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July 17 2018
Subject: T R AComElianZeOnh ANSBASHRAE Standard 142011

Dear TRACE User:

We are pleaseainform you that TRACE 700 v6.3uas tested in compliancetiv
ANSI/ASHRAE Standard 14@011, Standard Method of Test fdre Evaluation of Building
Energy Analysis Computer Progranest results, supplemented by graphs and explanatory
notes, accompany this letter.

As you may know, ANSASHRAE/IESNA Standard 90, Energy Standard for Buildings,

Except LowRise Residential Bldings, stipulates that any computer program that is used to
demonstrate code compliance via the performance
tested in accordance with Standard TARACE 700 v6.3.4as completed the BESTEST

validation for calculdon and comparison with similar analysis programs as required by

ASHRAE Standard 140.

Standard 90.1 defines minimum requirements for the design of ee#iggnt buildings and is

used by many stateand localcede i t i ng bodi es raesd tihre tAhsetiarn djawrdi sodf
Building-energy simulation programs, such as TRACE 700, are used to estimate the difference in

energy costs between the designd budgebuilding models specified in Section 11 of Standard

90.1.

If you have questions abouttiesting documentation that accompanies this letter, or about any
of Tranebs design and analysis tool s, pl ease cor
787-3926 or emailing cdshelp@trane.com.

Best regards,

Caitlin Bohnert
ASHRAE Standard 12! Coordinator

Trane C.D.S.

Attachments: Results and modeling notes from Standard 140 testing of TRACE 700
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STANDARD 140 OUTPUT FORM - MODELING NOTES
SOFTWARE: TRACE 700

Simulated Effect (1):

Loads modeling

Optional Settings or Modeling Capiéties:

Cooling Load Methodology Options:

TETD-TAL -- Response factor TETD/Tim&veraging method

CLTD-CLF (ASHRAE TFM)-- Exact Transfer Function Method

TETD-TA2 -- Approximate TETD/TimeAveraging method

TETD-PO-- Approximate TETD with Post Office Weiging

CEGDOE2-- Exact TFM method with CEXDOE 2.1c constraints

RP359-- ASHRAE Research Project 359 Method

RTS (ASHRAE Tables)- Radiant time seriesoefficientsbased on 2001 Hof table
lookup

RTS (Heat Balance} Radiant time seriesoefficientsbasedn heat balance

Setting or Capability Used:
RTS (Heat Balance)} Radiant time seriesoefficientsbased on heat balance
Physical Meaning of Option Used:

Each r oo mo s-sokaoRadiant Time Skeries valnes are calculated based on the
rigorous Heat Balance method described in the 2001 ASHRAE Handbook of
Fundamentals using algorithms found in the ASHRAE Toolkit for Building Load
Calculations. This RACE load methodology also calculates the amount of solar gain

lost through retransmission back ¢lutough thevindow. These heat balanderived

RTS values are implemented in a manner similar to custom weighting factors used by the
DOE 2.1 energy analysis program.

Simulated Effect (2):

External heat transfer

Optional Settings or Modeling Capab#is:
Outside Film Methdology Options:
Constant (as defined in construction library)

Vary with wind speed: per the 1985 ASHRAE Handbook, P. 28.5
Vary with wind speed & direction, argil': per the MOWITT model



Vary with wind speed & directiorgl, and surfae roughness: per the TARP model

Setting or Capability Used:

Constant (as defined in construction library)

Physical neaningof option wsed:

The internal and external surface coefficients were set equal to the values provided in the
standard.



DOCUMENT BELOW THE REASONS FOR OMITTING RESULTS

List the case(s) where results were omitted, and which results méted
for thecase(s):

CASE960i CASE960 models a passive solar sun room using a modified Trombe wall.
In order to model this configuratiohd associated algorithm would need to compute:

a) The hourly proportion of solar radiation absorbed by the individual sunlit
surfaces within the sunlit portion of the Trombe wall

b) Theeffectof introducing infiltration in the Trombe wall section

c) Adjacent space heat transfer between the Trombe wall and the interior
room.

The required inputs to model this type of configuration are not available in TRACE.



