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Accessibility Statement

BCcampus Open Education believes that education must be available to everyone. This means
supporting the creation of free, open, and accessible educational resources. We are actively committed
to increasing the accessibility and usability of the resources we produce.

Accessibility of This Resource

The web version of Block F: Hydronic Heating and Cooling Systems has been designed to meet Web
Content Accessibility Guidelines 2.0 (https://www.w3.0org/TR/WCAG20/), level AA. In addition, it

follows all guidelines in Appendix A: Checklist for Accessibility (https://opentextbc.ca/

accessibilitytoolkit/back-matter/appendix-checklist-for-accessibility-toolkit/) of the Accessibility

Toolkit — 2nd Edition (https://opentextbc.ca/accessibilitytoolkit/). It includes:

« Easy navigation. This resource has a linked table of contents and uses headings in each
chapter to make navigation easy.

* Accessible math equations. Many of the equations in this resource have been written in
LaTeX and rendered with MathJax, which makes them accessible to people using screen
readers that are set up to read MathML. The rest of the equations are rendered as images with
appropriate alternative text.

* Accessible videos. All videos in this resource have captions.

» Accessible images. All images in this resource that convey information have alternative text.
Images that are decorative have empty alternative text.

» Accessible links. All links use descriptive link text.

Accessibility Checklist

Element | Requirements Pass?

Headings | Content is organized under headings and subheadings that are used sequentially. Yes
Images that convey information include alternative text descriptions. These descriptions are

Images > . . . . ! L Yes
provided in the alt text field, in the surrounding text, or linked to as a long description.

Images Images and text do not rely on colour to convey information. Yes
Images that are purely decorative or are already described in the surrounding text contain

Images empty alternative text descriptions. (Descriptive text is unnecessary if the image doesn’t Yes
convey contextual content information.)

Tables Tables include row and/or column headers that have the correct scope assigned. Yes

Tables Tables include a title or caption. Yes
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Tables Tables do not have merged or split cells. Yes
Tables Tables have adequate cell padding. Yes
Links The link text describes the destination of the link. Yes
Links Links do not open new windows or tabs. If they do, a textual reference is included in the Yes
link text.
Links Links to files include the file type in the link text. Yes
Formulas | Formulas have been created using LaTeX and are rendered with MathJax. Yes
Formulas | If LaTeX is not an option, formulas are images with alternative text descriptions. Yes
Font Font size is 12 point or higher for body text. Yes
Font Font size is 9 point for footnotes or endnotes. Yes
Font Font size can be zoomed to 200% in the webbook or eBook formats. Yes

Known Accessibility Issues and Areas for Improvement

There are currently no known accessibility issues.

Let Us Know if You are Having Problems Accessing This Book

We are always looking for ways to make our resources more accessible. If you have problems
accessing this resource, please contact us to let us know so we can fix the issue.

Please include the following information:

* The name of the resource
* The location of the problem by providing a web address or page description.
* A description of the problem

» The computer, software, browser, and any assistive technology you are using that can help us
diagnose and solve your issue (e.g., Windows 10, Google Chrome (Version 65.0.3325.181),
NVDA screen reader)

You can contact us one of the following ways:

* Web form: BCcampus Open Ed Help (https://collection.bccampus.ca/contact/)

* Web form: Report an Error (https://open.bccampus.ca/browse-our-collection/reporting-an-
error/

This statement was last updated on August 3, 2022.



Block G: Green Thermal Systems ix

The Accessibility Checklist table was adapted from one originally created by the Rebus Community
(https://press.rebus.community/the-rebus-guide-to-publishing-open-textbooks/back-matter/

accessibility-assessment/) and shared under a CC BY 4.0 License (https://creativecommons.org/
licenses/by/4.0/).




x Industry Training Authority BC



Block G: Green Thermal Systems xi

For Students: How to Access and Use this Textbook

This textbook is available in the following formats:

* Online webbook. You can read this textbook online on a computer or mobile device in one
of the following browsers: Chrome, Firefox, Edge, and Safari.

* PDF. You can download this book as a PDF to read on a computer (Digital PDF) or print it
out (Print PDF).

* Mobile. If you want to read this textbook on your phone or tablet, you can use the EPUB
(eReader) file.

« HTML. An HTML file can be opened in a browser. It has very little style so it doesn’t look

very nice, but some people might find it useful.

For more information about the accessibility of this textbook, see the Accessibility Statement.

You can access the online webbook and download any of the formats for free here: Block G: Green
Thermal Systems. To download the book in a different format, look for the “Download this book” drop-
down menu and select the file type you want.

How can I use the different formats?

Internet Screen
Format . Device Required apps Accessibility Features reader
required? .
compatible
Online Computer, | An Internet browser | WCAG 2.0 AA compliant, option to
webbook Yes tablet, (Chrome, Firefox, enlarge text, and compatible with Yes
phone Edge, or Safari) browser text-to-speech tools
Adol?e Reader (for Ability to highlight and annotate the
Computer, | reading on a .
PDF No . text. If reading on the computer, you | Unsure
print copy | computer) or a .
. can zoom in.
printer
Computer, .
EPUB No tablet, An eReader app Op ton to enlarge text, change font Unsure
style, size, and colour.
phone
Computer, | An Internet browser | WCAG 2.0 AA compliant and
HTML No tablet, (Chrome, Firefox, compatible with browser Yes
phone Edge, or Safari) text-to-speech tools.

Tips for Using This Textbook

* Search the textbook.
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o If using the online webbook, you can use the search bar in the top right corner to
search the entire book for a key word or phrase. To search a specific chapter, open
that chapter and use your browser’s search feature by hitting [Cntr] + [f] on your
keyboard if using a Windows computer or [Command] + [f] if using a Mac
computer.

o The [Cntr] + [f] and [Command] + [f] keys will also allow you to search a PDF,
HTML, and EPUB files if you are reading them on a computer.

o If using an eBook app to read this textbook, the app should have a built-in search
tool.

+ Navigate the textbook.

o This textbook has a table of contents to help you navigate through the book easier.
If using the online webbook, you can find the full table of contents on the book’s
homepage or by selecting “Contents” from the top menu when you are in a chapter.

+ Annotate the textbook.

o If you like to highlight or write on your textbooks, you can do that by getting a
print copy, using the Digital PDF in Adobe Reader, or using the highlighting tools
in eReader apps.
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About BCcampus Open Education

Block G: Green Thermal Systems by Industry Training Authority BC was funded by Industry Training
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BCcampus Open Education (https://open.bccampus.ca/) began in 2012 as the B.C. Open Textbook
Project with the goal of making post-secondary education in British Columbia more accessible by
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Competency G1: Geothermal Systems

Over the last number of decades, geothermal (earth or ground source) systems have emerged as a
viable source for providing the heating and cooling that we all need for comfort in our homes and
buildings. The heart of any of these systems is a heat pump. This term is used to describe a device that
uses the refrigeration cycle to convert low-temperature heat from a source into higher-temperature heat
which is imparted to a load. When used to heat buildings, heat pumps can gather low-temperature heat
from sources such as outdoor air, groundwater, lakes or ponds, or from tubing embedded in the ground.
All of these sources provide “free” low-temperature heat. Some heat pumps also have the ability to
reverse the direction of the refrigerant within them, so they can use those sources as a heat sink (place
to dispose of unwanted heat) if cooling is what the heat pump circuit is trying to achieve on the load
side. No matter what the source or load, the refrigeration cycle is at the core of the operations of any
heat pump.

Learning Objectives

After completing this learning task, the student will be able to:

» Describe the operation of geothermal systems
* Describe the installation of different types of geothermal systems
» Describe the testing and commissioning involved in geothermal systems

* Describe the maintenance and repair considerations for geothermal systems
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Learning Task 1
The Refrigeration Cycle

The refrigeration cycle is the basis of operation of all vapour-compression heat pumps. A chemical
compound with a low boiling point, known as refrigerant, travels through piping around a closed-loop
circuit that consists of:

* An evaporator

* A compressor

* A condenser, and

* A thermal or thermostatic expansion valve, referred to as a “TXV”

Figure 1 below shows these four components and how they are connected.

refrigerant flow

medium temperature compressor high temperature
low pressure : high pressure
VAPOR \ VAPOR

I~ oo
< )
SOURCE © % LOAD
media %@ < media
o 3
low temperature A thermal medium temperature
low pressure ; — high pressure
LIQUID s aloIcH LIQUID
valve
(TXV)

Figure 1 The refrigeration cycle

The cycle begins at station (1) as cold liquid refrigerant within the evaporator. At this point, the
refrigerant is colder than the source media (e.g., air or water) passing across the evaporator. Because of
this temperature difference, heat moves from the higher-temperature source media into the lower-
temperature refrigerant. As the refrigerant absorbs this heat, it vapourizes (changes from a liquid to a
gas). The vaporized refrigerant continues to absorb heat until it is slightly warmer than the temperature
at which it evaporated. The additional heat required to raise the temperature of the refrigerant above its
“saturation” temperature (the point at which it vaporizes) is called superheat, and it also comes from
the source media. This vaporized refrigerant then flows into the compressor at station (2). Here a
reciprocating piston or a rotating scroll driven by an electric motor compresses the vapourized
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refrigerant. Charles’ Law dictates that this causes a large increase in both pressure and temperature.
The electrical energy used to operate the compressor also creates heat which is also absorbed by the
refrigerant. The temperature of the refrigerant gas leaving the compressor is usually in the range of

120°F to 170°F depending on the operating conditions.

The hot refrigerant gas then flows into the condenser at station (3). Here it transfers heat to a stream of
water or air (the load media) that carries the heat away to the load. As it gives up heat, the refrigerant
changes from a high-pressure, high-temperature vapor into a high-pressure, somewhat cooler liquid. In
other words, it condenses. The high-pressure liquid refrigerant then flows through the thermal
expansion valve at station (4). This valve, mentioned above as being abbreviated to “TXV?”, is
essentially an orifice that operates on Bernoulli’s Principle, meaning the greater the velocity, the lower
the pressure. Thus, the refrigerant’s pressure is greatly reduced and the drop in pressure causes a
corresponding drop in temperature. This restores the refrigerant to the same condition it was in when
the cycle began, and the refrigerant vapour is now ready to repeat the cycle.

The refrigeration cycle remains in continuous operation whenever the compressor is running. It is used
in refrigerators, freezers, room air conditioners, dehumidifiers, water coolers, vending machines and
other heat-moving machines. The average person is certainly familiar with these devices and what they
do, but often is unaware of how they do it.

Non-Reversible vs Reversible Heat Pumps

Non-reversible (heating-only or cooling-only) heat pumps provide dedicated cooling or dedicated
heating of a load by moving the refrigerant through the components within the loop in one direction
only. An example of cooling-only heat pumps are appliances such as refrigerators, where the
evaporator is the device that is performing the desired task of cooling the load by taking away the heat
from the inside of the cabinet and delivering it to the condenser which “dumps” the unwanted heat to
the surrounding air. In a heating-only application, such as a dedicated heat pump system providing heat
for a building, the evaporator is gathering low-temperature heat from an abundant source such as the
outdoors, and transferring it to the condenser (a coil in indoor ductwork) where it is used to heat the air
being circulated through the building. So, in a cooling-only scenario, the evaporator is the vehicle for
the cooling, while in a heating-only scenario it is the condenser that is the vehicle for delivering the
heat.

Some varieties of heat pumps have the ability to either heat or cool the load, by reversing the flow of
refrigerant on demand. These are known as reversible heat pumps, and when used for a residential
house can heat it in the winter and cool it in the summer. Reversible heat pumps use an electrically-
operated device called a reversing valve. As suspected by its name, this valve at rest would direct
refrigerant through the system so that the load would be in heating mode. If cooling at the load were
needed, the reversing valve is electrically energized and the flow of refrigerant through the system is
reversed, providing cooling to the load. Figure 2 below shows the heat pump in heating and cooling
modes, dependant on the direction of refrigerant flow.
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Figure 2 Reversible heat pump

Block G: Green Thermal Systems 5

higher
temperature
heat
dissipated

low
temperature
heat
absorbed

<=

The evaporator and condenser effectively change functions in a reversible system. The heat exchanger
that serves as the evaporator while in heating mode becomes the condenser while in cooling mode, and
the exchanger that is the condenser in the heating mode becomes the evaporator in the cooling mode.

Reversible heat pumps commonly use two sets of thermal expansion and check valves, with one set
used for the cooling mode and the other set for the heating mode. Others use a bi-directional (two-way)
TXYV for flow reversal of refrigerant. For simplicity and ease of understanding we will use diagrams

that show a reversing valve and single TXV.
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Heat Pump Categories

Heat pumps are classed by the media that they firstly take heat from (the source) and secondly deliver it
to (the load). Consequently, the heat pump types are:

e Air-to-air
e Air-to-water
» Water-to-air, and

¢ Water-to-water

Air-to-Air Heat Pumps

These are the most commonly-used types for residential buildings in North America, as they can
provide both heating and cooling on demand. In heating mode, low-temperature heat is extracted from
outdoor air through an evaporator contained within an outdoor unit (“outside coil”). This is a large air-
to-refrigerant heat exchanger consisting of several feet of copper or aluminum tubing to which are
attached closely-spaced fins of aluminum, similar to a car’s radiator. The large surface area of the fins
facilitates the heat exchange process. The fins and coil surround a compressor that is mounted at the
base and a fan that is mounted on the underside of the top of the outdoor unit’s housing. The fan pulls
outdoor air horizontally across the fins and discharges it vertically upward. The vapourized refrigerant
is compressed by the compressor and moved through one of the two copper tubes, known as a lineset,
to the condenser coil mounted in the air handling unit inside the building. The condenser is also a heat
exchanger consisting of copper or aluminum tubing and closely-spaced fins. The hot refrigerant gas
from the outdoor unit passes through the condenser coil, giving up its heat to the airstream and
condensing back into a liquid. It then moves through the other copper line of the lineset back to the
outdoor unit, where it passes through the TXV and is returned to its same starting condition, ready for
the next cycle.

In cooling mode, the refrigerant direction reverses. The condenser in the air handler becomes an
evaporator which extracts heat from the air moving through the ductwork. The refrigerant transfers this
heat via the lineset to the outdoor coil which becomes the condenser. The fan pulls heat from the
condenser and releases the heat to the outdoor air.

Figure 3 below shows an air-to-air heat pump system in heating mode, with a supplemental electric
heater, called a strip heater, in the air handler. The strip heater adds heat to the air stream if the heat
pump’s output can’t keep up with the heat loss for the building (see the explanation following).
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Figure 3 Air-to-air heat pump in heating mode

When in cooling mode, water vapour in the air passing through the inside coil will condense onto the
surfaces of the coil. This will create a couple of issues. Firstly, the liquid water will need to be collected
and drained safely away from the unit so as to avoid corrosion problems and water damage. Indoor
coils for cooling normally sit within a drain pan that can be piped to a safe location. Secondly, the
damp surfaces of the indoor coil will allow dirt, dust and other impurities in the air stream to cling to it.
Over time, this will plug the very small openings between the fins and hinder the flow of air through
them. The installation of a high-quality filter element is essential in order to avoid plugging the heat
exchanger.

Because of the prominence of forced air heating systems in North America, homes that are located in
areas where air conditioning in summer months is a necessity are prime candidates for reversible heat
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pump systems. They work very well in temperate climates, where the winter outdoor design
temperature is not extremely low. In Canada, however, their use is fairly restricted to the lower
latitudes. The further geographically north that they are installed, the more potential the need for some
form of supplemental heat in the coldest times of the year. Although technology is improving, many
air-to-air heat pumps are still not suitable for severe winter climates where temperatures frequently
drop below -18°C (0°F) and large accumulations of snow and ice are possible around the outdoor unit.
Figure 4 below shows a typical outdoor unit.

i

& -‘élM‘!!“‘ﬁ II " i

/
/

3

o ) / |

Figure 4 Typical air-to-air outdoor unit
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Downsides to an air-to-air outdoor unit are its visibility and noise. While the more recent versions of
these units are much quieter in operation than their early counterparts, they can still be aesthetically
objectionable.

Air-to-Water Heat Pumps

An air-to-water heat pump uses an outdoor unit that is similar to those in the air-to-air systems, but the
indoor unit is a heat exchanger that transfers its heat to a hydronic distribution system. Figure 5 below
shows an air-to-water reversible heat pump in both heating and cooling modes.
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Figure 5 Air-to-water reversible heat pump

The outdoor unit shown above is “self-contained”, in that the heat exchange tank acting as the

evaporator/condenser, depending on the mode, is built into the outdoor unit. A circulator, which is also
located within the housing, pumps heated or chilled water from the heat exchanger into the building to
feed the hydronic distribution system. In cold climates, the water being circulated between the outdoor
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unit and the building must be treated with an anti-freeze solution in addition to being insulated. This
would mean that the entire distribution system would need to have anti-freeze solution running through
it. An alternative to that strategy would be to have the anti-freeze feed a load such as a heat exchanger.
That way, only the loop between the outdoor and indoor heat exchangers would need to be freeze
protected. Figure 6 below shows such a system.

air-to-water

heat pump
(in heating mode)
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N hot - e valves
fluid [ B |
I8 ey © hydronic
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w
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PSOSSAER S

this portion of system
operates with antifreeze

Figure 6 Air-to-water system using antifreeze and heat exchanger for freeze protection

The antifreeze loop above would be a closed system and therefore require its own circulator, expansion
tank and makeup water station. If conditions allow, connecting the outdoor unit to the indoor unit using
refrigerant within linesets makes the most sense, as it eliminates the need for an antifreeze solution and

extra equipment.

