Python in the VE

VE Scripts — working with ApHVAC

What? the ApHVAC object airsideand waterside hierarchies and GET ApHVAC component results We also
demonstrate adding this result datato a Pandas dataframe manipulating thedataframe and exporting the
dataframe to a variety of output formats

5 As we have seen aVE data model can becomplex, by building reusable functions we can automate the work

Why' and the scripts we create stay readable. By creating functions that reflect ApHVAC airside, waterside, loops etc.
we work in terms that users will find familiar. We utilise nested DICTs as introduced in previous articles. Pandas
is apowerful tool; once in a dataframe dataanalysis, plottingand exportis straightforward
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23 import iesve

24 import pandas as pd

25 from datetime import date
26 from ies file picker import IesFilePicker
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121 output = []

122 hvac = iesve.HVACNetwork

123 network = hvac.load_network(results_file_reader.hvac_file)

124 ©  for system in network.systems:

E output.append(system. id)
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127 L return output
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145 output = []

146 hvac = iesve.HVACNetwork

147 network = hvac.load_network(results_file_reader.hvac_file)

148 € if type == ‘hul’

149 output = network.hot water_loop ids

150 elif type == ‘cwl':

151 output = network.chilled_water_loop_ids

152 = else:

153 print(’error: incorrect loop type')

154 [ quit()

155

156 - return output
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174 Q component_types = {

175 iesve.HVACRoom : 1,

176 iesve.HVACHeatingCoil : 2,

177 iesve.HVACCoolingCoil : 3,

178 iesve.HVACSprayChamber : 4,

179 iesve.HVACSteanHumidifier @ 5,

188 iesve.HVACJunction : 7,

181 iesve.HVACDuct : 8,

182 iesve.HVACAirToAlrHeatEnthalpyExchanger : 18,

183 iesve.HVACBoiler : 13,

184 iesve.HVACPLCChiller : 14,

185 iesve.HVACFan : 15,

186 iesve.HVACDamper : 16,

187 iesve.HVACUnitaryCoolingSystem : 18,

188 iesve.HVACDedicatedwatersideEconomizer : 19,

189 iesve.HVACEWCChiller : 2@,

198 iesve.HVACEnhancedBeiler : 21,

191 iesve.HVACEACChiller : 23,

192 iesve.HVACDXCoolingInstance : 24,

193 iesve.HVACChilledwaterLoop : 26,

194 iESvE.HVA(HDtWatEr‘LGGp 1 28,

195 iesve.HVACGenericHeatSource : 29,

196 iesve.HVACHeatPump : 30,

197 iesve.HVACSolariaterteater : 32,

198 iesve.HVACHeatTransferLoop : 33,

199 iESvE.HVA(WatEr‘Air‘HEatPump : 34,

260 iesve.HVACGenericCoolingSource : 35,

201 iesve.HVACRadiatorRoom : 36,

282 iesve.HVACChilledCeiling : 37,

283 iEst.HVA((DndEnsEr‘WatEPLGGp : 38,

204 iesve.HVACCoolingTower @ 39,

285 iesve.HVACDryFluidCooler : 49,

206 iesve.HVACPreCoolingloop : 41,

287 iesve.HVACWaterSourceloop : 42,

288 iesve.HVACWaterWaterHeatExchanger : 43,

209 iesve.HVACPCMBattery : 44,

210 iesve.HVACPump : 45,

211 iesve.HVACSolarAirCollectorBIST : 58,

212 iesve.HVACAirFilter : 51,

213 iesve.HVACPLenum : 52,

214 iesve.HVACThermalStorageloop = 53,

215 | iesve.HVACThermalStorageTank = 54}

216

217 9 try:

218 component_type = component_types[ type(component)]

219 & except:

228 F component_type = @

221

222 # Handle heating coils model type
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We create series of functions to help access VE ApHVAC compo nent data. We use these functions to navigate

To use this script example you needto
make a suitab le VE Model and set
detailed simu lation output ON

I have collapsed these two functions
to simply keep the line count down in
this long PDF. Have a look at them ...

