide troubleshooting for common issues.

Please refer to HAP e-Help 004 - Transfer Function Methodology (TFM) for a description of the dynamic nature of cooling
loads. The ASHRAE design procedure requires a two-stage calculation, a sizing stage, and a simulation stage. In the sizing
stage zone sensible loads are computed assuming the zone is held exactly at the cooling thermostat setpoint 24 hours per
day. The results are used to determine peak zone and central coil airflow rates. HAP then simulates the system operation
using these airflow rates. The zone loads are then corrected for the actual system operating conditions. The simulation
accounts for the use of different setpoints during the occupied and unoccupied times or the shutdown of cooling during the
unoccupied period and the existence of a throttling range for the thermostats. Considering these real life operating factors
changes the thermal dynamics of the system, causing zone temperatures to vary within the throttling range and introducing
pull-down load components during the course of the day. In some cases, the sizing used is inadequate to maintain a zone
temperature during the simulation stage.

The Zone T-stat Check describes the status of zone air temperatures for the month and hour when the maximum cooling coil
load occurs. In this case, it is July 1400. This item is only provided for cooling control. The first value listed is the number of
zones with zone air temperatures that lie below the upper limit of the cooling thermostat throttling range. The second number
is the total number of zones in the system.

Air System Sizing Summary for AQ9 - Project 2 - Wing D PFPMXB

Project Mame: Fone Tatat Check article 1100452005
Prepared by 02:31PM

Air System Information

Ajr System Mame AD9 - Project 2 -Wing D PFPMXB Mumber of TONES e 7
Equipmert Class ... CwW AHU FI0E BEEB e 44330
Al SyEem TYRE e Vav Loation ..o, St. Louis IAP, Missoun

Sizing Calculation Information

Zone and Space Siang Method:
Zone CFM Peak zone sensible load Calculation Morths Jan toDec

Coincident space loads Sizing Data Calculated

Central Cooling Coil Sizing Data

Total coil l9&d . 284 Tons Loadocours &t . Jul 1400
Total coil load ... LFHMaAa mMBH CADBIWE e 93.0/755 °F
Sensible coil load L2720 MBH Entering DB JWEB ..., 85.7 '66.9 °F

L T2 CFm Leaving DB MWB 5277519 °F
...T8F0 CFM Ol BDP e 0.9 °F
L. T9T9 CFM Bypass Factor

Max block CFM at Jul 1700
Sum of peak zone CFM

Sensible heat ratio 0.798 Resulting RH B %
ftTon 1560 Desion suppk: teme 550 °F
BTUARERT) e, 76.9 LZone T-stat Check 2of7 o |
Water lowe @ 140 Frise 48.75 opm Max zore temperature desdstion 101 °F

Figure 1 — Zone T-Stat Check
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Example: The sample-cooling coil sizing table shown in Figure 1 is for a VAV system that serves seven zones. The zone
cooling thermostat setpoint is 72° F with a throttling range of 3° F. For July 1400, when the maximum cooling coil load occurs,
the air temperature in two of the zones is at or below 75° F. Therefore, the output states “2 of 7 OK;” the numbers are
highlighted in red to bring it to the users’ attention.

This item is a useful check figure for confirming that the system is maintaining desired comfort conditions in the zones for the
hour when the maximum coil load occurs. When one or more zones are warmer than the upper limit of the thermostat
throttling range, it is often due to system operating problems in dealing with very large pull-down loads. These problems can
be investigated further by generating the Hourly Zone Design Day Cooling Loads and the System Psychrometrics reports.

Max Zone Temperature Deviation is used in conjunction with the Zone T-stat Check. It indicates the largest difference
between a zone air temperature and the upper limit of the cooling thermostat control range. When zone temperature problems
occur, it is used to judge the severity of the problem. If there are no zone temperature problems, this item will be displayed as
0. In our sample case, it is 10.1. There is at least one zone with a temperature of 85.1 (72.0 + 3.0 + 10.1), therefore further
investigation is required.