Water-to-Air Heat Pumps

Water-source heat pumps are used in almost all applications where a heat pump is drawing low-
temperature heat from any other source other than air. The fluid that delivers heat to the heat pump can
be either water or a water-based antifreeze solution that pulls heat from a few different sources, such as
a pond, stream, horizontal trenches, vertical wells, etc. Figure 7 below is an example of a common
variety of water-to-air heat pump.
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Figure 7 Water-to-air heat pump

In Figure 7, a fan pulls return air through the filter on the side of the cabinet and across the condenser
coil which heats the air. The heated air is discharged through the supply outlet on the top of the cabinet
into the ducting. Tubing carrying low temperature heat from the evaporator is piped into the lower
compartment of the housing which contains the compressor, circulator and controls. The cabinet shown
above would be found in an upflow or downflow forced air ducting system, whereas the unit shown
below in Figure 8 would be more preferable for installation horizontally, such as in an attic or crawl
space.
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Courtesy of ClimateMaster

Figure 8 Horizontal water-to-air heat pump

Figure 9 below is a schematic diagram of a reversible water-to-air heat pump.
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Water-to-air reversible heat pumps will either cool or heat the building air while extracting or dumping

heat between the source and load, depending on which mode the unit is in.

Remember that when using an indoor heat exchanger for cooling of air, liquid condensate must be
collected and piped to a safe location.
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Water-to-Water Heat Pumps

Water-to-water heat pumps extract low-temperature heat from the same sources as do the water-to-air
heat pumps, however the load for these systems is water or a water-based solution rather than air. They
can be used to heat or cool a building’s hydronic distribution system or process piping, or to heat
swimming pools or domestic hot water. Figure 10 below shows one variety of water-to-water heat
pump. They can be more compact than a water-to-air type because of the lack of need for a large
blower assembly and associated ductwork.

Courtesy of ClimateMaster

Figure 10 Water-to-water heat pump

A common example of the use of a water-to-water heat pump might be one that is found in a radiant
heating system for a house. Either vertical or horizontal underground (earth loop) piping carrying water
or a water-based solution is connected to a water-to-water heat pump located within the building. The
heat pump provides heated water for the building’s radiant system and may also provide heat for
domestic hot water. Figure 11 below is a schematic drawing for a water-to-water heat pump.
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Figure 11 Water-to-water reversible heat pump schematic

The water-to-water systems are predominantly used as building heating-only systems due to the
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restraints encountered in using a hydronic heating system for summer cooling. Process systems,
however, could utilize the cooling side of these systems quite easily.

Now complete Self-Test 1 and check your answers.

Self-Test 1

Self-Test 1

1. What is considered to be the core of a heat pump system?

a. Heat
b. A furnace
c. The refrigeration cycle

d. The earth’s hydrological cycle

2. Which one of the following is the fourth component of a refrigeration system that contains a
compressor, a condenser, and a TXV?
a. A chiller
b. A manifold
c. A buffer tank

d. An evaporator

3. What is the term given to the additional heat that is required to raise the temperature of the
refrigerant above its saturation temperature?
a. Extra heat
b. Superheat
c. Latent heat

d. Sensible heat

4. Which component of a refrigeration system is responsible for absorbing heat from a source into
the refrigerant?
a. The condenser
b. The evaporator
c. The compressor

d. The thermal expansion valve

5. Which component of a refrigeration system is responsible for “dumping” heat from the system to
a load?
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10.

11.

a. The condenser
b. The evaporator
c. The compressor

d. The thermal expansion valve

In a cooling-only scenario, which one of the following would be the vehicle responsible and
would be mounted within the ductwork?

a. The condenser

b. The evaporator

c. The compressor

d. The thermal expansion valve

What component listed below is responsible for allowing a heat pump to either heat or cool a
load?

The condenser

g &

The compressor

@

The reversing valve

s

The thermal expansion valve

What type of heat pump is most commonly used in homes in North America?

a. Air-to-air
b. Air-to-water
c. Water-to-air

d. Water-to-water

What is the term given to the pair of copper tubes that move refrigerant between the evaporator
and compressor?

a. A supply/return set

b. A supply set

c. A return set

d. A lineset

What may be required if an air-to-air heat pump can’t keep up with the building heat loss in very
cold climates?

a. An auxiliary electric heater installed in the supply ductwork

b. A changeover to an air-to-water heat pump

c. A newer, bigger air-to-air heat pump

d. A larger TXV

What component will aid in keeping a cooling coil in a furnace’s supply duct from becoming
plugged?




a
b.
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. A condensate drain pan

A high-quality air filter

c. A reversible TXV
d. A strip heater

12. What component, when installed with an air-to-water heat pump, eliminates the need for having
to freeze-protect the entire distribution system?

a. ATXV
b. A circulator
c. An evaporator

d. A heat exchanger

13. If a heat pump pulls low-temperature heat from vertical loops installed in a well and transfers it to
a coil in a forced-air furnace, what variety of heat pump is it?

a. Air-to-air
b. Air-to-water
c. Water-to-air

d. Water-to-water

14. A coil installed within a supply duct on a heat pump, intended to heat the air, would be an

example of what component?

a. A condenser
b. A strip heater
c. An evaporator

d. A reversing valve

15. A heat pump installed to heat or cool a building through a radiant floor system by using the heat
from an earth loop would be an example of what type of heat pump?

a. Air-to-air
b. Air-to-water
c. Water-to-air

d. Water-to-water

Check your answers using the Self-Test Answer Keys in Appendix 1.

Media Attributions

 Figure 1 The refrigeration cycle © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/

en-us). Used with permission.

 Figure 2 Reversible heat pump © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/

en-us). Used with permission.
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Figure 3 Air-to-air heat pump in heating mode © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 4 Typical air-to-air outdoor unit © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 5 Air-to-water reversible heat pump © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 6 Air-to-water system using antifreeze and heat exchanger for freeze
protection © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us). Used with
permission.

Figure 7 Water-to-air heat pump © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/
en-us). Used with permission.

Figure 8 Horizontal water-to-air heat pump © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 9 Reversible water-to-air heat pump © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 10 Water-to-water heat pump © Caleffi Hydronic Solutions (https://www.caleffi.com/
usa/en-us). Used with permission.

Figure 11 Water-to-water reversible heat pump schematic © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.
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Learning Task 2

Heat Pump Performance Terminology

Heat pumps heat or cool by moving energy, and have expressions of efficiency that go along with each
process. On the heating side, it will have a heating capacity expressed in btuh and an efficiency
expressed by the term “Coefficient of Performance” or “COP”. On the cooling side, it will have a
cooling capacity usually expressed in “tons of cooling” and an efficiency expressed by the term
“Energy Efficiency Rating” or “EER”.

Heating Performance of Heat Pumps

The expression of the heating capacity of a gas-fired furnace is centred around the quantity and type of
fuel being burned (eg. 75,000 btuh natural gas or propane) and the construction of the furnace (mid-or-
high efficiency) and is therefore fairly straightforward. In other words, the conditions that determine its
heat output are fairly finite and will not vary depending on conditions such as the temperature of the
return. However, the conditions that determine the heating capacity of a water-to-water heat pump can
vary greatly. Temperature of the source media, temperature of the load media, as well as the flow rates
of both the source and load media can change, and they all have an effect on the heat pump’s heating
capacity. Formulas and graphs must be consulted that take into account the variations in these
conditions. An example of a chart showing the heating capacity in btuh of a water-to-water heat pump
is shown in Figure 1 below.
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Figure 1 Heating capacity for a water-to-water heat pump
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The vertical left side of the graph represents the heating capacity in thousands of btus per hour or btuh.
The bottom of the graph represents the temperature of the water that could be in contact with the
evaporator (entering source water temperature) and the three curved lines indicate the possible
temperatures of water entering the condenser (entering load temperatures). To demonstrate the use of
this graph, let’s say that it’s the month of September, and the summer sun has contributed to a ground
temperature in contact with the earth loop (evaporator) of 60°F (16°C). If the temperature of the water
entering the condenser from the load is 80°F (27°C), the heating capacity of the heat pump would be
approximately 35,000 btuh as seen in Figure 2a below.
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Figure 2a Heat capacity at 60°F (16°C) ground temperature
However, with the same water temperature entering the condenser on the load side, the heat pump’s

heating capacity in March, when the ground temperature may be as low as 35°F (2°C), drops to
approximately 26,000 btus/hr as seen in Figure 2b.
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Figure 2b Heat capacity at 35° (2°C) ground temperature

This significant difference of over 25% in heat output, depending on time of year, would have to be
allowed for when designing the heat emitters and distribution system.

The above examples show the change in heating capacity resulting from a change in entering source
water temperature. When looking at the curved lines in those examples that represent the entering load
water temperature, it should be plain to see that the lower the entering temperature at the condenser, the
higher the btuh output. This illustrates that these water-to-water heat pumps work best when the output
or load temperature is lower, such as with a radiant floor system, and when the source entering
temperature is higher.

Equations are used to calculate the temperatures of the water leaving the load side (condenser) of the
heat pump, depending on the water flow rate (USGPM) and current heating capacity. These factors, in
turn, would be used to calculate the other factors involved in heating capacity determination. These
equations are fairly involved and are, at this point, unnecessary to wade through, so for simplicity,
rather than using examples of these formulas, a summary of the effects of the variables that are
involved in the heating side of a water-to-water heat pump are as follows;

» The higher the entering source water temperature (bottom of graph), the greater the heating
capacity

» The lower the entering load water temperature (curved diagonal lines), the greater the heating
capacity

* The higher the flow rate through the evaporator and condenser (solid vs dotted curved lines),
the greater the heating capacity

The graph shown below as Figure 3 illustrates these statements of summary.
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Figure 3 Heating capacity graph

Heating and cooling capacities of refrigeration-based equipment are traditionally referred to in the trade
by how many “tons” of cooling they can deliver. Before refrigeration systems were commonly
available, blocks of ice were used for cooling buildings and processes. Once smaller, electrically-driven
refrigeration systems came into being, they were rated by being compared to the equivalent amount of
ice that could be melted in a day. A “ton” of cooling was then determined to be equivalent to 12,000
btuh and that expression is still commonly used today. So, for example, a water-to-water 3-ton heat
pump would be capable of providing approximately 3 x12,000 = 36,000 btuh of heating, depending
upon the conditions described earlier.

Coefficient of Performance (COP)

Because the conditions affecting a heat pump’s heating capacity can vary, a method of determining the
overall efficiency of a heat pump was necessary. This is known as the coefficient of performance, or
“COP”. The term efficiency describes the desired output of a heating or cooling unit as compared to
its necessary input and is normally expressed as a percentage. So, if a heating unit such as a furnace has
an input (heat created by the burning of gas) of 100,000 btuh and an output (actual heat transferred to
the airstream) of 94,000 btuh, it would have an efficiency of:

(94,000 + 100,000) x 100 = 94%

For this equation to work, the expressions of energy used in the numerator and denominator must be
the same.

Where heat pumps are concerned, the desired output is the rate that heat is to be transferred to the load
and is expressed in btuh. The necessary input is the amount of electrical energy that must be used to
operate the heat pump and is normally expressed in watts or volt-amps (VA). 1 watt = a volt x 1 amp,
which is also equivalent to 3.413 btus. The expression for COP is then:
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heat output (btuh)
electric input (watts) x 3.413

COP =

The heat input in the denominator is only concerned with the electricity needed to operate the
compressor, as the low-temperature heat being absorbed from the heat source medium is considered to
be “free heat”. Thus, the definition of COP reflects only the “paid for” electrical input power as being
the required input. The higher the COP, the higher the heat output rate to a load for a given rate of
electrical energy input.

An example calculation of a COP is as follows:

Let’s assume that a heat pump is to deliver 37,000 btuh of heat to a load, and its electrical requirements
to operate the heat pump are 12.5 amps at 240 volts, which is 3,000 watts. Using the formula above, we
can calculate the COP as:

heat output (btuh)

COP = —
electric input (watts) x 3.413
37,000 btuh
P=—
COP = 10 239 btun
COP = 3.61

Note that the COP has the same units of measurement in the numerator as in the denominator, and so
they cancel out to become simply a number, which is a ratio. The ratio represents how many units of
heat output will be produced for every unit of electrical input energy used. The higher the COP, the
more efficient it is. In the earlier comparisons to a 94% efficient gas furnace, for every 100,000 btus of
heat created by burning of gas, only 94,000 btus are actually being transferred to the air being
circulated. Comparatively, using a heat pump with a COP of 3.61, for every 100,000 btus of equivalent
input heat, it would have an output of 361% of that, or 361,000 btus. It can be said, then, that heat
pumps are capable of efficiencies of over 100%, and this makes them far more attractive for heating
than does the burning of fossil fuels, which can approach but never exceed 100% due to the processes
involved. The COP of a heat pump is very dependant upon the operating conditions. The closer the
temperature that the source media is to the temperature of the load media, the higher the heat pump’s
COP. This temperature difference between the two points is known as “temperature lift”, and so the
smaller the lift, the higher the COP.

Cooling Performance of Heat Pumps

Just as on the heating side of a heat pump’s operation, there are two indicators that used to represent a
heat pump’s cooling output, which are cooling capacity and EER, which stands for Energy Efficiency
Ratio.

Total cooling capacity for a water-to-water heat pump combines sensible cooling and latent cooling,
whereas water-to-air heat pumps have separate ratings for latent cooling and sensible cooling. This
rating is affected by the temperatures of the fluid streams entering the evaporator and condenser and, to
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a lesser degree, by the flow rates of these two fluid streams. Figure 4 below represents the cooling
capacity of a water-to-water heat pump with a nominal cooling capacity of 3 tons.
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Figure 4 Typical 3-ton water-to-water heat pump cooling capacity

The horizontal axis shows the entering source water temperature, which when in cooling mode, would
now be the return water from the distribution system. The curved diagonal lines represent the entering
water temperature from the condenser, which now could be an earth loop, and the vertical axis is the
total cooling capacity in thousands of btus per hour (btuh). As you can see, the lower the condenser
(earth loop) water temperature, the higher the cooling capacity. As the temperature of the entering
source water goes up, so does the heat pump’s cooling capacity. Thus, if the heat pump’s return water
temperature from the distribution piping is 60°F (15°C) it has a greater cooling capacity than if the
return water temperature was 50°F (10°C). It should also be able to be seen that, as the temperature of
the fluid into which the heat is to be dissipated (e.g. earth loop) increases, the heat pump’s cooling
capacity decreases.

Energy Efficiency Ratio (EER)

The common way of expressing the cooling efficiency of a heat pump is by a term called energy
efficiency ratio, or simply “EER”. It is calculated in almost identical fashion to the COP with the
exception that the numerator is now the cooling capacity rather than the heating capacity and is doesn’t
get converted into btuh as it does in the calculation of COP. The equation for EER is:

EER — cooling capacity (btuh)

electric input (watts)

In effect, the EER for a water-to-water heat pump is an expression of how many btuh it can deliver for
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every Watt of electricity it takes to do so. The higher the EER of a heat pump, the less energy it
requires to produce a certain amount of cooling. Just as in the determination of a COP, the EER is a
function of the entering source water temperature and the entering load water temperature. Figure 5
below is a graph that represents the EER (vertical axis) of a water-to-water heat pump depending on the
temperatures of the entering source water (eg. distribution system) at three different water temperatures
entering the heat pump from the load (eg. earth loop).
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Figure 5 Energy efficiency ratios (EERSs) of a typical water-to-water heat pump

The graph above shows that, as the temperature of the entering source water increases, so does the
EER, and also that, as the temperature of the water entering the heat pump from the earth loop
decreases, the EER increases. Just like in a water-to-water heat pump in heating mode, the less the
temperature differential between the source and load water , the greater the cooling capacity and EER.

Also as in a water-to-water heat pump in heating mode, as the flow rate of water through either the
evaporator or condenser, or both increases, so does its cooling capacity and EER. However, this
increase is offset by the extra electrical energy in wattage to power the circulators causing the higher
flow rates, and so, typically, flow rates are meant to be kept to no more than 3 GPM per ton of cooling.

Geothermal Heat Pumps

A heat pump gathers heat from a source and rejects it to a load. Ideally, the source should be as warm
as possible in order to heat a building during the heating season, and conversely the “heat sink” should
be as cool as possible for the same building in times of warm weather.

In many areas of Canada, the outdoor air temperatures can vary greatly between winter and summer.



28 Industry Training Authority BC

For instance, according to Appendix “C” of the BC Building Code, the Kelowna BC January 2.5%
outdoor design temperature is 1°F (-=17°C) and the July dry bulb temperature is 91°F (33°C). Such
large variations in outdoor air temperature strain the ability of air-source heat pumps. Long stretches of
cold weather cause heat pumps to operate at low COPs and correspondingly low heating capacities,
with a need for high-cost electric resistance heating to augment the heat pumps’ output. Likewise,
prolonged periods of extreme summer temperatures reduce the cooling capacity and EER of air source
heat pumps. These facts make air source heat pumps less desirable than their ground source
counterparts

Most people recognize that the temperature of the soil in different geographical areas of North America
doesn’t fluctuate as much as does the temperature of air through the year. Soil within a few feet of the
surface acts as a storage media for solar heat. The sun adds heat to the soil from spring through summer
and this heat gradually dissipates through fall and winter. This slow process results in less temperature
variation throughout the year and makes ground loops a better source media than air. Figure 6 below is
a graph that illustrates the lessening of these variations as soil depth increases.
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Figure 6 Soil temperatures at different depths and times of year

The curves in Figure 6 are based on a typical year in Albany, New York where the yearly average air
temperature is 50°F (10°C). Moisture content and thermal conductivity of the soil also play a part in the
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soil’s ability to absorb and dissipate heat but in simplest terms, the deeper the soil depth, the less
fluctuation in temperature through the year.