the first produces a DICT that maps
room id & room name. The second

if component_type ==
if component.model_type == iesve.HeatingCoiltodelType.simple_heating coil:
component_type = 2

elif component.medel_type

iesve.HeatingCoilModelType. advanced_heating_coil:
component_type = 27

# Handle cooling coils model type

if component_type == 3:

if component.model_type == iesve.CoolingCoilModelType.simple_cooling_coil:
component_type = 3

elif component.model type == iesve.CoolingCoiltiodelType.advanced_cooling coil:
component_type = 25

# Handle heat pump type

if component_type == 3a:

if component.model type == iesve.HVACHeatPumpType.air water_heat_pump:
component_type = 3@

elif component.model_type == iesve.HVACHeatPumpType.air_air_heat_pump:

component_type = 31

return component_type

246 Odef hvac_airside_sys_compenent_ids(results_file_reader, systems_ids):

276 Qdef hvac_waterside_L
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System id : {component i omponent ref, ty

output = {}
hvac = iesve.HVACNetwork

network = hvac.load_network(results_file_reader.hvac_file)

for system_id in systems_ids:
item = {}
for component in network. components:

if component.system_id == system_id:

# get component data
item[component.id] = (component.reference, type(component), hvac_component_type(component))
output[system_id]-item

return output

companent_ids(results_file_reader, loop_ids):

nhancedBoile (enhanced)

sutput = {}
hvac = iesve.HVACNetwork

network = hvac.load_netwerk(results_file_reader.hvac_file)

for loop_id in loop_ids:
item = {}

# Add loops
for loop in network.hot_water_loops:
if loop.id == loop_id:

item[loop_id] = (loop.reference, iesve.HVACHotiaterLoop, hvac_component_type(loop))

for loop in network.chilled water_loops:
if loop.id == loop_id:
item[loop_id] = (loop.reference, iesve.HVACChilledwaterloop, hvac_component_type(loap))

# Add loop components
for component in network.components:

##% Hot water loop, extend as required

# Radiators only use a HWL

if isinstance(compenent, iesve.HVACRadiator):
if component.heat_source.id == loop_id:

# Heating coils can use a HWL or other
if isinstance(component, iesve.HVACHeatingCoil):
if isinstance(component.heat_source, iesve.HVACHotWaterloop):

if compenent.heat_source.id == loop_id:

# MWL heat source can be boilers or heat pumps

# So use any component on the HWl to a list of equipment
try:
if isinstance(component.heat_source, iesve.HVACHotWaterLoop):

if component.heat_source.id == loop_id:
for equipment in component.heat_source.equipment:
! if isinstance(equipment, iesve.HVACBoiler):

if isinstance(equipment, iesve.HVACEnhancedBoiler):

if isinstance(equipment, iesve.HVACAbstractHeatPump):

except:

348 | pass
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##% Chilled water loop, extend as required
# Chilled ceilings only use a Cul

if isinstance(component, iesve.HVACChilledCeiling):
if component.cooling_source.id == loop_id:

item[component.id] = (component.reference, iesve.HVACChilledCeiling, hvac_c

# Cooling coils can use a QWL or other

if isinstance(component, iesve.HVACCoolingCoil):

if isinstance(component.cooling source, iesve.HVACChilledwaterLoop):
if component.cooling source.id == loop_id:

# The QWL cooling source is chillers

# So use any component on the CWl to a list of chillers
try:
if isinstance(component.cooling_source, iesve.HVACChilleduaterLoop):

if component.cooling_source.id == loop_id:

for chiller in component.cooling_source.chillers:
if isinstance(chiller, iesve.HVACEACChiller):

if isinstance(chiller, iesve.HVACEWCChiller):

if isinstance(chiller, iesve.HVACPLCChiller):

except:

pass

# Condenser water loop - on a chilled water loop there is only one condenser water loop
try:
if isinstance(component.cooling_source, iesve.HVACChilleduaterLoop):

if component.id

loop_id:

item[component. cooling_source.condenser_water_loop.cooling_tower.id] = \
(component.cooling_seurce.condenser_water_loop.reference,

except:

pass

try:
if isinstance(component.cooling source, iesve.HVACChillediaterloop):
if component.cooling source.id == loop id:
item[component. cooling_source. condenser_water_loop. cooling_tower.id] = \
(component.cooling_source.condenser_water_loop.cooling tower.reference,

except:

395 pass

output[Lloop_id]=item

return output

482  ©def get_dates(results_file_reader, startDay, endDay):
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# Get the weather file name from the APS file:

weatherFilellame = results_file reader.weather file

# Open the weather file:
weaFile = iesve.WeatherFileReader()

result = weaFile.open_weather_file(weatherfileName)
assert result is not Nome, “Error opening results file”
# Get the the year

startyear = weaFile.year

weaFile.close()

# Create data for x axis using Pandas date_range function

# Function setup to cater for varying time periods in aps file

# Note Pandas uses datetimesd [ns] thus date fromordinal output converted to string before use
startdate = str (date.fromordinal(date(startyear, 1, 1).toordinal() + startDay - 1))

# Setup frequency attribute for pd.date_range
# aps produces 6, 18, 30 or 60 min reporting intervals only
rpd = results_file reader.results_per_day

if rpd == 24:
.
elif rpd == 43:
Py = et
elif rpd == 144:
y = '18T"
elif rpd == 248:
y = 6T
else:
print ("aps interval not standard")
return

number_of_periods = (endDay#l - startDay) * rpd
dates = pd.date_range(startsstartdate, fregsy, periodssnumber_of periods)

return dates

def hvac_component_results(results_file_reader, systems_loops, group):

1D np data array}

# The group parameter enables a singe or multiple systems / loops
# Use it to convert the systems loops into a single dict
try:

cmpnts = {}

if group ‘all’:

for ¢ in systems_loops:
for i in systems_loops[c]:
cmpnts[i] = systems_loops[c][i]

els

cmpnts = systems_loops[group]
except:
print(‘Incorrect function parameter')
quit()

# Create an empty dict for the results data
output = {}

# Loop through the cmpnts dict and get results
# Remember to to check the default aps units (not as VistaPro)

for cmpnt in cmpnts:

type = cmpnts[empnt][2]

# Handle an error reading the aps file

try:

if type in (3,25): # HVAC Cooling Coils

results = results_file_reader.get_hvac_component_results(cmpnt, type, "Total load')
label = cmpnt + * Clg coil total load W'

output[label] = results

elif type in (14,20,23): # HVAC Chiller

results = results_file_reader.get_hvac_component_results(cmpnt, type, ‘load’)
label = cmpnt + * Chiller load ¥
output[label] = results

elif type in (39,): # HVAC Cooling tower

results = results_file reader.get_hvac_component_results(cmpnt, type, ‘Heat rejection’)
label = cmpnt + * CT heat rejection W'

output[label] = results

elif type in (2,27): # HVAC Heating Coils

results = results_file_reader.get_hvac_component_results(cmpnt, type, 'Sensible load')
label = cmpnt + ° Htg coil Sensible load W'

output[label] = results

elif type in (13,21): # HVAC Boilers

results = results_file_reader.get_hvac_component_results(cmpnt, type, "Load’)

label = cmpnt 4 ° Boiler load W'

output[label] = results

elif type in (31,): # HVAC AAHP

results = results_file_reader.get_hvac_component_results(cmpnt, type, ‘Sensible load')
label = cmpnt 4 ° AAHP load W'

output[label] = results

elif type in (28,): # HWL

label = cmpnt + ° HWL primary supply degC’
output[label] = results
elif type in (26,): # CWL

label = cmpnt + * CHL primary supply 1/5°
output[label] = results

else:  # default

#print(cmpnt, type,’ is not coded yet')
pass

except:

print("For HVAC component ID: ", cmpnt, type, +
"ensure ApacheSim HVAC output options are ON or review HVAC network for unused components \n")
pass

the APS file does not contain data;

return output

# Main loop
if _name__ ==

# Set module variables
project = iesve.VEProject.get_current_project()
ve_folder = iesve.get application_folder()

# Get an aps file selection from user
aps_name = IesFilePicker.pick_vista_file([(“Aps files”, "*.aps")], “Select an APS file")

# Open the aps file once and pass results reader object to functions
# The aps file remains open for all statements within the same indented section
with iesve.ResultsReader.open(aps_name) as results_file_reader

assert results file_reader is not None, "Error opening results file”