To determine which System Psychrometrics for A0S - Project 2 - Wing D PFPMXB
i Project Mame: Zone Tstat Check article 110452005
zones are outside the A o
control range, the
System [ July DESIGH COOLING DAY, 1400 |
Psychrometric Report
TABLE 1: SYSTEMDATA
should be examined
. DneBulb Specific Sensible Latent
(see Figure 2, Term Hurnicity Aitflow| CO2 Levd Heat Heat
Component Location {F) {IbAb}) ({CFM} (ppimy (BTUWhr) (BTUhr}|
Table 2), /entikstion Air Inlet Q3.0 0.01534 1756 400 17580 55608
wert - Return Mixing outlet 827 0.01007 7792 533 - -
Prehesat Coil Otlet g55.7 0.01007 7792 533 u] -
Certral Cooling Coil Otlet 52.7 0.00516 7792 533 272007 E9052
Supply Fan Otlet 53.0 0.00516 77az 533 19235 -
Cold Supply Duct Citlet 55.0 000516 7792 533 - -
Fone A - 50.0 000555 779z 5959 205510 13440
R eturn Plenum Cutlet 535 0.005355 7782 954 2892789 -
Ay Density x Heat Capacily x Conversion Factor At sea kevel = 1.080; At sfe attdude = 1.058 BT A= CAM-FR)
Aty Density x Heat of Vaporization x Conversion Factor: At sea Jevel= 47466, At ste aitiude = L6507 BT he GV
Shte AltRucde = Sed.0 #
TABLE 2: ZOMNE DATA
Zone Terminal Fone
Sensible Zone Zone Zone co2 Heating Heating
Load T-stat Cond Temp| &irflow Level Coil Unit
ZoneHame (BTUMhr} Mode | (BTUhr) (F}) {CFM} (ppmj (BTUMNr} (BTUMr} |
O 00-Computer Closet 7735 Cooling G526 7.1 329 a1 u] u]
101 -Classroom 23080 Cooling 55636 G0.4 1440 956 u] u]
D 102-Classroom 25090 Cooling 38636 50.4 1440 956 o] u]
D1 03-Classroom 25080 Cooling 38636 50.4 1440 556 o] u]
D 104-Classroom 29423 Zooling 41465 TE 173 959 o] u]
D 105-South Wedibule 4303 Zooling 5401 4.1 267 594 o] u]
C114-Corridar 20576 Cooling SE4E1 851 1146 590 o u]
Figure 2 — Zone Temperatures
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Inspect the values in the Zone Temp column to identify the zones that are out of range. Next, examine the tabular and graph
data from the Hourly Zone Loads Reports (see Figures 3 and 4).

It can be seen from Figure 3 that the Hourly Hourly Zone Loads for AOS - Project 2 - Wing D PFPMXB
. - Project Mame: Fone Tstat Check article 010452006
Zone temperatures for the design day in Prepared by 12:15EM
July are out of range for all hours of the TR
. . DESIGH MONTH: JULY
day. The graph helps to visualize the load ZOHE TERMINAL|  TERMIRAL ZONE
OA| ZOHE ZOHE|  SEMSIBLE ZOHE COOLING HEATING HEATIHG
profile. TEMP | TEMP| RH mnré_gg LOAD colln co colL UNIT)
0000 B o] - 0.0 222395 0.0 0.0 0.0 0.0
0100 T T [ 215257 00 0.0 0.0 [
) 0z00 790 Ti12] - ] 21654 0 00 i i 00
Internal loads commonly dominate zones L L |
— 0500 768 11az] - [ 20960.3 00 0.0 ] 0
that are out of range. The graph in Figure 4 800 | 767| mea| 32 EX] 211675 5480 00 00 00
; . 0700 F N T 33,9 20T FE6T.2 0.0 00 [
shows that the Zone Sensible load is rather o ) o ] — 20 20 22
Dog 520] _g35] 3% 32.9 25573.0 33318 0.0 0.0 [
constant 24 hours a day However, the 100 B4G| ©626| a6 359 254393 20826 00 00 0.4
o 200 =) I T 32.9 25066.5 07401 0.0 0.0 [
Zone Conditioning indicates an 11-hour on- w00 | —so0[ cod[ S — 00 20 05
500 545] 797 3 329 250335 37564 5 0.0 0.0 [
cycle for zone temperature control. B0 | o50] 791 40 EK] ] BI040 1.0 00 0.0
700 945|003 - [ 25801 5 0 0.0 0.0 [
500 $.2] 1o25] - [ 254139 00 0.0 0.0 [
300 g12] 1037 - [ 20748.7 00 0.0 0.0 [
2000 s8] 1038 - ] 24054.7 i 0.0 i [
2100 64 1050 - [ 234772 00 0.0 0.0 [
2700 544] o70] - ] 230027 i Y] i ]
2300 5260 oea] - ] 225872 00 0.0 0.0 00

Figure 3 — Hourly Zone Loads Report

LE Hourly Zone Design Day Loads for A09 - Project 2 - Wing D PFFMXB
Project Mame: Zone Tstat Check article 01./04/2006
Prepared by 12 32PM

Zone: D102-Classroom

Diata for July

Zane Sensible Zone Conditioning

BETUshr
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Figure 4 — Hourly Zone Design Day Loads
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Examination of the internal load schedule shows that these loads are constant over time as indicated in Figure 5. A more
realistic schedule should be considered as shown in Figure 6.