The first ground source refrigeration systems in North America appeared in the 1940s and ‘50s. The
biggest initial challenge in using the soil as the media for an earth-loop piping system was coming up
with piping that wasn’t too costly, was fairly easy to install and that would last many decades. Piping
materials were the major stumbling block, in that copper, which has long been regarded as the best
material as far as thermal conductivity is concerned, was also quite costly to install given the diameter
of pipe needed for correct flow rates and the overall length required. As well, many underground joints
were necessary in order to have enough tube length for heat transfer; consequently leaks were an issue.
The plastics that were available at the time also proved unreliable due to leaks and flow restrictions
caused by primitive joining methods.

The biggest boon to the industry came in the 1970s with the invention of heat-fusible, high-density
polyethylene (HDPE) piping. This material, along with improved trenching and joining methods, saw
ground-source heat exchangers emerge as a viable component of water-to-water heat pumps. Today,
high-cost energy, the use of reliable HDPE and PeX tubing for earth loops, and the availability of
proven, reliable engineered design have fostered the rise in ground-source heat pump installations
across Canada and many other countries. Low temperature radiant heating distribution systems are a
perfect match for ground-source water-to-water heat pumps, while water-to-air heat pumps can utilize
ducted forced-air systems as a media for cooling and heating.

Open-Loop Systems

Water drawn from open sources such as lakes, pond and wells can be circulated through the piping that
collects heat when it acts as an evaporator or that dissipates heat when it is used as a condenser. The
temperature of water that lies at the deepest points in a pond or lake, even those that freeze over in
winter, doesn’t fluctuate by more than a couple of degrees over the year, and so is a good heat medium.
Deep wells (those over 25 feet in depth) also share this attribute, which makes them well suited for use
with water-to-air and water-to-water heat pumps. The two key issues that can have a detrimental effect
of the system’s performance are the water’s quantity and quality.

A general conservative estimate of the amount of water required for sustained heat pump operation is 3
gallons per minute per ton at the evaporator or condenser. Therefore a 3-ton heat pump that may need
to operate all day long would have to be capable of at least:

9 gallons per minute x 60 minutes per hour x 24 hours per day = 12,960 gallons per day

While most lakes and large ponds should be capable of supplying this amount of water, especially if the
water is being returned to that source, a residential well may not. Also, a residential well’s primary
purpose is usually to supply an adequate amount of domestic potable water for the home, and that
factor combined with the heating/cooling water requirement often makes residential wells undersized
and a non-viable option. Professionals such as hydrologists and well drillers should be consulted when
investigating deep wells as an option.

After water from an open-loop system has passed through a heat pump, it is then returned to the same
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environment it was drawn from. The use of a private well may not be as much a contentious issue as
would the use of “public” water, such as from a stream, lake or pond. Increasing environmental
awareness may play a large part in the allowance or prohibition of such endeavours, and appropriate
local, provincial and federal codes and laws must be consulted before forging ahead with an open-loop
system. Also, the fact that the water may be returning to a private well may still have restrictions in
place by groundwater legislation.

The quality of the water source is also a consideration to be dealt with. Deep wells are often high in
TDS (total dissolved solids), silt, calcium and magnesium carbonates (hardness), sulphur compounds,
manganese and iron, to mention a few constituents of groundwater. These can accumulate in the piping
and heat exchangers and be the cause of high ongoing maintenance and a host of other possible
problems. Manufacturers of heat pumps usually have literature that lists the possible contaminants
found in open-loop systems, what their acceptable limits are and how to deal with them. Always
consult manufacturers’ literature to avoid costly repairs and warranty issues.

Figure 7 below is representative of an open-loop system using a lake or pond as the water source.
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Figure 7 An open-loop system using a lake as the source

The pump is elevated above the lake bottom to prevent silt from being drawn into it. A sleeve is used
around the intake line to allow the pump to be pulled and replaced for maintenance or repair, and
terminates in a vault that is large enough to allow proper working space for the above. The submersible
pump uses a variable speed controller that is set to provide a certain amount of temperature drop across
the heat exchanger. If there is a large thermal demand on the system, indicated by a wider temperature
differential, the pump’s speed increases to try to maintain the preset temperature drop. When the
thermal demand lessens and the temperature differential narrows, the pump slows down.

On the load side of the heat exchanger, flow through each heat pump is controlled by a zone or
motorized valve that opens when the heat pump starts. A variable-speed, pressure-regulated circulator
modulates flow between the heat exchanger and heat pumps. It will ramp up or down to provide only as
much flow as is needed, thereby minimizing power requirements. Keeping pumping power usage as
low as possible contributes to achieving higher COPs and EERs.

An open-loop well system is shown in Figure 8 below.
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Figure 8 Open-loop well system

The water supply section of this system operates almost identically to that of a well system supplying
only potable water to a house, in that it is operated by a pressure switch and a hydro-pneumatic tank.
The pump comes on when the drop in pressure in the system causes the switch to close, and stays on
until the pressure reaches its higher shutoff point. The building’s potable water system normally
operates in this fashion. When water flow through the heat pump is needed, an electrically-operated
solenoid valve opens and will close when the heat pump shuts off. A throttling valve and flow meter
automatically adjust the flow rate through the heat pump, and a flow switch verifies that there is flow
through the piping before the heat pump is allowed to operate.

Now complete Self-Test 2 and check your answers

Self-Test 2

Self-Test 2

1. Which one of the following choices is associated with the heating efficiency of a heat pump?

a. Annual fuel utilization efficiency (AFUE)
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b. Coefficient of performance (COP)
c. Energy efficiency rating (EER)
d. Steady state efficiency (SSE)

2. Which one of the following choices is associated with the cooling efficiency of a heat pump?

a. Annual fuel utilization efficiency (AFUE)
b. Coefficient of performance (COP)

(@]

. Energy efficiency rating (EER)

e

Steady state efficiency (SSE)

3. Pick the response that most accurately completes the following statement: “Water-to-water heat
pumps in heating mode work best when .....”
a. The source temperature is highest and the load temperature is lowest
b. The source temperature is lowest and the load temperature is lowest
c. The source temperature is highest and the load temperature is highest

d. The source temperature is lowest and the load temperature is highest

4. What is one ton of cooling equivalent to?

a. 2,000 btuh
b. 7,500 btuh
c. 12,000 btuh
d. 36,000 btuh

5. When determining a COP for the heating side of a heat pump, what are the units of measurement
for the electrical energy input?
a. Volts
b. Amps
c. Ohms
d. Watts

heat output (btuh)

electric input (watts) x 3.413
of a heat pump that is to deliver 24,000 btuh and its compressor is rated for 10 amps at 240 volts?

6. Using the formula COP = , what would be the COP

a. 2.93
b. 10
c. 29.3
d. 100

7. Select the response that most accurately completes the following statement: “Water-to-water heat
pumps in cooling mode work best when .....”




10.

11.

12.

13.

a
b.
C.
d.
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The source temperature is lowest and the load temperature is highest
The source temperature is highest and the load temperature is highest
The source temperature is lowest and the load temperature is lowest

The source temperature is highest and the load temperature is lowest

What would be the EER of a heat pump that is to exchange 2 tons of cooling if the compressor is
rated for 10 amps at 240 volts?

a.
b.
C.
d.

2.93
10

29.3
100

In order to keep the EER of a heat pump in cooling mode as high as possible, what is the
maximum suggested flow rate through either the evaporator or condenser?

a.
b.
C.

d.

1 GPM
2 GPM
3 GPM
4 GPM

Why are earth (ground) loops considered to be a better heat pump source media than air?

Because the ground is always hotter than outdoor air
Because the ground is always colder than outdoor air

Because the ground temperature is more consistent year-round as compared to air
temperature year-round

Because the ground temperature is less consistent year-round as compared to air
temperature year-round

What is the piing material most commonly used in ground-source heating?

a
b.
C.
d.

PeX
HDPE
Steel
Copper

According to conservative estimates, at least how many GPM per ton would be required in a
water-to-water or water-to-air heat pump?

a
b.
C.
d.

1
3
5
10

When using open-loop systems, what are the characteristics of water that are of most concern?
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a. Quantity and quality
b. Only the pH value
c. Only the GPM

d. Only the TDS

14. In an open loop system using lake water as the source, what is used to allow periodic replacement
of the pump?
a. A sleeve on the intake line and a vault
b. A sleeve on the return line
c. A rowboat with oars

d. A crane on a barge

15. What two components of an open-loop well system are similar or identical to those found in a
well system for a house?
a. A throttling valve and TXV
b. A solenoid valve and flow switch
c. A torque arrestor and flow meter

d. A hydro-pneumatic tank and pressure switch

Check your answers using the Self-Test Answer Keys in Appendix 1.

Media Attributions

 Figure 1 Heating capacity for a water-to-water heat pump © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 2a Heat capacity at 60°F (16°C) ground temperature © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 2b Heat capacity at 35° (2°C) ground temperature © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

+ Figure 3 Heating capacity graph © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/
en-us). Used with permission.

 Figure 4 Typical 3-ton water-to-water heat pump cooling capacity © Caleffi Hydronic
Solutions (https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 5 Energy efficiency ratios (EERs) of a typical water-to-water heat pump © Caleffi
Hydronic Solutions (https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 6 Soil temperatures at different depths and times of year © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

» Figure 7 An open-loop system using a lake as the source © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 8 Open-loop well system © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/
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Learning Task 3
Closed-Loop Systems

A closed-loop geothermal system is a good choice when open-loop sources are either not available or
are not allowable for various reasons noted above. Closed-loop geothermal systems either extract low-
temperature heat from the earth (in heating mode) or reject it (in cooling mode) by circulating 100%
water or a water-based antifreeze solution through a closed assembly of piping loops that are buried in
the ground. These loops can be installed either vertically or horizontally.

The choice of use of a horizontal earth loop installation is based on available area, soil conditions and
availability of excavating equipment. Piping is buried 4 to 8 feet below the ground’s surface and can be
installed with one, two or four pipes in a narrow trench or as a series of coils known as “slinkies” that
are installed in a larger excavated area.

Figures 1 through 4 below show pipes installed in trenches created either by chain trenchers or
backhoe-type excavators. Ground conditions typically determine which of the two are used; if the
ground has soils with rocks that are no larger than fist-sized, the chain trenchers can be used. A “Ditch
Witch®” is a well-known example of this type of tool. Trenches can be narrow, as shown in Figures 1
and 2, and therefore use less area for the system piping, with up to two pipes per trench. The narrow
trench and its spoils will occupy less ground area before backfilling.
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Single Pipe

excavate with chain trencher

™

6 inches

Figure 1 Single pipe in trench
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2- Pipe (over and under)

excavate with chain trencher

N

/4 feet

eet

i

——granular fill
—tubing

B

6 inches

Figure 2 Two pipes vertically in trench

2- Pipe (side by side)

~——— 4106 feet ———

granular fill around piping
(may not be needed in light soil)

Figure 3 Two pipes horizontally in trench
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finish grade
backfill with dozer or loader

4- Pipe Square

y

<2 feet—>—<———4 feet

granular fill around piping
(may not be needed in light soil)

Figure 4 Four pipes in trench

If larger excavators are needed due to soil conditions or chain trencher availability, the trenches will be
wider and will therefore have room available to install two or four pipes within them, such as in
Figures 21 and 22. Using four-pipe trenches can reduce the area needed for the piping “field” which
may be advantageous.

Figure 5 below shows pipe fashioned into coils, known as “slinkies” and laid within wide excavated
areas. These layouts work well in soils that can be excavated and back-filled using a front-end loader.
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Figure 5 “Slinkies” laid into large-area excavation

Note that the coils are attached to two manifolds seen near the bottom of the picture. This means that
the coils are piped in parallel, rather than in series, with each other and reduces the power that the
circulator(s) must produce in order to move the water solution through the field. Figure 6 below shows
the coils partially backfilled.

7-' -

B2 AL ol 0
Figure 6 Partially backfilled “slinkies”

Note that in Figures 5 and 6, there is a straight run of pipe beside each coil. This is the return line from
the end of the coil. There will be a supply and a return manifold for each field.
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If there is insufficient area in which to install horizontal earth loops, such as in an urban
neighbourhood, vertical earth loops are a viable option. Equipment that is similar or identical to that
which is used by well drillers create 6-inch bore holes that can be many hundreds of feet deep. Figure 7
below shows an example of a vertical field of bore holes.

C il |

g \ horizontal

trench

reverse return
. header piping
© (stepped pipe sizes)

gl
gl
A

\ prefabricated U-bend

N\ U-tube insert

u’\ bore hole (grouted after tubing is in place)

Figure 7 Field of boreholes with vertical loops

The boreholes are normally 6 inches in diameter, with 125 to 150 feet of borehole required per ton of
heat pump evaporator capacity. Once a borehole is established, a U-tube of HDPE or PeX tubing is
inserted down into the full depth of each borehole. Because of the tight space in the borehole, a special
pre-formed return bend is fusion welded to the ends of the vertical tubes and pressure tested before
being installed. After insertion, the space between the tubing and borehole is filled with a grout mixture
composed of sand and an expansive clay called Bentonite. The addition of grout increases the thermal
conductivity between the earth and the tubing. As well, it acts to fill the void to prevent any ground
surface contaminants from making their way down into the water aquifer.

The supply and return tube from each borehole are then connected together into supply and return
manifolds or “headers”, in much the same fashion as in a hydronic heating system. A reverse-return
piping configuration, as shown in Figure 8 below, ensures equal flow through each borehole.



Block G: Green Thermal Systems 43

trench

RV "j*\horizontal
’ V-

reverse return
b .| | header piping
A7 | || (stepped pipe sizes)

o
N \ prefabricated U-bend
\ A

\ - U-tube insert

\J,\ bore hole (grouted after tubing is in place)

Figure 8 Reverse-return manifold piping

Piping for Closed Earth Loops

The most commonly used material for earth loop piping is HDPE (high density polyethylene)
specifically designated as PE3608 based on the ASTM F-412 standard. This is a thermoplastic material
that can be heat-fusion welded, making it very adaptable to all aspects of connecting piping for direct-
earth burial. Although a DR (diameter-ratio) of 11 or lower is preferable for buried tubing, this thicker
material isn’t as favourable for heat transfer as is that with a DR of higher than 11 (remember that the
lower the DR number, the thicker the pipe wall). When done correctly, heat-fused joints are stronger
than the base pipe itself and can last for many decades. For information regarding the processes
involved in heat-fusion welding, consult the ITA modules concerned with Level 1 of the BC Pipe
Trades Training programs.

Cross-linked polyethylene tubing (“PeX”) can also be used for buried earth loops, although this
practice isn’t as common as is the use of non-cross-linked PE3608 tubing. PeX tubing cannot be joined
by heat-fusion methods, so any buried joints must be made using mechanical means that are approved
by the manufacturer. If PeX tubing is to be used, the system is carefully pre-planned so that any buried
tubing is continuous and free of joints or connections, and the manifolds are accessible either inside or
outside the building.

Exterior versus Interior Manifolds

A manifold is simply a series of tee connections into a main pipe, commonly referred to as a “header”.
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Manifolds for earth loops are most commonly formed by heat-fusing tees into a header that will
increase in size according to the amount of flow through each segment, with a header at the supply and
return ends of the loops. These headers are buried underground along with the loops and are not
accessible for flow adjustment, temperature monitoring or for the possible addition of more loops
unless they are located within a buried vault that is freeze-protected, or an aboveground structure with
the same considerations. For equal flow to be an option, the loops must be connected to the mains in a
reverse-return configuration, identical to that found in hydronic heating systems, and the loops must
also be of the same length. If monitoring and adjustment of flow rates and temperatures is desired, or if
more loops are to be added, manifolds are best installed within the building.

If the piping manifolds are outside the building, there will only be two penetrations of the foundation
wall necessary; one for the supply header and one for the return header. This makes sealing of the pipe
penetrations simpler. Figure 9 below illustrates a common method of sealing pipe penetrations through
foundation walls.

concrete
wall

mechanically
compressed
collar

The mechanical seal shown above expands both outward and inward when compressed by tightening
the through-bolts. The holes in the concrete foundation must be of a certain size in relation to the pipe
and can either be pre-formed at the time of the pour or drilled through the wall using a “core drill”
machine. In either case, the interior surfaces of the hole must be smooth.
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The area around the pipe penetrations should be backfilled with clean granular fill and compacted
adequately so as to deter soil settlement that may put stress on the pipe at the penetration.

The two obvious disadvantages of installing manifolds inside buildings are that there are many more
pipe penetrations in the structure, and that the individual loop lengths must be longer. The advantages
of interior manifolds are:

* reverse-return layout and equal-length loops are not necessary because of the ability to
control flows and monitor temperatures for each loop from an accessible location

» “stepped” pipe size isn’t required, as the flows through each loop are now controllable

* temperature monitoring is easily accomplished by the placement of accessible thermometers

 pre-manufactured manifolds are available, which negates the necessity of heat-fused joints

* the system can be increased in capacity by the addition of more loops to the manifold

« if a leak is suspected in any loop, it can be shut down for repair without affecting the flow

through the other loops

Figures 10a and 10b below shows an example of a pre-manufactured interior modular manifold.