# Get a list of all real model bodies
project = iesve.VEProject.get_current_project()
realmodel = project.models[8]

bodies = realmodel.get_bodies(False)

# Get rooms key by id dict
rooms_all = get_room_dict(bodies)

# Get nested dict of hvac zone_group, hvac zone, room ids
zZones_group_rooms = get_zones_group_rooms_dict(rooms_all)
print(‘HVAC zones, zone groups & rooms ... , zones_group_rooms, \n')

# Network > system ids
systems_list = hvac_system_ids(results_file_reader)
print(’Systems ...', systems_list, "\n')

# Network > system > component ids & references

sys_airside_cmpnts = hvac_airside_sys_component_ids(results_file_reader, systems_list)
print(‘Components for airside systems °, sys_airside cmpnts, “\n')

# Hot water loop ids
fwl_list = hvac_loop_ids(results_file_reader, 'hul')
print(‘Hot water loop ids’, hwl_list, “\n')

# Hot water loops > component ids
hwl_cmpnts = hvac_waterside loop_component_ids(results file reader, hwl_list)
print(’Hot water loop waterside components', hwl_cmpnts, '\n')

# Chilled water loop ids
cwl_list = hvac_loop_ids(results_file reader, 'cul’)
print(Chilled water loop ids®, cwl_list, '\n")

# Chilled water loops > component ids
cwl_empnts = hvac_waterside loop_component_ids(results_file reader, cul list)
print(’Chilled water loop waterside components’, cwl_cmpnts, "\n')

#### Examples getting results data

4 Get results data for some airside components for one system - enter id
datal = hvac_component_results(results_file_reader, sys_airside_cmpnts, ‘PRO34 07')

# Get results data for some airside components for all systems
data2 = hvac_component_results(results file reader, sys airside_cmpnts, "all’)

# Get results data for waterside components for a specified Hot water loop - enter id
data3 = hvac_component_results(results_file_reader, hul_cmpnts, 'H3800099°)

# Get results data for waterside components for all Hot water loops
data4 = hvac_component_results(results_file_reader, hwl_cmpnts, 'all')

# Get results data for waterside components for a specified Chilled water loop - enter id
dstaS = hvac_component_results(results file reader, cwl cmpnts, 'HLB028EE")

# Get results data for waterside components for all Chilled water loops
data6 = hvac_component_results(results_file_reader, cwl_cmpnts, 'all')

# Create an example Pandas dataframe

start_day = results_file_reader.first_day

end_day = results_file reader.last_day

dates_index = get_dates(results_file_reader, start_day, end_day)
f = pd.DataFrame(data6, dates_index)

# aps file is now closed

# Simple examples of using Pandas
# Get a list of the existing column names

cols = list(df.columns)

# Add a new column using the last column of the df
# and apply a safety factor to this new column
last_column_name = cols[-1]

new_column_name = last_column_name + ' +20%°
df[new_column_name] = df[last_column_name] * 1.20

print(df)

# Exporting the dataframe
df.to_csv( HVAC_aps_data.csv”)

#df.to_excel(HVAC aps_data.xlsx")
#df.to_json('HVAC_aps_data.json")

Sample output:

>>> Run start, Tue Oct 26 15:2:
HVAC zones, zone groups & rooms

Systems ... ['PRO34 87', 'PR@61 87']

item[component.id] = (component.reference, iesve.HVACRadiator, hvac_component_type(cemponent))

item[component.id] = (compenent.reference, iesve.HVACHeatingCoil, hvac_compenent_type(component))

item[equipment.id] = (equipment.reference, iesve.HvACBoiler, hvac_component_type(equipment))

P - type(component))

item[component.id] = (component.reference, iesve.HVACCoolingCoil, hvac_component_type(component))

item[chiller.id] = (chiller.reference, iesve.HVACEACChiller, hvac_component_type(chiller))
item[chiller.id] = (chiller.reference, iesve.HVACEWCChiller, hvac_cempenent_type(chiller))

item[chiller.id] = (chiller.reference, iesve.HVACPLCChiller, hvac_component_type(chiller))