STANDARD 1407 EXTENDED COMMENTS T E100 TO E200
Action taken to update code:

1) The TRACE rom humidity ratios were half of the benchmark results, a result of the
TRACE coil curve algorithm being unabledastinguisha "dry coil" condition. This

routine (SSCRV.FOR) was therefore modified to test for a dry coil condition by
estimated the hourly dapparatus dew point, ADP. When the hourly coil entering dew
point, CEDP > ADP, this indicates a dry coil and so CLWC = CEWC, and only sensible
cooling can occur.

2) The TRACE condenser fan energy consumption was found to be excessively higher
than thebenchmark values. This occurred because TRACE was not taking into account
the fact that when unitary equipment cycles off for a portion dfoam;the condenser

fan must cycle off the same amount. The CONDFN.FOR routine was therefore modified
such that wan OADB > 95F, the max condenser fan demand is multiplied times the
cycle on ratio. The off cycle time reduction could not be applied to other ambient
conditions because of other assumptions built into the routine.

3) The TRACE System Simulation does watrently have the capability to vary the
cooling coil capacity as a function of inlet conditions (this is only available in the
Equipment Simulation). TRACE simply assumes that the cooling coil gapiystine
SADBc (and associated CLRBcalculated at dem for all entering conditions.
Therefore, in order to get better agreement between TRACHarmhchmark
programs, the DSAD8Min/Max values were calculated for eactsé&ries case

Other notes:

4) The agreement between the Envelope latent and se=malbes match very closely for
all E-cases. This means that the envelope and internal load values defined in the TRACE
files were correctly input.

5) After the SADR: Min/Max values were specifically inpéor each of the ECases in
aternativel, the esults for the evaporator, supply amshdenser fans match the
benchmark programs very closely.



STANDARD 1407 EXTENDED COMMENTS T E300 TO E545
Action taken to update code:

1) The TRACEequation for Solair temperaturead a constant term (21 BtuBjfto
represent the longwave correctignil i.e., SOLAIR(IHR)= OADB(IHR) + RTOT *
ALPHA / HOSLAB(IHR) - (21/ HOSLAB(IHR)) * PCSKY. However, this term should
actually vary with the outside surface emigsiysee p. 30.22 of the 2005 ASHRAE
Handbook of Fudamentalsand so was changed t8&OLAIR(IHR)= OADB(IHR) +
RTOT * ALPHA / HOSLAB(IHR) - (EMISS*20 / HOSLAB(IHR)) * PCSKY where
PCSKY is 0 for vertical surfaces and 1 for horizontal surfaces. This change has no effect
on wall heat transfer but will havestight effect on roof heat transfer since EMISS
defaults to 0.9 and ®ISLAB typically is 3 Btu/(hft?-F) and so the
EMISS*20/HOSLAB term yields-0.9*20/3) =-6 F TDvs.(-21/3) =-7 F TD for theold
method. However, in the Standdrdl0 E300545 cases, ib HOSLAB and EMIS were
defined as very small to model an adiabatic surface and s2theHOSLAB(IHR))
term yielded a high negative value.

Other notes:

1) The Standard 140 test cases E300 and H10245 assume an unrealistically low
thermal massf near zero for the base case building which causes instability in the
TRACE temperature drift model. To correct this, the default Room Mass for these cases
was changed from "Time delay basedaztual mass" to "Light (30 H#t?), 3hr.lag".

2) As notel for the E100 to E200 comments, the TRACE System Simulation does not
currently have the capability to vary the cooling coil capacity as a function of inlet
conditions (this is only available in the TRACE Equipment simulation). TRACE simply
assumes that ¢hcooling coil can supplthe SADR: (and associated CL2B calculated

at design for all entering conditions.

3) As noted for the E100 to E200 comments, the TRACE System Simulation does not
currently have the capability to vary the cooling coil capacity asction of inlet
conditions (this is only available in the TRACE Equipment simulation). TRACE simply
assumes that the cooling coil can syppe SADBc (and associated CLDBcalculated

at design for all entering conditions which causes the fan etetgg/larger than
necessary. Therefore, in order to get better agreement between TRA@E an
benchmark programs, the DSADHiIn/Max values were calculated for each these cases
and input as follows: E500=17C, E510=16C, E520=7.1C, E522=20C, E525=27C,
E530=TC, E540=15C and E545=27C.