Figure 10a Exploded view of modular geothermal manifold
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Figure 10b Assembled view of modular geothermal
manifold

If control of an exterior manifold is desired, they can be mounted inside a buried, semi-buried or
aboveground heated enclosure, often called a “vault”. Figure 11 below is an example of a buried vault
installation.
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precast concrete cover
2" (minimum) polystyrene
insulation

precast concrete vault
polystyrene insulation
filter fabric

tamped crushed stone

/ manifolds

Caleffi 90° elbows

supply / return mains
to building

3

perforated PVC riser
with screening

4" PVC piping
to footing drain, or

\ earth loop circuits other drainage sump

Figure 11 Exterior manifold in a buried vault

The open bottom design of the vault allows the individual loops to be routed up to their respective
manifold connections, as can the manifold mains be dropped down underground to the building. As
well, the open bottom prevents the vault from becoming buoyant and floating upward in the event that
the ground becomes saturated. Figure 12 below shows a buried vault with a formed bottom and sealed
pipe penetrations.
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watertight perimeter gasket
flush cover
rigid foam insulation
(as recommended in colder climates)
rigid foam insulation

= ——— =

watertight
precast concrete
vault

tamped fill /— manifolds

=5 | 2
= E& 5 | o
piping to
€eo
tamped fil /" abows building
= |

4
\ =

tamped fill

watertight
mechanical compression seals
(all penetrations)

earth loop circuits

Figure 12 Watertight buried vault

The vault in Figure 12 would be prone to “floating” in a highwater table unless engineered with extra
ballast.

Earth Loop Sizing Considerations

The length of tubing required for earth loops systems depends on many factors, such as:

* the diameter and wall thickness of the tubing
* the depth of burial
* the heating and cooling capacity of the heat pump(s)

* the maximum and minimum earth loop fluid temperatures during the heating and cooling
seasons

* the arrangement of the tubing within trenches or boreholes

* the thermal conductivity, moisture content, density and structure of the soil
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Earth loop lengths are calculated based on the above information, for the heating load and the cooling
load separately. The longer of the two lengths is then chosen. Other general considerations of note are:

the deeper the horizontal loops are buried, the less loop length is needed

single loops spaced further apart are more effective than multiple loops placed closer
together, although less trenching may be needed. This suits an installation with minimal
space available

wet, dense soils are preferable to light, dry soils

vertical loops will experience less soil temperature variations than will horizontal loops, and
as such are more consistent with their COP over winter months

earth loops should be designed so as to maximize turbulent flow. Turbulent flow provides
more heat transfer than does laminar flow

make sure backfill doesn’t leave any voids or air pockets, which are more insulative than
conductive

all earth loops should be pressure tested with compressed air to at least 75 psi for 24 hours,
with no drops in pressure. Any leaks in underground pipe, once it is buried, will be almost
impossible to pinpoint.

Connections to Heat Pumps and Equipment

An example of the piping connections and major components of an earth loop with exterior manifold
and a single heat pump are shown in Figure 13 below.
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reinforced
hose connectors

(anti-vibration)\ ‘4

i)

———
water-to-water

circulation heat pump reinforced
& purging hose connectors

module (anti-vibration)

high capacity purging valves

= v U
earth loop circuits

Figure 13 Piping connections between the earth loops and heat pump

The circulation and purging module contains two circulators and two high-capacity purge valves.

The two circulators are piped in series with each other, which roughly doubles the pressure head
created. This may be necessary when long loop lengths are used. The high-capacity purge valves are
necessary for the filling process. When horizontal loops are used, there are many high and low points
within each loop, where air can collect to cause circulation problems. Purging the loops at a high flow
rate with a temporary external pump will carry any trapped air out of the loops.

Reinforced flexible hose connects the heat pump to the inlet and outlet piping. This reduces or
eliminates any issues caused by vibration.

Figure 14 below shows the major components that may be found on an earth loop system using an
interior manifold. Note that there are minor components that are similar to those found in a hydronic
heating system. These would also be necessary for the system shown in Figure 13.
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(anti-vibration)

water-to-water
heat pump
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W W\ W I NJ
earth loop circuits

Figure 14 Piping connections and components of a heat pump and interior manifold

“Power-purging”, which is forcing air from the earth loops by high-velocity water flows from an
exterior pump, will remove the large bubbles present during the initial filling of the loops, but because
the system is “closed”, it will need to have a microbubble resorber (air separator) installed to take care
of the microscopic air bubbles that will collect once the water-based solution is heated. An expansion
tank is necessary to allow for the expansion and contraction of the fluid through its heating and cooling
cycles. A dirt separator keeps unwanted debris from accumulating in the loops. Each individual loop
can be purged of air, so the purge valves do not have to be large enough to accommodate high flow
rates through the entire earth loop simultaneously.

Earth Loop Fluids

100% water is seldom used in earth loops. This is due to the fact that the refrigerant evaporators can
operate at temperatures well below the freezing point of water. Thus, antifreeze solutions using salt,
glycol or alcohol additives are needed.
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“Brine” solutions of water and calcium chloride and potassium acetate were used in early generations
of geothermal heat pump systems but, because of their corrosive nature which affected any ferrous
components of the systems, they are not widely used anymore.

Alcohol-based antifreeze fluids are diluted solutions of ethanol and methanol. The negative issues with
these fluids are that they are toxic and, in certain strengths, are also flammable, and therefore are
banned by many jurisdictions for use in geothermal systems.

A water-based solution of food-grade propylene glycol is by far the most widely-used fluid for
geothermal systems. It is non-flammable, non-corrosive and non-toxic. A common solution strength is
20% propylene glycol, 80% water. Commercial-grade propylene glycol may contain small amounts of
“inhibitors” that make the solution less acidic, discourage the growth of bacteria and minimize
corrosion potential.

Heat Emitters for Earth Loop Systems

As mentioned earlier, radiant floor heating systems are perfectly suited for use as the recipients of
geothermal heat. They are the emitters that tend to operate at the lowest temperatures necessary to
convey heat to a building. This is due to the large floor surface area available for the delivery of heat to
a room. Any other heat emitter is more compact and therefore requires a higher temperature of the fluid
being driven through it. Radiant floor heating system design is covered within the Hydronic Heating
component of Levels 2 and 3 of British Columbia’s Plumber apprenticeship training program. An
example of a geothermal system connected to a radiant floor heating system is shown in Figure 15
below.

single zone radiant panel
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water-to-water
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[
valves
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earth loop circuits

Figure 15 A single-zone, combination geothermal radiant heating system

The system shown in Figure 15 is a simple single-zone heating-only application, in which the heating
capacity of the heat pump is assumed to be matched to the heat output required by the floor system at
the lowest design water temperature possible. The suggested maximum supply water temperature for a
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system such as this is 120°F (49°C). Remember that the lower the supply water temperature required,
the higher the heating capacity and COP of the heat pump. With a single zone application and a heat
pump output matched to the design heat loss, the system would simply be turned on and off whenever
there is a call for heat.

On larger heating-only systems with multiple zones, where the heat pump’s output is designed for all
zones possibly needing heat at the same time, the installation of a buffer tank is necessary in order to
prevent the heat pump from short cycling. Figure 16 below shows such an arrangement.
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Figure 16 Geothermal/heating only system using a buffer tank

The buffer tank is the “load” for the heat from the geothermal system and in turn is the heat “source”
for the radiant floors. An outdoor reset control is used to maintain the temperature of water in the
buffer tank as calculated by the needs of the floor system. In this way, there is no mixing valves needed
for the floor system. The large thermal mass of the buffer tank allows the heat pump to operate for
longer periods of time and thereby reduces the possibility of short-cycling. As well, it acts as a
hydraulic separator between the load side of the heat pump and the radiant floor circulators.

Figure 17 below shows an example of multiple heat pumps being used to supply heating-only to a
radiant floor system with multiple zones. An outdoor reset control will operate to cycle the heat pumps
on and off as needed to maintain the required temperature in the buffer tank.
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Figure 17 Multiple heat pumps supplying a multi-zone heating-only radiant system

This control strategy is similar to that used by multiple boilers. The trend for many decades now has
been to use a number of small heating plants, rather than one large one, to supply the heat demand. This
achieves greater efficiencies in the shoulder seasons where the heat needed is minimal.

Now complete Self-Test 3 and check your answers.

Self-Test 3

Self-Test 3

1. If a chain trencher is used, how many pipes can be buried in the trench?

a. 1only
b. lor2
c. 1to3
d. 2to4

2. What is the normal capacity of a 6-inch vertical borehole in feet per ton of capacity?

a. 75-100
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b. 100-125
c. 125-150
d. 200-250

. What is used in a borehole to increase the thermal conductivity between the tubing and the earth
around it?

a. Nothing

b. Concrete

c. Gypsum and gravel

d. Sand and Bentonite

. How are the manifolds piped in a vertical field?

a. In a series-loop configuration
b. In a Monoflo® tee configuration
c. Inareverse-return configuration

d. In any configuration that uses less pipe

. What is the material that is most commonly used for earth-loop piping?

a. PeX
b. PVC
c. CPVC
d. HDPE

. How is earth-loop piping joined?

a. Using crimped connections

b. Using heat-fusion methods

c. Using threaded connections

d. Using pressed fittings and methods

. If manifolds are installed inside a building, how many wall penetrations will there be?
. None

a
b. Two only

Four or more

@

d. Two for each field loop
. Which one of the following choices would not be an advantage to installing manifolds within the
building?

a. There are many pipe penetrations through foundation walls

b. Flow through each loop can be monitored and adjusted

c. Length of larger-diameter manifold pipe is reduced
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d. Temperature of each loop can be monitored

9. Which one of the following choices would not be an advantage to installing vertical, rather than
horizontal, earth loops?
a. There is less ground area needed
b. There is less soil temperature variation
c. Specialized well-drilling equipment and personnel is needed

d. More vertical pipe means less chances of air pockets being formed

10. What is the accepted pressure and duration of the air test on all buried piping in earth-loop
installations?
a. 15 psi for 1 hour
b. 50 psi for 2 hours
c. 75 psi for 24 hours
d. 150 psi for 72 hours

11. What is “power-purging”?

a. Freeze-protecting loops using electrolysis
b. Heat-fusing HDPE using high-temperature air
c. Adding antifreeze by using pressurized water

d. Removing trapped air by using high-velocity water flows

12. What type of antifreeze solution was used in early versions of geothermal heat pump field loops
but is no longer the industry standard?

a. Alcohol-based
b. Ethylene glycol-based
c. Calcium chloride-based

d. Propylene glycol-based

13. What type of heating system is best suited for use with geothermal heat pumps?

a. Forced air
b. Radiant floor
c. Cast-iron radiator

d. Baseboard wallfin

14. The installation of what piece of equipment helps ensure that a heat pump in a multiple-zone
heating system doesn’t short-cycle when only one or two zones are calling for heat?

a. A buffer tank
b. A heat exchanger

c. An expansion tank
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d. A water makeup line

15. What control component is used to maintain the temperature of the water in a buffer tank, and
thereby eliminate the need for a mixing valve?
a. A thermostat
b. An expansion tank
c. An outdoor reset controller

d. A differential pressure relief valve

Check your answers using the Self-Test Answer Keys in Appendix 1.

Media Attributions
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us). Used with permission.
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Solutions (https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 14 Piping connections and components of a heat pump and interior manifold © Caleffi
Hydronic Solutions (https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 15 A single-zone, combination geothermal radiant heating system © Caleffi Hydronic
Solutions (https://www.caleffi.com/usa/en-us). Used with permission.

+ Figure 16 Geothermal/heating only system using a buffer tank © Caleffi Hydronic Solutions
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Hydronic Solutions (https://www.caleffi.com/usa/en-us). Used with permission.




Block G: Green Thermal Systems 59

Learning Task 4
Combined Heat/Cool Systems

To this point, we have focused mainly on the use of heat pumps for heating applications. There are far
more design possibilities within that context, and to try to cover them all would be pointless. To that
end, we will now look at a few options for the use of ground source heat pumps in heating/cooling
scenarios.

The biggest advantage in the use of a reversible heat pump is its ability to provide both heating and
cooling. Water taken to low temperatures for use in cooling operations is known as “chilled water”.
While heating water can be utilized at low or high intensities (temperatures) depending on the intended
size and type of emitter, there aren’t normally as many options available for the use of chilled water for
cooling.

Firstly, if a building’s cooling system is meant to provide comfort for its inhabitants, it must lower both
the air’s temperature and its moisture content. Most heat pumps are capable of producing chilled water
in the 40°F — 60°F (4°C — 15°C) range, with some able to reach temperatures below 32°F (0°C). Such
low temperatures are not only not necessary but they also negatively impact the cooling capacity and
EER of the heat pump. It is seldom necessary to chill water to temperatures below 45°F (7°C), and
temperatures greater than 60°F (15°C) will not effectively remove moisture from the air. Removing
moisture from air is known as latent cooling and is a critical step in maintaining comfort conditions
indoors.

Morning dew on a lawn is a visible indication that moisture from the air has condensed overnight when
the outdoor temperature has dropped below a certain point. This point is known as the dew point, at
which the air is said to be saturated, and any cooling of the air below this point will result in the water
vapour condensing into water. This is the most important effect caused by building cooling that must be
dealt with.

There is no singular dew point temperature; it changes with the air’s thermometer-measured (sensible
heat) temperature, called the dry bulb temperature, and the relative humidity of the air. Because of the
issue concerning condensation formation on surfaces conveying chilled water, radiant cooling is not
often an option. High-tech, expensive controls would be needed for those systems to ensure that the
chilled water temperature stays a few degrees above the dew point, which would need to be calculated
at all times of cooling, while still ensuring it is cold enough to achieve the desired cooling effect.
Radiant-cooled surfaces would actually be the interior surfaces of the building and would become wet.
This means that, as far as the cooling (evaporator) side of a heat pump is concerned, air will be the
medium being cooled.

Any piece of equipment that intentionally uses chilled water to lower the temperature of the air for
cooling purposes is called a chilled water terminal unit, and the formation of condensed water on the
surfaces of the heat exchanger within it, as just mentioned, is fairly unavoidable. Therefore, there must
be means of collecting and disposing of this condensation. Chilled water terminal units will contain a
drip pan for these purposes. Condensation forming on the surfaces of the chilled water heat exchanger
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will form droplets that will fall vertically into a pan made of corrosion-resistant material, usually
plastic. The drip pan is then piped to a safe disposal location such as a hub drain or to outdoors. This is
clear-water waste by definition and so can be disposed of almost anywhere, according to governing
Plumbing codes. Sch 40 PVC is the material most commonly used for this purpose.

Figure 1 below shows two examples of chilled water terminal units.

Source: Spacepak

Source: Aermec

Figure 1 Chilled water terminal units

The upper image is of a unit that would likely be installed above a T-bar ceiling in a commercial
building. The lower image is of the terminal unit in a “split” system. It is meant to be exposed, high on
an outside wall, with the chilled water piping feeding it from a heat pump normally located outdoors in
either a residential or commercial setting.

Any component of a chilled water system that can contact air will have a possibility of condensation
formation on it, which will be problematic. Stained ceiling surfaces, puddles on the floor and mold and
mildew will be the results of unwanted condensation. Therefore, piping and other components of the
chilled water delivery system such as valves and circulators must be insulated and hermetically sealed.
Any air leakage onto those components will result in water drippage and must be avoided. Foam-type
insulation has proven to be the best material for this purpose due to its closed-cell structure, moisture
resistance and ability to be sealed tightly. Figure 2 below shows piping using foam- type insulation.
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Figure 2 Insulated piping and fittings

For proper operation, some piping components such as valve actuators and motors must remain
uninsulated.

Domestic Water Heating

There are far too many options available for the use of reversible heat pumps to list in this learning
module. For residential use, a heat pump is most often of the air-to-air variety based almost solely on
the facts that:

 while radiant heat is the most comfortable means of delivering heat to occupants, it doesn’t
match well with the budgets needed to fund the control systems required for radiant cooling
through the same system

* most homeowners don’t have the budget for separate radiant-heat and convective (forced-air)
cooling, and

* the use of two separate heating and cooling systems takes up more space than homeowners
and contractors are willing to sacrifice

Consequently, reversible heat pumps used in residential buildings are mainly of the air-to-air type.
Regardless of the type of system used, the heat that is rejected by the system in its cooling mode can be
diverted and used to heat domestic hot water, as shown in Figure 3 below.
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Figure 3 Heating domestic water using “reject” heat

In the figure above, the heat that would normally need to be rejected to the condenser through the
cooling process is instead diverted to a “desuperheater”. This heat exchanger instead transfers the
rejected heat to the water in the tank. In effect, this heat is truly 100% “free heat”.

Figure 4 below is an example of a system that is fairly elaborate, in that it has captured all the
aforementioned aspects of the use of reversible water-to-water (geothermal) heat pumps into one
system.
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Figure 4 A water-to-water reversible heat pump with domestic hot water generation

It shows a manifolded ground source (geothermal) field, a buffer tank, radiant floor heating, convective
(forced air) cooling, and domestic hot water generation.

Filling/Flushing

Unwanted debris in any system can cause problems, and so, just like every mechanical piping system,
an earth loop piping system must be flushed before being commissioned. Flushing using a high-
velocity stream of water is the preferred means for debris removal and should be done in an orderly
fashion. The order should be:

1. Fill and flush the earth loops and exterior piping

2. Fill and flush the interior portions of the earth loop piping and heat exchanger, then

3. Simultaneously purge the earth loops, exterior and interior piping

Once flushed, the earth loop side of the system can have antifreeze added if required.