# Cooling tower - on a chilled water loop there is only one condenser water loop and one cooling tower

results = results_file_reader.get_hvac_component_results(cmpnt, type, ‘Primary supply temperature’)

results = results_file_reader.get_hvac_component_results(cmpnt, type, ‘Primary loop supply water flow')

. {’AHU2’: {’L@@: Room (C)': ['L8e@AAAs’], 'Lel: Room (C)’: [ LOGGEEAA’]},

#

item[equipment.id] = (equipment.reference, iesve.HVACEnhancedBoiler, hvac_component_type(equipment))

iesve.HVACCondenseriaterLoop, hvac_component_type(component.cooling source.condenser_water_loop))

produ ces a nested DICT that lists hvac
zone group > hvac zone > list of oom
ids

This function creates a list of airside
system ids i.e.

We pass in aresults reader object so
we only have to open itonce

Createan empty list

Load the HVAC network linked to the
results reader object

Loop through the systems to get the
id attribute & add to thelist

Watersideloops serve one or more
airsidesystems

We pass in aresults reader object so
we only have to open itonce plus a
typeso we only need one function for
both loop types

Createan empty list

Load the HVAC network linked to the
results reader object

Check the type parameter and call for
the loop ids

This function automates the look-up
of component type number for use
with results reader

Most components have aone-to-one
type mapping; however a few have
model-types.

This DICT maps component ENUM to
typ e number

Using a TRY statement; is the TYPE of
the component listed in the DICT
keys? If is retum the typenumber for
the key, if notretum 0

For types that have model-types now
check the model-type ENUM

Forall airside systems create a nested
DICT of system id and componentids
and foreach component id
component data

Createan empty all systems DICT

Load the HVAC network linked to the
results reader object

Loop through each airsid e system
Create an empty DICT for each system

Loop through each component; if it
belongs to the system ...

... add the componentid as akey &
the attributesas a listas the value to
the system DICT

Then add each system DICT to theall
systems DICT

Forall waterside loops create a
nested DICT of loop id and
componentids and for each
componentid componentdata

However waterside loops, unlike
airside, includ e hierarchies thatwe
need to diveinto to getallthe
components involved with each loop

Createan empty allloops DICT

Load the HVAC network linked to the
results reader object

Loop through each waterside loop
Createan empty DICT for each loop

Add the loop itself to the DICT

Add matching components on the
loop to the DICT ... hot water first ...

Radiators are directly on a HWL loop.
The isinstance function retums true if
the object is of the specified type

Coils may not be on the HWL loop so
checkthe coil heat source is a HWL
and the loop id matches

AHW Lissupplied by aheat source,
so check ff it is heat source using a
TRY statement and if the loop id
matches

Aheat sourcehas a listof equipment,
so go through thelist and check fora
match

Part load Curve boiler

# Hot water boiler

item[equipment.id] = (equipment.reference, iesve.HVACAbstractHestPump, hvac_component_type(equipment))

Add matching components on the
loop to the DICT ... now chilled water

... this is like the hot water
components above ...

... thereis a one-to-one relation ship
with condenser water loop

... add the componentid as akey &
the attributesas a listas the value to
the loop DICT

iesve.HVACCoolingTower, hvac_component_type(companent.cooling source.condenser_water_loop.cooling_tower))

Then add each loop DICT to the all
loops DICT

To createthe Pandas dataframe we
need a datetime index; this is used
forthe row labels so we can comrectly
manipulate, analyse and chart the
data

Use the results reader object to get
the associated weather file

Open the weatherfile to get the year
attribute; this is important so that we
start the datetime indexon the
comrectday of the week

Use date(startyear, month=1, day=1)
to create a date object from the date
class from the datetime module.

Use toordinal to converta number
and adjust for startDay parameter.
Use fromordinal to convertback to a
date object.

