Sacramento Zoned HVAC System Performance Test
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Performed By:		Rick Chitwood
Chitwood Energy Management, Inc.
Office/Voice Mail   (530) 926-3539
rick@chitwoodenergy.com


Summary

The goal of the testing was to quantify any loss of system performance due to the presence of a by-pass duct with a barometric damper.  The test procedure used was developed as part of a recent California Energy Commission research project measuring the performance of new residential buildings and their HVAC systems.  The procedure includes a measurement of sensible cooling at the equipment and the sensible cooling at the supply grilles (BTUs), and the energy consumption of the condensing unit and air handler (watts).  This provides the actual operating efficiency and the actual delivered system capacity; both the efficiency and capacity are compared to the equipment manufacturer’s performance data, to determine system performance.

Due to the complexity of the HVAC system in this home there was not enough time to collect the data required to quantify efficiency and capacity.  The complexity included:	Comment by mbrook: It would be good to add a sentence explaining why complexity prevents the quantification of efficiency and capacity
· Two return grilles
· Smart Vent, residential economizer
· 18 supply grilles; 8 downstairs, 10 upstairs
· Two stage furnace, 80%, 100,000/70,000 Btu/H
· Two stage condensing unit, SEER 16.0, 5 ton
· Two zones, upstairs/downstairs, with Honeywell HZ432 electronic system controller
· Bypass duct with barometric damper
· Honeywell electronic programmable thermostats, with Honeywell THM4000R wireless communication

Some data was collected on system performance, as were many observations and anecdotes.

The workmanship observed on this complex HVAC system installation was very high quality.  I observed four technicians at this home, these technicians and their vehicles, are some of the best I have seen.  Technician appearance, communication skills, response to customer questions, cleanliness and worksite care, and general skill level – were all top notch.

The system performance, though not thoroughly documented, appeared well below average.  Below average performance can be attributed to the system complexity and the fact that equipment performance were not measured.	Comment by mbrook: this paragraph is unclear


Measurements, Observations and Anecdotes

System Static Pressure
The system static pressure was measured in both the heating and cooling modes with both zones calling.  The measured furnace external static pressure was 1.16” W.C. in the heating mode and 1.13” W.C. in the cooling mode.  The manufacturer’s maximum external static pressure rating is 0.80” W.C.  This greater than allowed external static pressure causes low airflow and high fan watt draw, especially with an ECM motor, which this furnace has.

Commissioning Technician Only Measured Supply Plenum Pressure
Total external static pressure is a very helpful system performance metric and diagnostic aid.  The commissioning technician only took one static pressure reading, in the supply plenum.  Supply plenum static pressure is not a very helpful system performance metric.

Measured Airflow
With the system operating in the cooling mode, both zones calling, and with both thermostats set 10oF below the room temperature, the airflow was measured at each supply grille.  The sum of the supply grille flow is 1,352 CFM (270 CFM/ton, at 1.13” W.C. static pressure).  Measurements were taken without the compressor running (dry coil).  Target cooling airflow in this dry climate is over 500 CFM/ton with a wet coil.

I attempted to assure that the system was operating in the 2nd stage cooling mode by temporarily disconnecting the 1st stage control wire at the condensing unit, this would confirm 2nd stage operation as soon as the condensing unit turned on.  The compressor never turned on even after calling for cooling for over 45 minutes.  One of the technicians told me that it was the distance from setpoint that would bring start the 2nd stage cooling but that does not seem to be the case on this system.

This complex HVAC system has system controllers at five locations.  Most of the controllers have installer programming options.  System control functions reside in; the two Honeywell thermostats, the Honeywell zone control board, the Z-Tech Smart Vent system control, the Rheem furnace, and the Rheem condensing unit.  Complicated interactions can exist between these five controllers – which may explain 2nd stage cooling not turning on within 45 minutes.

High Fan Watt Draw
The measured fan watt draw for this system (at the above measured airflow) was 949 watts (or 0.70 watts per CFM).  The California standard for fan watt draw is 0.58 watts per CFM.  This high fan watt draw (with both zones calling) is caused by high static pressure and the presence of a bypass duct that bypasses some air even with both zones calling.  High fan watt draw drives up operating costs and lowers system efficiency.	Comment by mbrook:  Did Rick observe this? How?