A valved earth loop system will need to be purged in a different manner than one that doesn’t have
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valved earth loops. For a valved system, each loop can be individually isolated and purged at a rate of
at least 2 feet per second. This rate has been proven to be effective at removing air and debris from the
piping, however, the system’s installed circulator will usually not be able to move water at a sufficient
velocity and quantity to achieve proper purging results. Therefore, a powerful high-capacity purging
pump, as shown in Figure 5 below, is temporarily connected to the piping for both valved and non-
valved configurations. Sometimes called a “purge cart” or “purge barrel”, the setup consists of a pump,
which is similar to one used for pools or shallow wells, a barrel that holds at least 30 gallons of liquid,
and large-diameter flexible hose connections.

ﬁ 1" barbed PVC connector

reinforced supply hose
strainer basket
pressure gauge (use to prime intake)

/— "PVC union

min. 1.5 horsepowe
pool pump

wood base *\

07 295 x return hose
’ —— 1.5" PVC inlet pipe
*° T'/ —— 1.5" foot valve

30 gallon ©° -
plastic -

garbage N
barrel

Figure 5 Purge setup for earth loops

The pump will draw liquid from the barrel, push it through the piping at a high velocity and return it
into the barrel, where any entrained air will be seen as bubbly water. For a valved system, loops are
individually purged through the purge point connections installed in every loop until there are no
indications or air bubbles in the return flow. For a system with no valves, where loops are connected to
the mains in a reverse-return configuration and are inaccessible, the purge pump is connected to purge
points in the supply and return mains. This system will take longer to purge, as water has to be pushed
through the entire system and returned to the cart. Figure 6 shows potential purge flow rates in GPM
for the various parts of a non-valved system.
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Figure 6 Purge rates through a non-valved system

The flow rates in gallons per minute for three common sizes of loop piping are:

* 3.6 GPM for %" DR-11 HDPE tubing
* 5.7 GPM for 1" DR-11 HDPE tubing
* 9.0 GPM for 1 %" DR-11 HDPE tubing

As shown in Figure 6 above, the flow rate through the manifold will be the total flow rate through all
the loops it serves.

Figure 7 below illustrates connections and valve operation for first purging the loop and manifolds of a
non-valved system, and then the remainder of its piping.
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Figure 7 Purging a non-valved system

Once the purging is complete, the system can be started. It is recommended that, before adding
antifreeze, the system is operated for a day or two using 100% water. This will allow any minor leaks
to be dealt with, as well as ensuring that as much dissolved air as possible is removed from the system
through the microbubble resorber and the dirt separator has taken care of any debris issues remaining
after the purging process.

Adding Antifreeze

When freeze-protecting the earth loop system, its volume must be estimated fairly accurately in order
to determine the correct amount of propylene glycol to be added. Manufacturers’ literature will publish
the volume that one foot of their piping will hold, so all lengths and sizes of pipe must be recorded at
the installation phase for this purpose. The volumes that heat exchangers and other components will
hold are fairly small as compared to those in the manifolds and loops but must be added in nonetheless.
The total volume of piping to be freeze protected must be known as well as the desired percentage of
antifreeze solution. Most designers use a mixture in the range of between 15% and 25% glycol and
water, with 20% as the median value. This low percentage will protect the piping as it is buried and
shouldn’t be exposed to above-ground temperatures that can be much lower than those below-ground.

Once the system volume has been calculated, the amount of antifreeze to be added can be determined
using the following formula:
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Vantifreeze = % % (Vs + Vmin) where:

* Vantifreeze is the amount of 100% antifreeze to be added, in gallons

* % is the desired mixture of antifreeze/water, expressed as a percentage

* Vs is the calculated volume of earth loop piping system, in gallons, and

* Vmin is the minimum volume of fluid required in the barrel to allow proper pumping, in

gallons

Figure 8 below illustrates the minimum fluid level in the purge barrel below which air might be drawn
into the system, which must be avoided. This level is 1-inch above the intake level of the inlet fitting’s
uppermost opening.

=

minimum operating level

(1" below where air
starts to enter foot valve)
T — mark & label
minimum operating volume
= gallons

Figure 8 Minimum fluid level in purge barrel

This amount is added to the calculated system volume in order to accurately determine the total volume
of propylene glycol needed. As an example, if:

* The system volume is 124 gallons
* The minimum purge barrel operating volume is 2.5 gallons, and

* A 20% glycol mixture is desired, then

The percentage of 100% glycol needed would be determined using the equation shown above.

Volume = 20% x (124 gallons + 2.5 gallons)
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Volume = 20% % 126.5 = 25.3 gallons of 100% glycol

To add the antifreeze to our example system, first drain from the filled system the amount of 100%
water equal to 2.5 gallons. Then, add the 25.3 gallons of glycol to the purge barrel (this illustrates the
benefit of using a barrel that holds at least 30 gallons). Turn on the pump and let the mixture circulate
for at least 10 minutes in order to thoroughly mix the two mediums and to also rid the system of all but
the dissolved air which will be handled by the microbubble resorber once the system is in operation.

The purge pump is also used to pressurize the system to its operating pressure, typically between 20
and 30 psi, by throttling partially closed the outlet valve being used for purging. This pressurizes the
piping system including the expansion tank, which should be pre-charged to the desired system
pressure. Once the appropriate system pressure is reached, the inlet purge valve is closed, the pump is
shut off and the purge setup is removed. The fluid remaining in the purge barrel can be labeled as to its
product used, its concentration and its date and stored for future use.

The procedures used for adding antifreeze to a valved system are the same as for a manifolded system.

Expansion Tanks for Earth Loop Systems

If an earth loop system is closed, there will be expansion and contraction of the fluid within it which
are caused by changes in fluid temperature. This will affect the fluid’s pressure. An expansion tank is
therefore a necessity in a closed-loop system. These are identical to those used in a hydronic heating
system, and manufacturers will have sizing literature that is based on system volume and the net
temperature change that it will undergo. Just as in a hydronic heating system, the amount of
“acceptance volume” (amount of extra space the expanded liquid will occupy) needed will determine
the tank’s size, and just like those heating systems, using a glycol solution rather than 100% water will
have an effect on the size of tank needed. A system using a 20% glycol solution will typically need a
larger expansion tank than one with 100% water. Earth loops will typically operate between as low as
30°F (—1°C) during the heating season to as high as 90°F (32°C) in the cooling season, with 50°F
(10°C) usually used as the water temperature at the time of filling and commissioning.

Maintenance of Heat Pump Systems

Routine maintenance and performance checks should be done at least once a year, just like any other
building mechanical system. The closed systems should stay that way — don’t dump, flush and refill
any system unless necessary for repairs. Motors should be checked for excessive noise, vibration, heat
and amperage. Any filters should be routinely changed throughout the season. Operating temperatures
of the mediums should be checked to assure that the system is providing the expected temperature
differentials at various locations within the system, such as the evaporator and condenser. Always
check for fluid leakage and physical damage, and repair when noticed. Check for damaged or missing
piping insulation and replace if necessary. Make sure any condensate drain pans are collecting water as
they should, and ensure the piping from them isn’t blocked.

Now complete Self-Test 4 and check your answers.
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Self-Test 4

Self-Test 4

1. What is water that is taken to low temperatures and used for cooling known as?

a. Cold water
b. Chilled water
c. Cooling water

d. Condensed water

2. What is moisture removal from interior air, for cooling and comfort purposes, known as?

a. Latent cooling
b. Sensible cooling
c. Moisture depletion

d. Dewpoint verification

3. What is the most important consideration for cooling systems in order to avoid damage to the
building?
a. Fan locations
b. Noise and vibration
c. Thermostat locations

d. Condensate collection and removal

4. What is the condensate from a chilled water terminal unit considered to be?

a. Sewage
b. Rainwater
c. Potable water

d. Clear water waste

5. Besides being insulated, what other protection is needed to prevent piping and associated fittings
from causing condensation issues?
a. They should be made of plastic
b. They must always be concealed
c. They must be hermetically sealed

d. All piping should have drip pans below it

6. What variety of heat pump is most common for residential use in Canada?
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10.

12.

C.
d.

a.
b.
C.
d.

a
b.
C.

d.

a
b.
C.
d.

a.
b.
C.
d.

a. Air-to-air
b.

Air-to-water
Water-to-air

Water-to-water

7. Inits simplest sense, what is a “desuperheater”?

A heat exchanger
An undersized heater
A superheater that has been removed

A component of an air-to-air heat pump

8. What is the minimum suggested rate of purging (flushing) in order to remove unwanted debris
and trapped air from earth loops and manifolds?

1 ft/sec
2 ft/sec
3 ft/sec
4 ft/sec

9. What should be the minimum capacity of a purge barrel?

10 gallons
20 gallons
30 gallons
40 gallons

What component of an earth-loop system will remove dissolved air from the piping, just as it does
when installed in a hydronic heating system?

A microbubble resorber
An expansion tank
A purge cart

A float vent

11. What is the median (average) percentage of glycol/water mixture used in antifreeze systems for
heat pumps?
a. 80% glycol, 20% water
b.
C.
d.

50% glycol, 50% water
35% glycol, 65% water
20% glycol, 80% water

Where is the lowest point (minimum water level) that liquid should be when using a purge barrel
to flush or add glycol to the system, in order to prevent air from being drawn in with the liquid?
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a. 1 inch above the highest opening in the pump intake line
b. 1 inch below the highest opening in the pump intake line
c. 1inch above the lowest opening in the pump return line

d. 1 inch below the lowest opening in the pump return line

13. Which one of the following components would have to be installed in any closed earth-loop
system, to avoid issues caused by fluid temperature variations?
a. A circulator
b. A heat exchanger
c. An expansion tank

d. An outdoor reset controller

14. For calculation purposes, what is usually used as the water temperature at time of filling the
system?
a. 30°F (-1°C)
b. 50°F (10°C)
c. 70°F (21°C)
d. 90°F (32°C)
15. Which one of the following choices would not be one that should be done routinely as part of
regular system maintenance?
a. Change any filters regularly
b. Check for system leaks or damage
c. Dump, flush and refill all closed-system piping

d. Inspect motors for excessive noise, heat and vibration

Check your answers using the Self-Test Answer Keys in Appendix 1.
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Competency G2: Solar Thermal Systems

Solar energy has been used in buildings in Canada for decades. The oil crisis of the late 1970’s sparked
a flurry of interest in the use of renewable energy sources, with solar thermal at the forefront. A lack of
standards and regulations in those early years contributed to the failure and abandonment of many of
the systems although some are still operating today. The more recent push for a “greener” planet has
resulted in much more research and engineering of solar systems, with guidelines now established for
their design and installation. The intent of this module is to familiarize the learner with the basic
principles involved in the design and installation of solar thermal systems.

Learning Objectives

After completing this learning task, students will be able to:

* Describe the purpose of solar thermal systems
+ Describe the types of solar thermal systems

» Describe the components used in solar thermal systems

Nuclear reactions within the sun emit energy in the form of electromagnetic radiation of varying
wavelengths that stream outward through space. Figure 1 shows the relationship between the various
types of electromagnetic wavelengths and those of the “visible light” portion of the light spectrum.

solar spectrum ranges from wavelengths of approximately 0.2 to 2.6 micrometers
@ A
Radio Microwave Infrared Visible Ultraviolet X-ray Gamma Ray
>1 1107 107 «» 7x107 Tx107 «»4x107  4x107 <107 107% 1072 <107"

approximate wavelengths (meters)

The Electromagnetic Sprectrum

Figure 1 The electromagnetic spectrum

Although the intensity of electromagnet energy is very high when it leaves the sun, it is greatly reduced
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by the time it reaches the earth’s surface by encountering numerous factors such as gases, vapours and
dust particles in the atmosphere, as well as by geographic location, time of day and time of year. The
majority of radiation striking the earth’s surface travels in a straight line from the sun and is known as
“direct” solar radiation. Direct radiation is easy to reflect using polished silver or aluminum surfaces, or
to focus using parabolic mirrors. “Diffuse” solar radiation is the result of direct radiation striking gas,
vapour and dust particles in the atmosphere, which reflect it in every direction. Diffuse radiation cannot
be easily focused using mirrors and reflective surfaces, and so is therefore not a major contributor to
solar system design.

Solar angles play a significant role in the operation of solar heating systems. It takes 365 days for the
earth to orbit the sun, and within that period the earth’s tilt, called the declination angle, changes.
Declination angles are responsible for the changes in seasons and hours of daylight, and significantly
affect the intensity of direct solar radiation striking a fixed surface at any location on earth. The
declination angle can be seen as the change in the sun’s path across the sky between summer and
winter, as shown in Figure 2.

Mar. 20/21 June 20/21
Sep. 22/23 (summer solstice)

as

(equinox) e i

Dec. 21/22 B West
(winter solstice) .« f
"'[‘;\»
‘ \ALT o .
South — J + AJ _polar N/S line e RGRER

\-\E_/; AZI

AZI = solar azimuth angle ’(

ALT = solar altitude angle East

Figure 2 Example of solar declination with solar altitude and azimuth angles

There are two other solar angles at play, also shown in Figure 2, that can be measured simultaneously
and described; the solar altitude angle which is measured from a fixed surface to the centre of the sun,
and the solar azimuth angle which is measured from true north (0°) in a clockwise direction (the south
pole would be 180°). These angles change continuously as the sun moves across the sky, are different
at different latitudes and longitudes, and change over time as the earth’s magnetic field changes. It is
important to note that the solar azimuth angles are measured from “true north” (the polar axis point for
the earth’s rotation) and can differ by many degrees from “magnetic north”. The deviation between
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compass-indicated north/south and “true” north/south is called magnetic declination. Online calculators
such as Magnetic Declination (https://www.magnetic-declination.com/) can be consulted to determine
the magnetic declination for any point on the globe. For example, Kelowna, BC has a latitude of
49.8880°N and a longitude of 119.4960°W. Plugging these values into the website above results in a
magnetic declination of 15° 3.91" east. This implies that “true” south is actually 15° 3.91" (15.07°) east
of magnetic south. This information is necessary for use in accurately positioning the solar panels that
collect the sun’s rays.

Media Attributions

 Figure 1 The electromagnetic spectrum © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 2 Example of solar declination with solar altitude and azimuth angles © Caleffi
Hydronic Solutions (https://www.caleffi.com/usa/en-us). Used with permission.




76 Industry Training Authority BC



Block G: Green Thermal Systems 77

Learning Task 1
Types of Systems

Any device or combination of components intended to convert solar radiation into useable heat can be
classified as a solar thermal system, and within that designation lie the two classifications of systems,

which are passive and active systems.

Passive Solar Thermal Systems

Passive systems are solar thermal systems that collect and distribute heat without the use of fans or
circulators. A building with large south-facing windows and concrete floors can absorb heat during the
day and release it to the room in the evening. An example of a “direct gain” passive solar design is seen

in Figure 1.
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An appropriate amount of eave overhang allows the rays from the low winter sun into the building
while blocking the more overhead rays in the summer. In this way, heat gain is maximized in the winter
and minimized in the summer.

Passive solar systems can also be used to heat domestic hot water, as seen in Figure 2.
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Figure 2 Passive solar DHW system

A sloped solar collector is mounted below an insulated storage tank. When the sun’s rays warm the
water in the collector, it expands in volume, becomes less dense and is pushed upward by gentle
convection currents created by the cooler water below it into the insulated tank. This is known as
“thermosiphoning”. As long as there is more heat in the collector than in the storage tank, this process
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will continue. Once the sun sets, or at any time where the temperature in the collector falls below that
of the tank, the flow stops. These systems work well in warmer climates where the possibility of
freezing is minimal or non-existent, but in colder climates, the collector and any parts of the system
that may freeze must be drained. Figure 4 shows the insulated storage tank as a pre-heater for the
electric water heater. This can reduce the energy costs caused by the electric elements. If water
temperatures higher than 140°F (60°C) are expected, a thermostatic mixing valve must be installed to
avoid scalding water from reaching any plumbing fixtures. High temperatures are possible in any type
of solar water system, especially in times of prolonged sunny weather, especially if hot water demand
is low.

Active Solar Thermal Systems

Any system that uses a circulator to move a fluid through a solar collector is known as an active solar
thermal system. The use of a circulator (pump) to move water through the collector makes the design
considerations of these systems almost limitless. We will focus our study of solar thermal systems on
those using water or liquid as the heating medium, and we will start by looking at the heart of the
system, the collector.

Solar Collectors

There are two main types of solar collectors used in domestic hot water and space heating; flat plate
type and evacuated tube type.

Flat Plate Collectors

Flat plate type collectors have been on the market for many decades and can also be home-built. They
are essentially many small-diameter copper tubes that are bonded to a copper sheet and run vertically
within the housing between an upper and lower header, as shown in Figure 3.
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Figure 3 Flat plate collector
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The copper sheet absorbs the sun’s heat and transfers it to the copper tubes. The thermosiphon principle
moves the heated water to the upper header where it is pumped out to the system. The heat-absorbing
feature of the copper sheet is augmented by painting or electro-plating with a matte black finish. The
assembly of headers, tubes and sheet are contained within an aluminum frame having a high-impact
tempered glass cover and high temperature insulation between the back of the copper sheet and the
back of the frame. All materials have to be capable of withstanding temperatures in excess of 350°F
(177°C) on days where there is minimal or no water flow through the collector. As well, the collector
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must withstand the impacts from hailstones and other objects. Flat plate collectors have been used for
many decades and, due to their simple design, are capable of being fabricated on-site.