Use strto convert to astring

Use the results reader function
results per day to find the numberof
datavalues per 24 hours

Setthe frequency string

Determine the number of data points

Use the Pandas date ran ge function
to generate therow index

This function is set-up to be generic;
itgets ApHVAC results data for the
components on asingle system or
loop or multiple systems or loops

If group = all we need to concatenate
the systems into one DICTof
components

If group = id we need to get the DICT
of components with the key = id

It is in a TRY statementto catch an
incorrect string entry by the user

Createan empty DICT for the output

Important !
Accessingthe nested data ...
DICT [KEY] [Index in list 0,1,2]

As not all components are
components we are seeking data for
or thedata maybe missing use a TRY
statement

Use typeto filterto set up the correct
parameters for the GET component
results function

Createa uniquelabel form the
componentid, the results variable
and the aps native units

Use the unique label as a key to add
the results to the output DICT

Outputa useful message

Get the user to pick an apsfile

As many functions need theresults
reader object we open it onceand
pass it to each as a parameter

The with .... statement opens the aps
file and automatically closes it after
the following statements end
(indented)

All the effort creating functions now
pays off as one-line callsto getthe id
DICTs

Using the id DICTs to call the
hvac_component_results generic
function in avariety of ways

Whilst the results reader objectis
open we get the start & end days that
we need to create an index and then
create the Pandas dataframe

As asimpledemonstration... we get a
list of the dataframe column names,
take a slice of the list (last column), to
make anew column name

... and use the new column name to
add a new column to the dataframe
with data that is x1.2 of the last
column’s data

Pandas has many very useful
functions for export. It is also directly
supported by many charting libraries
making charting straightforward

"AHUL": {'L@1: Room (P 1): ['L@@@eees’], 'Lea: Room (P

Components for airside systems {'PR@34 87': {'': (', <class 'iesve.HVACDuct'>, 8), 'RA@@@A6’: ('Adiabatic’, <class 'iesve.HVACComponent'>, 8), 'RAG@E11°: ('Adia

Hot water loop ids ['HS@8000° ]

Hot water loop waterside components {’HSB@@®@@ : { HC@P2833': ('M2: Zone terminal reheat coil’, <class 'iesve.HVACHeatingCoil'>, 27), 'HC@@2831': ('M2: Zone termina

Chilled water loop ids ['KL@@@@oa’ ]

Chilled water loop waterside components { WL@@@@@@ : {'CC@8A788": ('S3: AHU-1 Cooling coil - Sys 7', <class 'iesve.HVACCoolingCoil'>, 25), 'CR@@@@A1’: ("EWC Chiller

{"*: ("', <class 'iesve.HVACDuct'>, B),
("', <class iesve.HVACDuct'>, 8),

(*Adisbatic’, <class 'iesve.HVACComponent's, @),
(*Adisbatic’, <class 'iesve.HVACComponent'>, @),

(*M2: Zone terminal reheat coil’, <class 'iesve.HVACHeatingCoil'>, 27), 'HC®@2831':

(*S3: AHU-1 Cooling coil - Sys 7', <class 'iesve.HVACCoolingCoil'>, 25), 'CR@@@@E1"

("S3: AHU-1 Cooling coil - Sys 7', <class 'iesve.HVACCoolingCoil'>, 25), 'CR@@@@E1"
CCopa78e Clg coil total load W \

20081-81-01 . Boe000
20081-81-01 8.000000
20081-81-01 8.000000
20081-81-01 8.000000
20081-81-01 8.000000
20081-81-01 8.000000
20081-81-01 8.000000
20081-81-01 8.000000
20081-81-01 8.000000
20081-81-01 391.265228
20081-81-01 2288.323486
20081-81-01 2333.791260
20081-81-01 2418.727851
20081-81-01 2226.800049
20081-81-01 2024.327148
20081-81-01 1879.0869588
20081-81-01 1753.415894

("Adiabatic’, <class 'iesve.HVACComponent’>, 8), 'H
{ ("Adiabatic’, <class 'iesve.HVACComponent’>, 8), 'H
{'HCBB2833': ('M2: Zone terminal reheat coil’, <class 'iesve.HVACHeatingCoil'>, 27), 'HC@@2831': ('M2: Zone terminal reheat coil’, <class 'iesve.HVACHeatingCoil's,
"M2: Zone terminal reheat coil’, <class 'iesve.HVACHeatingCoil'>,
"EWC Chiller with default values and VSD sec’d pump, 2-sp clg tow
("EWC Chiller with default values and VSD sec’d pump, 2-sp clg tow
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