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Bob Davis, Ecotope
This document describes a procedure to determine heat pump performance at point of first installation. The procedure requires measurement of system airflow and temperature increase across the indoor coil during heating mode.  The measurements need to be performed with accurate instruments and recorded on a standardized form.  The expected temperature increase shall be found by reviewing manufacturer information.
The system is to be evaluated at the indoor unit during compressor-only heating mode (first stage heating).  The system should be operated at least 15 minutes before any readings are taken, and readings should be taken as close to the indoor coil as possible to give the system the best chance of performing as expected.  

Airflow readings should be taken when the system is believed to be in normal Stage 1 heating flow.  If the temperature rise method are used, it is important to take a static pressure reading during the test (done in emergency heat mode) and during normal operation so that a correction can be performed (if needed).  Also, for variable or staged-capacity compressor systems, the test should be run with all stages engaged.  (Or if the test is not run this way, the testing agent should be certain they know what stage is being tested and the expected airflow and sensible split values for this stage.)
These tests, along with a duct tightness test, address directly the main concern of home occupants, which is delivery of conditioned air to the inside of the home. 

At time of installation, other information shall also be recorded to demonstrate compliance with PTCS specifications.  This includes information on system SEER/HSPF, system filter type/location, outdoor thermostat function/settings, safety devices (accumulator, crankcase heater), condensate pan/drain, etc.  Most of this information can be gathered by inspection, but additional effort is required to test the outdoor thermostat and the condensate drain/pump.  

If refrigerant charge is weighed in by the installer, this information shall also be recorded on this form.  Line set length and any adjustments shall be recorded.  The weigh-in method is the most exact method of determining whether the system has the proper charge, but the installer should also check system operating pressures after 15 minutes, compare them with expected values, and record the result.  Occasionally, the outdoor unit arrives improperly charged and a check of operating pressures could indicate a problem.

Entries to the data form will be described from top to bottom.  The top half of the form is divided into blocks separated by blank lines.  Note the airflow test, with data entry blanks at the bottom of the form, is probably best done early on in the visit so that other tests will make more sense.
Page 1:  Block 1 and 2. Basic information on system.  Self-explanatory for the most part.  Specify make & model and nominal tons of indoor and outdoor unit plus HSPF/SEER, refrigerant, factory charge, and any adjustments to charge based on line set length.  The manufacturer’s installation guide specifies the standard line set length and adjustments.  

Page 1:  Block 3.  Airflow test (static pressure check).  As a diagnostic, this is a good test and points out potential problems with the duct system.  Holes shall be drilled in the supply and return plenum and be large enough to be patched with rubber plugs.  Care shall be taken to avoid drilling into the indoor coil.  An external static pressure measurement of more than 0.7” or 175 Pa could indicate duct problems and should be investigated.  (Make sure registers and dampers are open, look for constrictions; if needed, note size of plenums and trunks and overall number of supply and return registers.)
Page 1:  Block 4.  TrueFlow test.   This is the preferred means of measuring system airflow. The procedure described with the TrueFlow plate is to be used and results recorded here. If the TrueFlow cannot be used, use the Duct Blaster matching method (procedure to be found at end of this memo) or temperature rise method.  If using either method, make sure to double-check supply plenum pressure and correct apparent flow as needed.
Page 1:  Block 5.  Heating Temp Rise Measurement.  Measure temperature of air entering outdoor unit with reliable thermocouple and digital thermometer after 15 minutes of compressor-only operation.  [Make sure elements do not come on; this may require disconnecting the second stage heat control wire at the thermostat or indoor unit.]  Multiply temperature split by the TrueFlow corrected flow and the 1.08 constant to get output.  Compare with value from manufacturer at the measured outdoor temperature (interpolate as needed.)  Agreement should be within 3( F.
[Note:  system superheat and subcooling can also be checked in cooling mode to determine if charge is correct.  Procedures for this method are already in use and are not repeated here.]
Page 1:  Block 6.  System Operating Pressures.  The service technician shall measure operating pressures.  This is useful accessory information, especially if the capacity is not as expected.  Manufacturers’ target values shall also be recorded; these are based on unit model numbers, outdoor temperature, indoor temperature (use the return temperature) and measured system airflow.
Check boxes:  If the system has the mentioned item, indicate by checking the box.  Circle N/A if not required as part of the standard installation.   Note these are items specifically called out in /PTCS specifications.  It is assumed that other components (reversing valve, defrost board, etc. are also checked out at the time of installation).