Evacuated Tube Collectors

Evacuated tube collectors are a series of glass tubes inserted into a special header. Each tube consists of
an inner and an outer glass shell, with the atmosphere removed from the space between them, which
makes it operate similarly to a Thermos® bottle. Inside the inner glass tube is a sealed copper tube that
has a special liquid inside it. When exposed to sunlight, the liquid in the copper tube vapourizes and
rises to the top of the tube, where the heat of the vapour is transferred via conduction through a copper
“cap” to a sealed socket in the liquid-filled header. The header’s liquid, which can be either water or a
water-glycol mixture, is then moved through the system by pumps. There is only one header at the top
of the tubes, with inlet and outlet at opposite ends.

Figure 4 Evacuated tube collector in position
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Figure 5 Evacuated tube collector

It is important to note that the liquid in the tubes never mixes with the system liquid within the header.
When the vapour in the tube cools, it condenses and falls back to the bottom of the copper tube, ready
to repeat the cycle. Headers can be “ganged” together for extra capacity, and piped similarly to heat
transfer units in a hydronic heating system. If a tube is damaged, it is simply pulled from the header
and replaced; the “socket” that the tube is inserted into is sealed to the header.

Swimming Pool Solar Collectors

One of the most common residential uses of solar energy is in the heating of swimming pool water.
These collectors are normally of the uninsulated, unglazed flat plate variety, made of UV-stabilized
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polymers that are compatible with the pool water’s chemistry. A sheet of small-diameter plastic tubes is
connected to an upper and a lower header and is laid on a flat surface such as a roof, with no insulating
material between them. Their design is similar to that of a flat plate collector, with the exception that
there is no enclosure around the headers or tube sheet.

upper polymer manifold

|
enlarged crossection
of polymer tube/sheet

96" to 144" (typical)

lower polymer manifold

36" to 48" (typical)

[}
L

Figure 6 Swimming pool collector

Ideally, the roof would be angled appropriately to as close to its optimum summertime declination as
possible, but in most cases, these collectors are placed wherever there is roof space available that has
exposure to the sun. Unlike the flat plate or evacuated tube collectors, the polymers of pool collectors
have a low thermal conductivity. They operate on a low temperature differential (AT), and a high
volume of water must pass through them in order to increase the water’s temperature by a degree or
two. Consequently, much more surface or “wetted” area is needed than the other two types of collectors
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mentioned in earlier text. Those operate on a much higher AT and so require less surface area and
volume. Swimming pool collectors operate by passing the pool water directly through them, so there is
no need for any type of heat exchanger.

Solar Collector Performance

Solar system designers look to collector manufacturers for data that reflects the output of their
products. The makers of solar collectors have data available that express the thermal efficiency of the
collector as a numerical value. This value is a ratio of the instantaneous heat output of the collector
divided by the rate solar radiation strikes the panel. This is similar to the expression of thermal
efficiency used by boiler manufacturers, in that it states the desired output quantity (collected heat) as a
percentage of the required input quantity (solar “fuel”). However, unlike a boiler, there are more
conditions that can change, which will affect the collector’s thermal efficiency, such as fluid inlet
temperature, the ambient air temperature and the intensity of the solar radiation striking it. These
conditions can be plotted on a graph, with the horizontal axis reflecting the “inlet fluid parameter”,

Ti —Ta

expressed as the result of the following equation: p = where:

 Tj = inlet fluid temperature to the collector in °F
* Ta = ambient air temperature surrounding the collector in °F
I = solar radiation intensity striking the collector in Btu/hr/ft

The greater the value of the inlet fluid parameter, the more severe the conditions under which the
collector operates, and the lower its thermal efficiency.

Figure 7 shows one graph that is used for determining the efficiency of a solar flat plate collector. We’ll
use it in the following example.



86 Industry Training Authority BC

0.8

0.7 \

0.6

/

0.5

0.4 - |

Collector thermal efficiency (%)

0.3 ; N
IHAN
o] i N\

0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 09 1

Inlet fluid parameter (°Fe hr « sq ft/Btu)
(7,-1.)
7

Figure 7 Efficiency graph for a solar flat plate collector

pP=

For our example, let’s assume that:

* Inlet water temperature to the collector is 160°F
* Ambient air temperature is 20°F

* Intensity of solar radiation striking the panel is 200 btu/hr/ft?

Figure 8 below is a graph that is representative of the amount of direct solar radiation that might be
expected at a geographical location lying at 40° north latitude, dependent upon summer versus winter
and at different times of the day. At noon, when the sun is most directly above the collector, that panel
may generate as much as 300 btu/hr/ft? of collector surface. Panels in lower latitudes can expect to peak
at higher outputs whereas panels in Canada, which are above the 49th parallel line of latitude, can
expect a lower output value.
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Figure 8 Example of intensity of solar radiation at a location at 40° north latitude

For our example conditions above, using the formula below, the inlet fluid parameter would calculate

160 — 20
— = p=07

to be: D= 500

To find the efficiency of that particular panel at that inlet fluid parameter, enter the graph in Figure 7 at
0.7 on the horizontal axis. Follow a vertical line up to intersect the diagonal red line, then read
horizontally left from that point to a value on the vertical axis. The reading arrived at is approximately
0.16 or 16%. This means that, under the aforementioned operating conditions, only 16% of the direct
solar radiation striking the panel is converted to a useable heat output. This low efficiency is due to the
unfavourable operating conditions, such as forcing the collector to operate with a relatively high inlet
water temperature during cold outdoor conditions.

For comparison, we’ll change only one of the operating conditions, namely the inlet water temperature.
If the same collector (hence same graph) has an inlet water temperature of 95°F and unchanged
ambient air temperature and solar radiation intensity, the equation becomes:

95 — 20
=2 p=0.375

P= 500

Plotting 0.375 on the horizontal axis, and projecting up to the diagonal line and over to the vertical
axis, the efficiency rises to approximately 0.42 or 42%. The significant drop in the inlet fluid
temperature results in a much higher thermal efficiency. This demonstrates that collector efficiency is
extremely dependent upon inlet fluid temperature. For best performance, the inlet fluid temperature to a
collector should be kept as low as possible.
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In Canada, building codes reference two publications that a solar system must conform to. They are:

» CSA F378 “Solar Collectors”, and
» CSA F379 “Solar Domestic Hot Water Systems (Liquid to Liquid Heat Transfer)

Anyone wishing to install a solar thermal system must satisfy the local Authority Having Jurisdiction
that the equipment meets or exceeds the performance criteria laid out in those publications.

Which Collector is Best?

There is no simple answer to this question. To make any accurate comparisons between collectors, one
would have to consider many factors such as differences in roof area requirements, maintenance
requirements, ability to shed snow, freeze protection options, water temperature required, aesthetics
and, no doubt, initial cost. From the standpoint of thermal performance only, the collector with the best
performance depends upon the temperature required by the system it supplies.

The graph in Figure 9 represents a sampling of performance ratings of different types of collectors as
compiled by the SRCC (Solar Rating and Certification Corporation) who are the US counterpart to
CANREA (Canadian Renewable Energy Association). CANREA are a not-for-profit association of
manufacturers and industry partners who provide guidance and certification for companies and
authorities in Canada involved in solar and wind technology. The graph shows that the collector with
the highest thermal efficiency depends on the value of the “inlet fluid parameter”, which was discussed
earlier.
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Figure 9 Efficiency comparisons of collector types

The graph indicates that, if the inlet water temperature is at or just above the ambient air temperature,
such as with a swimming pool, an unglazed, uninsulated flat plate collector will provide the highest
thermal efficiency. However, as the load temperature increases, an unglazed collector rapidly loses
efficiency relative to a glazed, insulated collector. At even higher inlet temperatures, the better-
insulated properties of the evacuated tube collector propel it past the glazed flat plate collector for
efficiency.

Truly, the only way to accurately compare seasonal performance in collectors is through the use of
computer simulation software based on a specified load in a specified climate.

Stagnation Conditions

In situations where there is bright sun but no flow through the collectors, such as in a power outage or
through a system component malfunction, the collector is said to be “stagnating”, and can reach
internal temperatures of 350°F or more. This can cause any plastic components in the piping to fail, so
copper tube has long been the piping material of choice. As well, prolonged stagnation can cause the
breakdown of glycol-based anti-freeze solutions, so some active systems employ a “self-dump” feature
that will automatically drain the collector if excessively high temperatures due to stagnation are sensed.

Now complete Self-Test 1 and check your answers.
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Self-Test 1

Self-Test 1

a.
b.
C.
d.

a.
b.
C.
d.

a.
b.
C.
d.

a.
b.
C.
d.

known as?

a.
b.

& n

1. What is the type of radiation that strikes the earth’s surface and is easy to reflect using mirrors?

Direct
Diffuse
Delinear

Deflected

2. What is the type of radiation that is reflected in every direction due to particles in the air, and that
cannot be easily reflected?

Direct
Diffuse
Delinear

Deflected

3. Which one of the following can be viewed as the position or change in the sun’s path across the
sky in the different seasons?

Solar azimuth angle
Solar altitude angle
Solar declination angle

Magnetic declination angle

4. Which one of the following is measured from true north in a clockwise direction, with the south
pole being 180°?

Solar azimuth angle
Solar altitude angle
Solar declination angle

Magnetic declination angle

5. What is the difference between compass-indicated north/south and “true” (polar) north/south

Solar azimuth
Solar altitude
Solar declination

Magnetic declination




10.

11.
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Which one of the following choices best describes the type of system that might use large south-
facing windows and bare concrete floors to absorb heat during the day and release it at night?

a. Active

b. Passive

c. Direct-gain active

d. Direct-gain passive

What is the term known as whereby heat from the solar storage tank is lost to the collectors
through convection currents?

a. Thermosiphoning

b. Respiration

c. Conduction

d. Radiation

What is the term given to any system that uses a circulator to move a fluid through collectors?

a. Passive thermal
b. Active thermal
c. Passive photovoltaic

d. Active photovoltaic

What type of finish on the tubes and sheets helps with the collection of heat by a flat plate solar
collector?

a. Brushed chrome

b. Bright white

c. Black matte

d. Unfinished

What type of solar collector is built somewhat like a Thermos® bottle?

a. Flat plate
b. Home built
c. Evacuated tube

d. Solar-declinated

What type of installation is well-suited to the use of collectors that are of the unglazed,
uninsulated flat plate UV-stabilized polymer variety?

a. Hot water tank

b. Swimming pool

c. Space heating

d. Greenhouses
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12. What collector criteria is the result of an equation that factors in the collector inlet fluid
temperature, ambient air temperature and solar radiation intensity?
a. Inlet fluid parameter
b. Outlet fluid parameter
c. Inlet collector perimeter

d. Outlet collector perimeter

13. At what time of day is solar direct radiation the strongest, no matter what the latitude of the
location?

a. 10 am
b. 12 pm
C. 2pm

&

5 pm
14. Which one of the following contributes most to achieving the best collector performance?

a. High collector outlet fluid temperature
b. Low collector outlet fluid temperature
c. High collector inlet fluid temperature

d. Low collector inlet fluid temperature

15. What is the term given to a high-temperature situation in the collectors that is caused by
unusually high sustained direct radiation and low flow conditions?
a. Radiation
b. Stagnation
c. Conduction

d. Stratification

Check your answers using the Self-Test Answer Keys in Appendix 1.

Media Attributions
 Figure 1 Passive building heating © Caleffi Hydronic Solutions (https://www.caleffi.com/
usa/en-us). Used with permission.

* Figure 2 Passive solar DHW system © Caleffi Hydronic Solutions (https://www.caleffi.com/
usa/en-us). Used with permission.

* Figure 3 Flat plate collector © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-
us). Used with permission.

 Figure 4 Evacuated tube collector in position © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 5 Evacuated tube collector © Caleffi Hydronic Solutions (https://www.caleffi.com/
usa/en-us). Used with permission.




Block G: Green Thermal Systems 93

Figure 6 Swimming pool collector © Caleffi Hydronic Solutions (https://www.caleffi.com/
usa/en-us). Used with permission.

Figure 7 Efficiency graph for a solar flat plate collector © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 8 Example of intensity of solar radiation at a location at 40° north latitude © Caleffi
Hydronic Solutions (https://www.caleffi.com/usa/en-us). Used with permission.

Figure 9 Efficiency comparisons of collector types © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.
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Learning Task 2

Active Solar Thermal System Operation

There are many different ways to combine solar thermal collectors with system hardware to provide
options for space heating as well as for domestic hot water. In some cases, both loads can be supplied
from a single system. Figure 1 below shows probably the simplest active solar thermal system.
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Figure 1 A basic closed active solar thermal system
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This system consists of one or more collectors, circulators, an expansion tank, a storage tank, a heat
load, control components and the piping connecting them. This is how it operates.

The collector temperature sensor and storage tank temperature sensor are connected to the differential
temperature controller. This controller constantly measures the difference between the two sensors, and
when the water temperature at the collector exceeds the tank water’s temperature by from 3 to 10°F, the
differential controller starts the pump which moves the cooler water from the bottom of the tank up
through the collector array and back to the tank. When the collector temperature is very close to, equal
to or below the tank’s temperature, the differential controller shuts the circulator off. Some differential
controllers contain logic that can adjust the speed of an ECM circulator to more fully utilize the heat
gained by the collector, speeding it up when there is much heat to be harvested or slowing it when, for
instance, clouds pass over. The check valve installed in the collector supply piping ensures that, if the
temperature of the collector water is lower than that of the storage tank water, thermosiphoning won’t
occur. Thermosiphoning would eject the tank’s heat back out to the atmosphere through the collector if
the circulator stops and the collector’s temperature was below that of the tank. The load on the system,
shown to the right of the storage tank, has its own circulator and would draw heated water from the
storage tank whenever the demand for heat at the load is there.

The downsides to this simple system are:

* It doesn’t have any means of freeze protection, and

 There is no alternate or “backup” source of heat for the load if the water in the storage tank
cools overnight

This simple system needs further controls and equipment to adequately address these shortcomings,
and to also provide for various different configurations caused by other added loads.

Methods of Freeze Protection

Firstly, any active solar system installed in North America should have a method of freeze protection
that will work automatically. Even states such as Florida and Texas can experience freezing
temperatures that would damage the system, even if it were to only occur overnight. Obviously, any
system installed in Canada must have freeze protection as a necessary option.

One option for freeze protection is to use antifreeze in the piping between the collector and storage
tank. This is known as a closed-loop antifreeze system and is shown in Figure 2 below.
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Figure 2 Closed-loop antifreeze system using storage tank as heat exchanger

In this system, the storage tank is actually a heat exchanger. The coil within the tank keeps the
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antifreeze solution separate from the heat load fluid, negating the need for antifreeze within the heat
load’s system. The tank and system load piping would need to be located within a heated space.

Figure 3 shows a heat exchanger mounted external to the tank, rather than within it. Although it
contains antifreeze on the collector side, the heat exchanger would have to be mounted within a heated
space to prevent the system water side from freezing.
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Figure 3 Externally-mounted heat exchanger using antifreeze

Systems having storage tanks with internal coils only need one collector circulator, whereas two are

needed when using an external heat exchanger, which results in added costs for the circulator and the
total power consumption. In either case, the heat exchangers should be generously sized to maximize
system efficiency. The larger the heat exchanger, the cooler the collector array can operate relative to
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the storage tank temperature. As previously mentioned, the cooler the collector operates, the higher its
efficiency.

An alternative method of freeze protection is to drain the water from the collector array and any other
exposed piping whenever there is no collection of solar energy during freezing ambient temperatures.
This option is called a drainback system. It relies on properly graded piping to quickly empty the
collectors and associated equipment.
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Figure 4 Closed-loop drainback system

The thermal storage tank, drainback tank and circulators are all installed within the boiler room or other
heated space. The drainback tank is installed in as high a location as possible, in order to minimize the



Block G: Green Thermal Systems 101

length of piping that is exposed to freezing conditions. The system is filled so that the water level is
somewhere within the bottom half of the drainback tank. A fluid level indicator, such as a sight glass, is
mounted parallel to the tank to give a visual indication of the water level within the tank. There should
be enough air space left in the tank to accommodate the water contained within the collector array and
exposed piping. Accordingly, the tank should be carefully sized. When the differential controller senses
more heat at the collector than at the tank, the circulator starts and fills the collectors and piping. The
water from the collector array spills into the drainback tank through the collector return. When the
circulator shuts off due to little or no temperature differential, water will fall back through both the
collector supply and return piping to the air space within the drainback tank, thus emptying any portion
of the system that could freeze. It is important that there not be a check valve in the collector supply
piping. This would prevent the exposed portion of that pipe from draining and would thus freeze. One
downside to a drainback system is that, even though it is a closed system, the collector circulator has to
be strong enough to “lift” water from the level of the drainback tank to the top of the collectors. In
some cases, two circulators installed in series are necessary to create enough head to get this job done.
Once the water spills through the collectors and into the return, it creates a siphon which assists the
collector circulator so that less power is consumed. A bonus to this system is that the drainback tank, if
properly sized, can also act as the expansion tank for the system water. Also, there is no automatic air
vent at the top of the system collectors. Any air within the system is directed to the drainback tank
where it adds to the space needed for the water to settle into in the “off” cycle.

Both types of freeze protection have advantages and disadvantages.
Closed-loop antifreeze advantages:

* Pitched piping not required
» Low wattage circulators can be used

» No drainback tank needed

Closed-loop antifreeze disadvantages:

» Extra expense of heat exchangers, antifreeze, expansion tank, pressure relief valve and purge
valve
+ Extra monitoring for pH level

* Increased awareness needed for cross connections and backflow prevention

Advantages of closed-loop drainback systems:

+ Slightly higher efficiencies by operating collectors at lower temperatures
* No antifreeze and associated equipment needed

* Drainback tank can also act as an expansion tank for rest of system

Disadvantages of closed-loop drainback system:

 Piping and collectors net pitched properly can cause much damage if freeze-up occurs

» Higher pumping power required due to head difference



102 Industry Training Authority BC
* Proper drainback tank liquid level must be maintained
* Drainback tank must be located as high as possible in a heated space
» Extra expense of drainback tank and possibly extra pump

As you can see, there are many considerations that will factor into the choice of a freeze protection
option.