If the internal loads are constant for a long period of time, the on-cycle for cooling should be extended. In HAP, this is the Fan
and Thermostat schedule used with the Air System.

Ml Schedule Properties - [100%] 5"
Schedule Type  Hourly Profiles | Assignments |
Prafile: IF'lofiIe One ﬂ <
i =]
1] 100%
- 100%
F -90% = =3
F - B0%
L L -70%
L L -B0%
- -B0% & =
L L - 40%
FHE -30%
- -20%
L %
e o) e
gpoooooooootTt1111111112222 °°
0123456783901 234567890123 2
Figure 5 — Schedule Properties — 100%
Ml Schedule Properties - [Lights - Classrooms] |
Schedule Type  Hourly Profiles I Assignments |
Profile: IDesign Day j
I B ——
0oz ==
- 100%
- 90% 4:Eneray -
- B0%
- 70z 1
- B0% = =
- 40%
[ - 30%
1 - 20%
b H [ -10%
LLLLLLLE e 5 5
gooooooooOoOt11111111112222
012345678901 234567890123 4
] I Cancel | Help |

Figure 6 — Schedule Properties, Lights - Classrooms
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Another way to diagnose this problem is to approach it as if it were a problem at job start-up. The first thing to try would be to
start the system up earlier in the day to see if a longer run-time will bring the temperature under control. Adjust the Fan and
Thermostat schedule, re-run the calculations, and check the results.

Another possible solution would be to cool with a set-up temperature during the unoccupied period. Adjust the unoccupied

setpoint values in the Air System input, make Unoccupied Cooling Available, and re-run the calculations and check the results
(see Figure 7).

[ Air System Properties - [AD9 - Project 2 - Wing D PFPM x|

General| System Components  Zone Components | Sizing Data | Equipment |

[V Spaces — Thermostat and Zone Data

[ | Themostats ¥ &l zone Tetats set the same 4 I 2 I Zone Al of 7

v Supply Terminals Zone Mame I.-'l'-.II Zohes j

I¥ Zore Heating Urits | Cooling T-stat Setpoints oo, I?g_n *F unocc. g5 °F
Heating T-ztat Setpoints faledo I?D_D F wnoce. [gnpo CF

['\XS T-gtat Thiottling Fange |3_|:||:| F
Diversity Factar |-| 0o 4
Direct Exhaust Sirflow ||:|_|:| CFH

Direct Exhaust Fan Fw 0o fhs
- Shared D ata
Thermastat EChEdeI IDccupied Schedule - Clazgroom j
_Qnu:u:u:upied Coaling is _ﬁ' EE " Mat available

Figure 7 — Air System Properties — Zone Components
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The last possible solution is to put more air into | Air System Properties - [AD9 - Project 2 - Wing D PFPM

the problem zones by using the User-Defined General| System Components | Zone Companents  Sizing Data I Equipment |
sizing option in the Air System Sizing Data tab

. . —ﬂq\gle Sizing D ata
and re-run the calculation (see Figure 8). ¥ System Sizing
v Zone Sizing

|5

Zong Airflow Sizing Method | pezk 20me sensible load

=l
) ) ) Space Airflow Sizing Method | - i cident space loads -
This error and the possible solutions to correct E =

Sypply Zu:une_Htg Beheat Coi FPE
this situation are due to inherent characteristics Sizing Data is Zone Al rit Fan

CFM | MEH MEH CFM
of the Transfer Function Methodology. r Eiﬂgﬁ;@d D100-Computer Closet (4301 | i3 |25 =
See HAP e-Help 004 - Transfer Function & Dsei BulBEloss oy sl [15.0 G

o ) Defined D102-Clazzioom 14339 |15.EI 1716
Methodology (TFM). Stage-one sizing is D1 03-Classraom 14399 50 [i716
performed with the system held at a constant D104-Llassraom 17308 |20.4 2728
tor 241 o D105-South Vestbule  [3533 3.2 |

temperature for 24 hours. Stage-two then D114 Conidor e | 55 EX =
simulates the system operation using the
stage-one sizing. If there are any problems, the
Zone T-stat Check will alert the designer that Figure 8 — Air System Properties — Sizing Data

changes to the model should be considered.

At this time, HAP does not have a warning indication to check for zone heating temperatures out of range. To check for
heating temperatures out of range, look at the System Psychometric Report for winter and inspect the zone temperatures.

This would be similar to Figure 2, Table 2 but for heating.
This concludes the explanation of the "Zone T-stat Check" and how to troubleshoot and remedy this problem should it occur.

The HAP program is a true HVAC system simulation tool, not just a load calculation program and as such can often be used

to troubleshoot system design or operational problems.
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