Note compressor low ambient cutout must not be set above 0( F.  The outdoor thermostat setting must be recorded and an effort made to ensure the ODT works.  For fixed temperature ODTs, this is obviously easier on days when the ambient temp is above the setpoint.  Under these conditions, call for second stage heating by increasing the heating setpoint more than 1( F above the room temperature.  Measure amp draw to the indoor unit by using a clamp meter or watching the house electric meter, or measure register temperature to see if it increases to a temperature more than 2( F above that which was measured during the compressor-only sensible split test (Block 5, above).  On colder days, you will have to warm up the ODT sensor or decrease its nominal setting (if adjustable) to check operation.
Measuring System Airflow with Duct Blaster) 

1. Turn on air handler (by using fan-only switch or by turning on heat/AC).   It is best to call for the flow that will be used during heating. 

2. Drill access hole as needed and point hooked end of static tap into airflow.  Do not drill into the duct at any point where you are concerned with hitting something.  Note if fan is variable speed and note expected flow given size of unit and DIP or other settings on system control board.
3. Record normal system operating pressure (NSOP) as described in flow plate test.  

4. Next, install split between supply and return so that all air flowing through Duct Blaster will go into supply side.  

5. Install Duct Blaster on furnace.  Ingenuity with cardboard and duct tape is often needed.

6. Turn on air handler to heating speed.  

7. Turn Duct Blaster on and slowly increase flow until the supply plenum pressure is the same as NSOP.  

8. Check to make sure the pressure in the return system is 0 or very close to 0 (to confirm system split is good).  

9. Record Duct Blaster flow pressure, ring#, and CFM.  

NSOP

______Pa


Ring #

______
Flow pressure

______Pa

Air Handler flow
______CFM
Note: if highest pressure reached is not NSOP, a correction is needed.

Record highest pressure reached  (HPR)______

Correction:  take square root of (NSOP/HPR) ______

And multiply by Air Handler flow (from above) _______

This is the corrected flow: ______

Measuring Air Handler Flow With the Temperature Rise Method (Electric Heat)

1. Turn up the thermostat and let equipment run for at least 15 minutes on resistance heat only. Select places to drill holes in supply and return plenum.  Take care to avoid drilling into indoor coil.
2. Record supply plenum temp ______ (specify (F or (C)

3. Record return plenum temp 
 ________  

   delta T
_________

4. Record supply plenum static pressure _______

(this is needed to compare with the supply static during normal heat pump operation; if this pressure is different, a correction is needed.  See below for correction procedure.)

	Record element amps &d  & volts to get input 
	amps
	volts
	watts

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	
	
	total
	


5. Alternately, use utility meter to get input Watts.  You must turn off all appliances but furnace for this test, or make sure you can accurately determine the baseload during the test.  




W = (3600 x kh x revs)/t

Where:

kh 
= meter constant on face of meter in watt-hrs per revolution (often 7.2)



revs 
= number of revolutions of meter wheel counted



t 
= time required for the revolutions you count (in seconds)
6. Record base load (as needed)  =  (3600 x ___ x ___)/ _____ =  _______ W

7. Record total watts = (3600 x ____x _____)/_____

=     _______  W

8. Subtract base load from total to get furnace Watts in:              _______  W

9. SCFM
=
(Watts in ( constant)/(delta T [from Step 3, above])

Where the constant is either 3.16 (if using (F) or 1.75 (if using (C)

Show work:

Supply static correction procedure (if needed).  Take supply static measured in Step 5 (above) and compare with normal system operating pressure (NSOP) measured at first diagnostic.  If they differ by more than 5 Pa, correct the flow measurement found in Step 9 with a multiplier equal to the square root of (NSOP/static pressure from Step 5).