Active Solar Domestic Water Heating

Some of the most economically viable active solar thermal systems are those used for the heating of
domestic hot water. These can be as small as a system found in a rural cabin or can be large enough to
supply hot water demands for a hotel, laundromat or commercial office building. Let’s look at some of
the options available.

A single-tank system is shown in Figure 16 below. This system uses a storage tank with an internal
electric heating element and heat exchanger.
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Figure 5 Single-tank active solar domestic hot water system

In this system, an internal coil provides solar heat (or pre-heat) for the domestic water surrounding the
coil. A thermostatically-controlled electric immersion element near the top of the tank cycles on and off
to keep the water temperature in the top of the tank at its desired setpoint, usually 140°F (60°C). A
tempering (“anti-scald”) valve at the tank outlet adds cold water to excessively-hot water leaving the
tank so that scalding water is not delivered to any faucets. This is a critical component of the system. In
times of high sunlight and low usage, collector water can get extremely hot, and water temperature
being supplied to any hot water faucet should not exceed 120°F (49°C).

As hot water is drawn off the top of the tank, incoming cold water replaces it and is directed to the
bottom of the tank through an internal dip tube. Temperature stratification (layering) of water in the
tank ensures that the hottest water for the faucets is drawn from the top of the tank while the coolest
water at the bottom is pulled out to the collectors by the circulator. Remember that cooler water fed into
the collectors ensures the best collector efficiency.

To avoid damage from possible stagnation, the isolation valve at the high point vent should be closed
once the system is filled. It can be opened again if the system is ever drained and refilled.

Alternatively, as described earlier, an external heat exchanger can be used with a single-tank system. In
Figure 6 below, note that there are two circulators needed, along with an expansion tank on the
collector side of the heat exchanger. The collector loop is a closed-loop glycol-based circuit and would
therefore operate in the same manner as a hydronic heating system, requiring makeup water
components, an expansion tank and circulator as well as control components.
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Figure 6 Single-tank system using external heat exchanger

When the differential temperature controller senses enough heat differential between the collector and
DHW tank, both circulators start, and heated glycol-based water is circulated through one side of the
heat exchanger. Potable water is simultaneously circulated through the other side of the heat exchanger
in a counterflow pattern. As in the previous example, the tank’s electric immersion element will operate
automatically and independently of the solar system to try to maintain 140°F (60°C) water at the top of
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the tank. An anti-scald valve near the tank’s hot water outlet will ensure that excessively hot water
leaving the tank is cooled to satisfy code requirements.

Existing single domestic hot water tanks can be retrofitted to accommodate solar energy collection, and
their small footprint makes them advantageous over a multi-tank set-up. However, they don’t typically

collect as much solar energy on an annual basis as systems that separate the solar storage tank from the
auxiliary heat source (electric immersion-type or gas-fired).

Two-Tank Systems

Increased storage mass and the separation of the conventional energy source contribute are the main
reasons for two-tank systems providing greater solar energy collection on an annual basis as compared
to single-tank systems. These are typical installations for existing residential DHW systems, providing
there is enough space for the extra tank. As seen in Figure 18 below, in a two-tank system, cold water
enters the bottom of the solar storage tank through a dip tube, and leaves the tank through the outlet at
the top, where it feeds into the cold water inlet of the existing conventional tank. If there is enough
solar energy to collect, the solar system may provide all the heat necessary for DHW supply. If the
solar capacity is reduced at all, the conventional system adds heat as needed. Remember that even a
slight pre-heating of the water going into the conventional tank can result in a substantial energy cost
saving. For example, water heated from 50°F (10°C) to 90°F (32°C) represents about 40/90 or 44% of
the energy input needed to raise that water to a final temperature of 140°F (60°C). This can result in a
substantial reduction of energy costs on an annual basis.
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Figure 7 Two-tank system

Tees and valves are installed so that either tank can operate if the other one needs to be shut down for
maintenance, repair or replacement. The solar side of the single and two-tank systems operates
typically, with the differential temperature controller operating the circulator whenever there is heat to
be gained. Although not shown in Figure 7, a check valve should be installed to prevent off-cycle

losses through thermosiphoning.



108 Industry Training Authority BC

Bypass Systems

Figure 8 shows a system that can be used in conjunction with a modulating tankless water heater. This
system has the two heaters piped in parallel, with a diverting valve controlling the path of the heated

water out to the domestic potable system.
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Figure 8 Bypass system

The solar side of the system is as in the single tank system, with a glycol-water mixture being
circulated through an internal coil in the tank. On the domestic potable side, the temperature of the
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water leaving the storage tank is constantly monitored. If the water is hot enough to go directly to the
faucets, the motorized diverter valve routes it to the anti-scald (tempering) valve and out to the faucets.
If the water leaving the tank needs additional heating, the diverter valve routes it to the tankless heater.
From there it again passes through the tempering valve on its way to faucets. Just as in the two-tank
system, tees and isolating valves are installed to allow, in this case, the tankless heater to operate as the
sole supplier of heated water in the event that the solar tank is out of service for any reason.

One of the benefits of this system is that the tankless heater doesn’t add any heat to the solar storage
tank and thereby allows the solar collectors to operate at as low an inlet temperature as possible. This
ensures maximum efficiency of the collector array. Another benefit is that the system doesn’t have the
additional surfaced area of a second tank, so standby heat losses are minimized. Thirdly, the wall-
mounted tankless heater takes up less of a “footprint” in the mechanical room relative to that of a two-
tank system.

Solar Circulation “Stations”

Just like hydronic heating equipment manufacturers, many producers of solar heating equipment
recognize the advantages of assembling the necessary solar components into a pre-packaged unit called
a “station”. Figure 9 below illustrates that concept.
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Figure 9 Solar circulation station

In the figure above, the diagram on the left shows the equipment that would be installed separately in
the solar collector side of a system. It shows a circulator, expansion tank, purge/fill valves, check valve,
thermometers, air separator and flow meter. On the right, all those components are contained within a
pre-packed box, so that an installer only needs to connect piping to it. This greatly speeds up the
installation process while ensuring that the components are correctly sized and located. A spinoff bonus
here is that the installation has a more professional appearance.

Now complete Self-Test 2 and check your answers.



Block G: Green Thermal Systems 111

Self-Test 2

Self-Test 2

1. Which one of the following components prevents thermosiphoning of the heated water in the
thermal storage tank?
a. Differential temperature controller
b. Collector circulator
c. Load circulator

d. Check valve

2. Which one of the following components ensures that water won’t be circulated through the
collectors unless there is enough heat there?
a. Check valve
b. Load circulator
c. Collector circulator

d. Differential temperature controller

3. What important component is needed on an antifreeze system so that collector fluid and heat load
fluid are kept separate from each other?
a. Heat exchanger
b. Expansion tank
c. Water makeup

d. Air separator

4. Which one of the following conditions would require the use of two circulators to introduce
heated water to the thermal storage tank?
a. A closed loop antifreeze system using a coil in the tank
b. An antifreeze loop with an external heat exchanger

An antifreeze loop with no heat exchanger

@

d. A closed loop drainback system

5. Which one of the following choices uses a tank and properly-graded piping for freeze protection?

Antifreeze system

a
b. Drainback system

@

Passive system

e

Active system
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6. Which one of the following choices must not have a check valve in the collector supply piping
nor an air vent at the top of the collector array?
a. Single tank with external heat exchanger
b. Closed loop antifreeze system
c. Closed loop drainback system

d. Single tank active system

7. What critical component or device is necessary at the outlet of a solar domestic hot water tank to
protect users of system water?
a. A check valve
b. A load circulator
c. A tempering valve

d. An expansion tank

8. What principle ensures that the coolest water in the tank is fed to the collectors, thereby ensuring
higher collector efficiency?
a. Stratification
b. Conduction
c. Stagnation

d. Radiation

9. Complete the following statement: “The flow pattern through brazed plate heat exchangers ”.

a. should be piped in a counterflow pattern between the two mediums
b. should be in a similar pattern between the two mediums
c. should mix the liquids of the two mediums

d. is never a consideration at all

10. Which one of the following would not be true of using a tankless water heater, rather than a
second tank, for domestic water heating?
a. A smaller footprint is needed for equipment in the mechanical room
b. The tankless heater doesn’t add any heat to the solar storage tank
c. Without a second tank, standby losses are minimized

d. An antiscald valve is not necessary

Check your answers using the Self-Test Answer Keys in Appendix 1.

Media Attributions

+ Figure 1 A basic closed active solar thermal system © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

* Figure 2 Closed-loop antifreeze system using storage tank as heat exchanger © Caleffi
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Hydronic Solutions (https://www.caleffi.com/usa/en-us). Used with permission.

Figure 3 Externally-mounted heat exchanger using antifreeze © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 4 Closed-loop drainback system © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 5 Single-tank active solar domestic hot water system © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 6 Single-tank system using external heat exchanger © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 7 Two-tank system © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us).
Used with permission.

Figure 8 Bypass system © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us).
Used with permission.

Figure 9 Solar circulation station © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/
en-us). Used with permission.
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Learning Task 3

Active Solar Space Heating Systems

It is both unrealistic and uneconomical to attempt to supply 100% of a space heating load through an
active solar system. This is due to the fact that, when space heating needs are highest, solar availability
is lowest. This means that active solar systems are almost always supplemented by an auxiliary heat
source, such as forced air or electric baseboard convection. Whatever the auxiliary heat source,
carefully planned and constructed systems can effect fully automatic changeover between systems
without the occupants noticing that it is happening.

Three principles that need to be observed when using solar for space heating are:

» Space heating distribution systems that operate using low-temperature water will result in
greater collector efficiency

« Conventional energy sources (eg. Oil, gas, electric, etc.) should only be operated when
“instantaneous” heat is need — they should be left “off” and not producing heat at all until
immediately needed

* As typical with the systems covered, all solar equipment must be protected from freezing
during periods of inactivity

Active Solar Supplying Hydronic Space Heating Systems

Hydronic-based solar subsystems can supply heat to either forced air or hydronic space heating
systems. Ideally, radiant floor systems are the most logical recipients of solar energy. They typically
operate using water temperatures of 100 — 130°F (38 — 54°C). If tube spacing, under-slab insulation and
floor covering considerations are carefully planned, those water temperatures can be further lowered,
thereby increasing the effectiveness of a solar energy supply. Figure 1 below illustrates an antifreeze-
based solar subsystems supplying a radiant panel distribution system that is supplied by a gas-fired
boiler.
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Figure 1 Solar supplementing a radiant floor system

The 100% water in the thermal storage tank and boiler is separated from the antifreeze-protected solar
loop by a stainless — steel plate exchanger. All the components of the solar loop are typical of those
we’ve previously studied. An optional fluid feeder is shown that constantly monitors the pressure in the
solar loop and automatically adds antifreeze mixture whenever the pressure in the solar loop drops
below a setpoint for any reason. These are usually only used in large commercial systems.

An outdoor reset controller is used to monitor the temperature at the top of the storage tank and
constantly calculate the water temperature required at the distribution piping for the radiant floor
panels. On a call for heat, the controller determines if the storage tank temperature is at or above the
temperature needed for the distribution system and if it is, the tank circulator turns on while the boiler
and boiler circulator remain off. Water passes through the air separator which is mounted on the
primary loop and on to the closely-spaced tees. These tees are the interconnection between the primary
loop and the 3-way motorized mixing valve in the distribution system. Their spacing ensures that the
operation of the primary (supply loop) and secondary (distribution) pumps won’t affect each other’s
operation. The motorized 3-way valve automatically adjusts its position to provide water of the proper
temperature to the distribution piping by mixing cool return water with supply water that may be hotter
than needed. The 3-way valve is also operated by an outdoor reset controller.

On a call for heat, if the tank’s temperature is too low, the boiler and boiler circulator are powered on
while the tank circulator remains off. The 3-way motorized mixing valve maintains the required
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temperature to the distribution system. Properly-placed tees and isolation valves allow the solar system
to be shut down while still maintaining the operation of the boiler.

Note that water heated by the boiler does not circulate through the storage tank. This allows residual
heat in the tank to slowly transfer from the tank into the surrounding space. The cooler the storage tank,
the sooner the solar collection process can begin when sunshine returns. When the storage tank warms
back above the minimum usable temperature of the distribution system, the storage tank again becomes
the heat source for the system.

Figure 2 below shows a similar system using a drainback feature and a modulationg condensing boiler.
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Figure 2 Drainback system with radiant floor heat and modulating condensing boiler

The solar subsystem uses a drainback feature instead of antifreeze for freeze protection. The drainback
tank is located as high as possible within a heated space to minimize both the head required by the
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collector circulator as well as to minimize drainback volume. The liquid level in the drainback tank is
what determines the pressure on the whole system, so it should be at least 5 feet higher than any of the
other components within the system (see the notes in red on the diagram). An air riser tube directs any
air that accumulates at the top of the thermal storage tank to the drainback tank, rather than eliminate it
from the system piping. This is a closed-loop system; eliminating air from it will drop the system’s
pressure and possibly cause circulation and corrosion problems. Float-type air vents should be placed at
all high points in the system.

It should be noted that drainback systems should not have automatic makeup water connections. The
operation of automatic air vents, in conjunction with automatic makeup water, would result in vented
air being replaced with water, and eventually the system would become “waterlogged”. Although this
practice would be desirable in conventional hydronic systems, it would undoubtedly lead to system
freeze-up and costly damage. It is imperative that the correct air volume in the drainback tank be
maintained. The drainback tank’s air volume must be periodically checked. Small volumes of water
may have to be added manually to replace volume that is lost through the operation of the high point air
vents.

Active Solar Supplying Forced Air Space Heating

Even though the majority of homes in Canada are heating using forced-air systems, an active solar
system can be incorporated to assist the energy load. Figure 3 below shows an active solar system in
conjunction with a forced-air furnace.
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Figure 3 Active solar and forced-air furnace

The solar section operates with an antifreeze mixture on one side of a stainless-steel plate heat
exchanger. When the differential controller senses more heat at the collectors than at the tank, the
collector circulator is turned on to move water through the supply side of the heat exchanger. This is a
closed loop so requires an expansion tank.

On the load side of the heat exchanger, 100% water is moved from the heat exchanger to the thermal
storage tank. On a call for heat, a setpoint temperature control senses if there is enough heat at the tank,
and if so, turns on the circulator which feeds the coil above the furnace while simultaneously powering
the furnace fan motor. A 3-way valve keeps excessively hot water from reaching the coil by mixing hot
supply water with return water from the coil. When the water temperature in the storage tank gets too
low, the setpoint controller turns off the circulator and allows the furnace burner to fire.

This relatively simple system is easily adapted to an existing forced-air system. A key consideration is
that the duct coil should be adequately sized to allow as low a water temperature as possible through
the coil.
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Combined Solar Space and Domestic Water Heating

These systems are often known as “solar combi-systems”. If a solar system was being planned as the
main source of space heating, it just makes sense to add in the capability for domestic water heating as
well, given that solar thermal systems are best suited for that purpose. If a boiler is the backup source
for the space heating, it can also be easily worked into the plans as the backup for the domestic heat as
well. While not endless, the options for uses and configurations of system hardware components are
varied. On the solar side, drainback versus antifreeze, internal versus external heat exchanger are
choices to be considered. On the load side, some of the choices are single tank versus two-tank,
hydronic radiant versus forced air, on-demand versus conventional boiler, and 3-way versus 4-way
mixing valves. We will look at 2 options for combi-systems and discuss their design considerations.
One example of a state-of-the-art combi-system is shown below in Figure 4. We’ll label it “Combi-
system 1”.
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Figure 4 Combi-system 1

The solar side is an antifreeze-protected closed loop with the usual components:

« adifferential temperature controller sensing tank vs collector temperature

» a collector circulator
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* an expansion tank
* a check valve
 purge/fill valves
* an air separator
+ a high point air vent with shutoff valve
* asolar collector array

* a coil-type heat exchanger mounted within a storage tank

When the differential temperature control senses more heat at the collectors than in the tank, the
circulator is powered and antifreeze fluid is moved from the collector array to the tank until the
temperature differential between the two points is very near to being equal, at which time it shuts off.

On the load side, the components of this system are:

* asingle two-coil tank (heat exchanger) with the upper coil connected to the space heating
fluid, the lower coil receiving heat from the solar array, and domestic water surrounding both
coils

 an expansion tank and makeup water components

* a hydraulic separator (“Hydrolink” by Caleffi)

* an anti-scald (tempering) valve on the domestic hot water supply from the tank
* a primary loop, with circulator, connecting the tank coil and “Hydrolink”

 an on-demand, high-efficiency, condensing boiler on a secondary loop

 secondary loops consisting of low-temperature radiant manifolds with 3-way mixing valves,
zone valves, balancing valves and dedicated circulators

* an outdoor reset control connected to the top of the tank and the boiler

On the load side, the outdoor reset control constantly monitors the temperature at the top of the tank. If
it falls below a minimum setpoint, the controller starts the primary pump along with the boiler and the
boiler loop’s circulator. If sufficient heat exists at the top of the tank, the boiler loop remains off.