Commissioning Technician Could Not Measure Airflow	Comment by mbrook: this is interesting but does not seem relevant to the zonal system issues - is it?
I asked the commissioning technician what the system airflow was and he did not know or have the test equipment (capture hood or flow plate) to measure the airflow.

Commissioning Technician Not Concerned About High Superheat
The commissioning technician did not have subcooling or superheat on his list of system performance tests, even though they are important performance metrics.  High side and low side refrigerant pressures were on the technicians list of measurements.  While he was measuring pressures, I asked him to also measure the refrigerant temperatures so subcooling and superheat could be calculated.  The subcooling was 9.8oF, within the normal range for most equipment.  The superheat was 21.6oF, well above the typical range of 5oF to 10oF.  The high superheat did not seem to be a concern of the commissioning technician.

Low Supply Grille Velocity
Many of the supply grilles have low delivery velocity.  Three things should be happening a each supply grille; 1) the grille must deliver the BTU’s (CFM and delta-T) to meet the loads for the room, 2) deliver air at a high enough velocity to mix the room air and minimize stratification (usually 500 FPM to 700 FPM), and 3) deliver air so that it does not create drafts on the occupants.  The living room grill in this home is a large 14” x 8” one direction curved blade grille with an airflow of 161 CFM.  The delivery velocity is only about 250 FPM, or about 40% of the velocity required for good room air mixing.  This size of a grille would deliver 377 CFM if it had a delivery velocity of 600 FPM, our typical design velocity.  Delivering air at a low velocity contributes to low comfort levels in the home due to temperature stratification – especially in the heating mode.  Hot air delivered at a low velocity at the ceiling of the first floor rises to the ceiling of the second floor due to its buoyancy, making the second floor too hot, and leaving the floor level of the first floor too cold.

Furnace Cycles Off on High Limit
In an attempt to warm up the house a little before switching to the cooling mode test the system was operated in the heating mode with both zones calling and the thermostats set 10oF above the room temperature.  During this call for heat, the furnace burners cycled off repeatedly.  I assume this was a high temperature limit shutdown due to low airflow and some bypass air (even though both zones were calling).  Cycling on high limit reduces system efficiency and can shorten the life of the furnace’s heat exchanger.

Return Grille Noise
The return air grill was very noisy.  The connection between the furnace and the return grille is short (about 3.5 feet) rectangular sheetmetal duct.

Commissioning Technician Thought a Single Stage Condensing Was Installed	Comment by mbrook: same comment regardin Cx tech.
When I first arrived, I asked the technician if the SEER 16 condensing unit had a one-stage or a two-stage compressor – he said one-stage – but it actually had a two-stage compressor.

Evaporator Condensate Leak Repair	Comment by mbrook: same comment as above
One technician was working on a condensate-handling problem on the evaporator coil condensate pan.  The technician was not sure if; the condensate pan was leaking, the drain-pipe had a leak, there was condensate blow-off (the pan is not catching all of the water due to the high air velocity), or if the drain-pipe vent was not large enough.  The technician focused in the drain-pipe vent size; even though there should not be a vent in the pipe and could not have anything to do with this leak.

Loose Recessed Light Fixture Trim Rings Glued in Place	Comment by mbrook: same as above
A technician was dealing with recessed light fixture trim rings that were hanging down a little – perhaps because they were bumped during the installation of the new equipment in the attic.  The technician was using glue to secure them tightly to the ceiling drywall.  Glue may cause problems if the trim needs to be removed to change a light bulb, check the label for the maximum bulb size, or replace the thermal shut-off sensor.  A better solution would have been to shorten or replace the trim ring springs.


Conclusion

This HVAC contractor is clearly a great contractor; with a good business model and top-notch technicians, and is nationally recognized by AHRI as a company that is doing zoning correctly.  It is surprising that the system performance characteristics measured show below average system performance, especially since statewide average system performance is already so low.  The primary reason for the low performance is system complexity, and the lack of testing of the system performance factors.

The ASHRAE Handbook of Fundamentals tells us that we should not design or specify systems that require exceptional skill or workmanship from the workforce available.  Following this logical concept would preclude the installation of systems of this complexity.

This is a sad testament to the current state of the residential HVAC industry.	Comment by mbrook: not necessary
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