4) The capacity and ambient unloading curves used with the Air cooled split condenser
used for the E30&545 datasets were imported from thmeEgyyPlusdataset provide by
Linda Lawrie. Since BergyPlugdoes not model the condemgan separately but

TRACE does, the unloading curves could be improved for TRACE by eliminating the



condenser fan kW from the raw data used to generate those curves. The power unloading
curve is the same as was used for the E100 series.



STANDARD 1407 EXTENDED COMMENTS T POWER UNLOADING CURVE
Power unloading curve derivation:
Start with CDF = 1 0.229 x(1-PLR) from Figure 10, p. 33

FracFLPower = PLR / CDF

PLR CDF FracFLPower
1 1 1

0.9 0.97710.92109303
0.8 0.95420.838398659
0.7 0.93130.751637496
0.6  0.90840.660501982
0.5 0.88550.564652739
0.4 0.86260.463714352
0.3 0.83970.357270454
0.2 0.81680.244857982
0.1 0.79390.125960448
0 0.771 0

FracFLPower = 1.2972 x PLR0.387947 x PLR+ 0.12333 x PLR- 0.043606 x PLR+
0.010931 x PLR

Createdcoolingequipment power consumed member: "Std 140 Case E100"



ASHRAE Standard 140-2011, Informative Annex B8, Section B8.1

Figure B8-1. BESTEST BASIC
Annual Incident Solar Radiation
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Figure B8-2. BESTEST BASIC
Annual Transmitted Solar Radiation - Unshaded
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Figure B8-3. BESTEST BASIC
Annual Transmitted Solar Radiation - Shaded
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Transmissivity Coefficient

ASHRAE Standard 140-2011, Informative Annex B8, Section B8.1

Figure B8-4. BESTEST BASIC
Annual Transmissivity Coefficient of Windows
(Unshaded Transmitted)/(Incident Solar Radiation)

0.800

0.700

0.600

0.500

0.400

0.300

0.200

0.100

JMDMIMDMUHd’UuUo s

77777777

MLIDIDM1I9ING
777 7

0.000

620 WEST 600 SOU

|
I

.
]
2
@]




Figure B8-5. BESTEST BASIC

Annual Overhang and Fin Shading Coefficients
(1-(Shaded)/(Unshaded)) Transmitted Solar Radiation
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ASHRAE Standard 140-2011, Informative Annex B8, Section B8.1

Figure B8-6. BESTEST BASIC
Low Mass Annual Heating
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ASHRAE Standard 140-2011, Informative Annex B8, Section B8.1

Figure B8-7. BESTEST BASIC
Low Mass Annual Sensible Cooling

.._zl

10

o (o] <t o™

(UMIN) peoT] Bujjood Jenuuy

650
Case 600

640
Case 600
with Htg.

630
E&W
Windows

395 430 600 610 620
S.Windows East & West
+ Overhang Windows

Solid
Conduction

with Night
Ventilation

South
Windows

Opaque
Windows

Temp.

+ Overhang

Setback

& Fins

QESP/DMU @BLAST/USHT nDOE21D/NREL BSRES-SUN/NREL BSRES/BRE OS3PAS/SPAIN mTSYS/BEL-BRE BTASE/FINLAND @TRACE 700




ASHRAE Standard 140-2011, Informative Annex B8, Section B8.1

Figure B8-8. BESTEST BASIC

Low Mass Peak Heating
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ASHRAE Standard 140-2011, Informative Annex B8, Section B8.1

Figure B8-9. BESTEST BASIC
Low Mass Peak Sensible Cooling
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ASHRAE Standard 140-2011, Informative Annex B8, Section B8.1

Figure B8-10. BESTEST BASIC
High Mass Annual Heating
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Annual Cooling Load (MWh)
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ASHRAE Standard 140-2011, Informative Annex B8, Section B8.1

Figure B8-11. BESTEST BASIC
High Mass Annual Sensible Cooling
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Peak Heating Load (kW)

ASHRAE Standard 140-2011, Informative Annex B8, Section B8.1

Figure B8-12. BESTEST BASIC
High Mass Peak Heating
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