On a call for heat from one of the space heating zones, the circulators for that zone and the primary
loop start. Heat is drawn from the tank’s upper coil to supply the primary loop and hydraulic separator.
The connections to the space heating circuits are taken from the hydraulic separator to ensure that the
operation of one secondary loop doesn’t affect the operation of other circulators on the system. The
zone’s 3-way motorized valve is operated by an outdoor reset control that is actually reading the
outdoor temperature and automatically raising or lowering the loop temperature in response to the
outdoor temperature rising or falling. This ensures that the coolest water possible that will provide heat
is applied to the radiant zones, thereby maximizing efficiencies.

If the tank’s temperature falls while space heat is being supplied, the boiler loop is energized and adds
necessary heat to the primary loop.
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The anti-scald valve on the domestic hot water supply, taken from the space around the tank coils,
operates to ensure no scalding water reaches the faucets.

When domestic water and space heating water are supplied from the same heat source, a standard
practice is to employ “priority” controls. The strategy of priority control is to stop the space heating
system whenever there is need for adding heat to the domestic hot water storage vessel. The rationale
here is that most buildings are insulated well enough that they can withstand short periods where the
heating system is concentrating on domestic water while ignoring space heat deficiencies. There are
timers involved in these controls so that the “off” period for space heat isn’t too prolonged — at a certain
point, the controls will switch over to satisfy space heat needs while ignoring the domestic water

demand. Once the space heat demand has been satisfied, the heating of domestic water can once again
take priority.

Figure 5 below is a second example of a combi-system.
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Figure 5 Combi-system 2

On the solar side, it consists of an antifreeze-protected loop having:

a solar collector array

* astainless-steel plate heat exchanger
+ adifferential temperature controller
* a collector circulator

* an air separator
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 purge/fill valves
* an expansion tank

» a check valve

The differential temperature controller constantly monitors the tank and collector temperatures and
starts the collector circulator when there is more heat at the collectors than at the tank, circulating an
antifreeze solution through the heat exchanger .

The load side of the system consists of:

* the load side of the heat exchanger

* a solar thermal tank

* atank circulator with built-in check valve

 an on-demand boiler with circulator

+ radiant manifolds with 3-way motorized mixing valves and outdoor reset control

* an indirect domestic storage-type water heater

* a hydraulic separator

* an expansion tank with makeup water components
An outdoor reset controller constantly monitors the temperature at the top of the thermal storage tank.
If auxiliary heat is needed, the controller energizes the boiler, its circulator and the tank circulator
which work to maintain temperature in the hydraulic separator. On a call for heat by a radiant manifold,
its circulator is powered to pull heated water from the hydraulic separator. The motorized 3-way mixing
valve tempers the hot water with cool manifold return water in reaction to the outdoor reset control’s

signal. This automatically adjusts the temperature of the water delivered to the radiant system to
correlate to the temperature outdoors.

On a call for heat from the domestic water tank, the circulator for the tank’s coil turns on and pulls
water from the hydraulic separator. The domestic hot water leaving the tank passes through the anti-
scald valve, which adds cold water to the flow if necessary in order to keep the hot water delivered to
the faucets within the allowable temperature limit according to governing codes.

These are only two of many possible variations within the realm of combination space and domestic
water heating.

Now complete Self-Test 3 and check your answers.
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Self-Test 3

Self-Test 3

1. Which one of the following is not a principle to be considered when using solar for space
heating?

a. Space heating systems that operate using low-temperature water will yield the highest
collector efficiency

b. All solar equipment must be protected from freezing during periods of solar inactivity

c. Conventional energy source should remain “off” until immediately needed

d. The need for cross connection control is never a consideration

2. Which space heating system is ideally suited to an active solar system?

a. Hydronic baseboard wallfin
b. Hydronic radiant floor
c. Electric radiant floor

d. Forced warm air

3. Which one of the following is not used to ensure hydraulic separation between primary and
secondary circulators in a hydronic system’s primary loop?
a. A “Hydrolink”
b. Closely-spaced tees
c. A 3-way mixing valve

d. A hydraulic separator

4. What determines the system pressure in a closed loop drainback system?

a. The liquid level in the drainback tank
b. The liquid level in the heat exchanger
c. The liquid level in the collector array

d. The liquid level in the boiler

5. Which one of the following should a drainback system not contain?

a. A circulator
b. An air riser tube
c. A pressure relief valve

d. An air vent and automatic makeup water
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6. On a solar system suppling heat for a forced-air system, what component prevents excessively
hoy water from reaching the coil in the furnace’s supply plenum?
a. A T&P relief valve
b. A 3-way mixing valve
c. A pressure relief valve

d. A circulator isolation valve

7. In Figure 24, what provides the hydraulic separation between the primary and secondary loops?

a. The “HydroLink”
b. A heat exchanger
c. The tank circulator

d. The water makeup valve

8. What is the control strategy called that shuts off space heat when domestic water needs to be
heated in a combi-system?
a. Priority
b. Stagnation
c. Preference

d. Primary-secondary

9. What is the control that is normally used to automatically adjust the water temperature to a
radiant floor system, depending on the temperature outdoors, but can also be used to monitor the
water temperature at the top of the thermal storage tank?

a. Automatic temperature adjustment
b. Thermal storage tank reset
c. Outdoor reset

d. Indoor reset

10. On which side of a hydronic system the radiant floor panels be found?
a. The load side

b. The source side

c. The thermal side

d. The exchange side

Check your answers using the Self-Test Answer Keys in Appendix 1.

Media Attributions

 Figure 1 Solar supplementing a radiant floor system © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 2 Drainback system with radiant floor heat and modulating condensing
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boiler © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us). Used with
permission.

 Figure 3 Active solar and forced-air furnace © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 4 Combi-system 1 © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us).
Used with permission.

+ Figure 5 Combi-system 2 © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us).
Used with permission.
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Learning Task 4

Solar Installation Considerations

Probably the single most important consideration in a solar system is the placing of the collector(s),
with any possibility of shading being the determining factor. Collector arrays located so that they have
direct sun playing on them all day long, if it is present, is certainly the situation to strive for. Properly
assessing every potential site for possible shading from trees, hills and other objects is extremely
critical and can be challenging, given the conditions and time of year that the assessment is being done.
Special tools are available that can assist in predicting the possible occurrence of shading at any
specific location. One such tool, called a “solar pathfinder”, is shown in Figure 1 below.

Figure 1 Solar pathfinder

This device is placed at the location being considered. After being properly leveled and oriented
according to the local latitude and longitude coordinates, it will use the reflections of nearby
obstructions through its clear dome and project them onto a special chart that predicts the shading
effects through the entire year. Because direct solar intensity varies throughout the day, some minimal
shading in early morning and late afternoon isn’t as critical as it is between the hours of 9am and 3pm,
when no shading should be encountered.

While collectors are manufactured to withstand severe weather conditions, if collector arrays are to last
as long as the collectors themselves, the installation base they are mounted on must be sound.
Collectors can be mounted on roofs (most common) or at ground level, as seen in Figure 2 below.



128 Industry Training Authority BC

Roof-mounted flat
plate collectors

Collector array mounted
on frames at ground level

Figure 2 Collector mounting locations

Collectors mounted on a frame that is affixed to a roof may have little ability to be positioned at the
optimum angles for direct solar energy collection, such as seen in the upper picture in Figure 2. A
ground-level array, as seen in the lower picture in Figure 27, can be better positioned for energy
collection purposes but will take up more space than the roof-mounted array. If collector positioning is
critical and ground area is limited, special engineer-designed pedestals can be an option. Figure 3
below shows a solar PV (photovoltaic) pedestal-mounted array that is positioned for optimal solar
energy collection.
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Figure 3 Pedestal-mounted PV array

This option raises the array off the ground, allowing for optimum positioning for maximum solar gain
while not taking away as much ground area. However, support and protection for the supply and return
piping will be more difficult.

While solar collectors should be installed level, all solar piping should be pitched to allow adequate
drainage when required, as well as to allow air to be vented through the high point on the top header (if
the system isn’t of the drainback variety). Good piping insulation is also critical. A good foam rubber
type insulation, without a split feature, is the best choice, although its installation must be done at the
time the piping is being joined together. This can make the installation more difficult but certainly not
impossible. Fewer gaps in the insulation allows less air movement around the pipes and provides a
better insulation level. Weather and birds, such as crows, can wreak havoc on foam insulation and it
may require a plastic or aluminum cover to protect it. Ideally all joints in the insulation should be
sealed.
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Collector Mounting Angles

In the northern hemisphere, the optimum azimuth angle (check back to Figure 2) is 180°, which means
the solar array faces directly polar south. Studies have shown that the azimuth angle can vary by as
much as 30° east or west of polar south without having much effect on the annual solar energy gain.
What does have a large effect is the solar collector angle or horizontal “tilt” of the array (again, check
back to Figure 2). Studies suggest that collectors used for solar domestic water heating operate best at
an angle equal to the local latitude. For space heating purposes, they suggest a solar angle of the local
latitude plus 10 to 20° to allow better energy collection during late fall, winter and early spring. In
order to satisfy both requirements, it is generally acceptable to install collectors at a solar angle of local
latitude plus 15°. For example, an array in Kelowna, with a latitude of 49.8880°N should be tilted at
approximately 65° from horizontal and an azimuth angle of polar south. If possible, construction design
may be altered to accommodate roof-mounted collectors by increasing roof angles in that area. Figure 4
below shows an array that supplies both space and domestic heating. The roof angle was increased to
60° in a geographic location at 44°N.

HHRA A oSl |TRaLe Iy 18

Figure 4 Roof slope increased to accommodate optimum solar angle
for collector array

Equipment Installation Considerations

Solar equipment in the mechanical room should be carefully arranged so as to provide adequate access
for servicing and minimize loss of available space. A neatly arranged, well thought-out placement of
equipment and piping will project an air of professionalism and contributes to good aesthetics. Tank
size and placement is critical. Space limitations may require the use of multiple smaller tanks rather
than one large one. As well, they may have to be small enough to fit through a doorway if replacement
is needed. Floors must be constructed strong enough to bear the weight of the full tanks, and ceilings
may have to be utilized for the support of horizontal piping and pumps. Labeling of components is
important if a service technician has to decipher the layout, and a simply-worded “sequence of
operation”, which spells out exactly how the system works, should be left in a conspicuous place in the
mechanical room. This alone is a huge boon to any service tech.
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As far as piping materials are concerned, copper is the piping of choice for these systems, and today’s
pressing technology is preferred due to the lack of flux and other contaminants such as solder
potentially plugging the system. Flushing flux from piping and components with cold water rarely
achieves good results, although the flux will thin and coat the inside of the system once the system
heats up, but it will still remain there, so pressed fittings alleviate that situation.

As with any other fluid mechanical system, solar systems must be tested according to the codes and
regulations being adhered to, as well as to manufacturers’ specifications. This should be done with the
collector array covered, or at night, to avoid unwanted heat during the process. After testing, the system
should be flushed according to good piping practices before it is put into operation, done as well at
night or without the collectors absorbing heat. Some literature suggests a flushing solution of 1% to 2%
trisodium phosphate (TSP) to aid in the removal of dirt and debris.

Testing, commissioning and final report checklists are available to assist the technician in ensuring that
no important points of these procedures are overlooked.

Active Solar System Performance Estimates

There are so many variations of collector types, geographic locations, equipment types, etc. that an
estimation of the performance of a solar thermal system will be very difficult for any contractor or
installer. Fortunately, software programs exist that can be helpful when proposing an installation to a
potential customer. Three of the most common software tools that simulate the performance of a solar
system are:

» F-chart. This was developed by the University of Wisconsin and has been used for technical
and economic analysis of active solar space and domestic water heating for over thirty years.

» Tsol. This simulation software was developed and intended for use in Europe.

* RET Screen. Developed by Natural Resources Canada (NRC), RET Screen is a powerful
simulation software tool that can be used to study the technical and economic feasibility of
active solar energy systems, as well as several other types of renewable energy technologies.
This software is available as a free download from RETScreen (https://www.nrcan.gc.ca/
maps-tools-and-publications/tools/modelling-tools/retscreen/7465).

A common method of expressing the thermal performance of an active solar system is by stating the
percentage of the load met by the solar energy on a month-by-month basis, known as solar fraction.
The monthly totals can also be combined to yield an annual solar fraction. Solar fractions are usually
expressed as a percentage. Larger collector arrays and larger storage tanks will yield larger solar
heating fractions in all locations. While installing large arrays and large tanks may seem like the best
idea, there will be a point where the economic viability of oversizing equipment will not be present,
and the installation of smaller components may yield a better return on investment over the life of the
system. Again, the only way to obtain a fair economic analysis is through the use of computer
simulation software.
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Typical Solar Thermal Equipment

Listed are the components that accompany collectors and are commonly found in active solar thermal
systems. Their use is much the same as if they were installed in a hydronic heating system, and as such,
you may already be familiar with them.

Heat Exchangers

These are identical to those used in a hydronic system. There are two types commonly used in solar
systems — brazed plate and indirect-storage.

Brazed Plate Heat Exchangers

These have an enormous heat exchange capacity relative to their size due to their small-diameter fluid
passages in relation to a large heat-transfer surface area. Fluid paths through them are always piped in a
counterflow configuration for greatest heat transfer. These have a high temperature differential at low
flow rates through them.

Figure 5 Stainless-steel brazed plate heat exchanger

Indirect Storage-Type Heat Exchangers

These are simply a storage tank with one or two internally-mounted coils. Typically, non-potable
heating fluid is circulated through the coil(s) and potable water surrounds the coil(s). These typically
have lower temperature differentials and higher flow rates than the brazed plate heat exchangers, and
are usually meant to heat and store domestic potable water but can be used for any purpose. A cutaway
of a single-coil indirect heat exchanger is shown in Figure 6 below.
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Figure 6 Cutaway of single-coil indirect storage-type
heat exchanger

Differential Temperature Controller

This electronic control constantly compares the temperatures at its sensor locations and will send power
to a circulator to add heat to the desired location.
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Figure 7 Differential temperature controller

Expansion Tank

These are constructed and operate identically to those used in a hydronic heating system. They allow
the fluid in the system to expand and contract in reaction to the heating and cooling of the system fluid,

without appreciably causing a change in system pressure.
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Figure 8 Expansion tank

Water Makeup Station

Normally found on the load side piping of a closed loop, the makeup water station contains a backflow
preventer and a pressure reducing valve. Other components that can be found in a water makeup line
are a pressure gauge, bypass piping and a manual shutoff valve.

Figure 9 Water makeup station

Pressure Relief Valve

Used to limit pressure in the primary circuits of closed-loop solar thermal systems, these valves open to
release fluid to atmosphere when the calibrated pressure in the piping is reached, preventing system
pressure from damaging system components.
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Figure 10 Pressure relief valve

Float-Type Air Vent and Shutoff

These are used at the high point of the solar array in a closed loop.

Figure 11 Float-type air vent and shutoff



Solar Pump Station
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A solar pump station is a compact insulated box containing various common components found in a
solar thermal system. The station simplifies and speeds up the installation process.

0o~ o, B W N =

Wilo-Solar circulation pump
Safety relief valve 253 series
Filling/drain valve

Pressure gauge

Flow meter

Air trap and vent

Flow temperature gauge
Return temperature gauge
Pre-formed insulation shell
Shut-off and check valve
Expansion Tank connection kit

3/4" plug (used if no expansion
tank is installed)

Figure 12 Solar pump station

Thermostatic Mixing (Anti-Scald) Valve

These valves are installed on the domestic hot water line leaving the tank. They will mix cold water
with potentially scalding water so that the water temperature to the faucets stays within allowable pre-

set limits (usually 120°F or 49°C).
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Figure 13 Anti-scald (thermostatic mixing) valve

Air Separator

The inside of an air separator, also called a “microbubble resorber”, is composed of a set of metal
screen surfaces arranged like spokes (A). This screen creates a swirling motion to assist the release of
microbubbles from the solution and their adhesion to the metal screen. The bubbles join together and
increase in size until the hydrostatic force exerted on the air bubble increases to overcome the force of
its adhesion to the screen. Next, they rise to the top of the chamber where they are released by the built-
in float-operated automatic air vent valve (B).
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Figure 14 Air separator

Flow Balancing Valves

These are identical to those used in a hydronic heating system, commonly known as “circuit setters”.
They are a low head loss type of globe valve that has two ports for the attachment of a differential
pressure gauge — one each on the upstream and downstream sides of the valve seat. The pressure
differential read across the two ports, known as Pete’s plugs”, is referenced on a chart for that
particular valve, to indicate the flow rate. The valve’s handle can be operated to allow an increase or
decrease in flow rate as needed, and most have a locking feature so that inadvertent adjustment is
avoided once it is set in the desired position. If possible, locate these valves on the discharge side of a
pump, in order to avoid cavitation issues caused by mounting too close to a pump’s inlet.



140 Industry Training Authority BC

Figure 15 Balancing valve (“circuit setter”) with
“Pete’s plugs”

Cross Connection Considerations

Any time that potable water is connected to a liquid non-potable system, even with a pipe or tank wall
between the two, there is a hazard of the mixing of potable and non-potable fluids through a break in
the wall. Most plumbing jurisdictions in Canada are acutely aware of cross connection control
regulations and standards, and have strict requirements that must be met. In areas within British
Columbia that have cross connection control programs in place, the procedures for installing and
testing backflow preventers as laid out by BCWWA (BC Water and Waste Association) apply.
Otherwise, the enforceable regulations found in the BC Plumbing Code and/or National Plumbing
Code of Canada or local bylaws must be followed. Always check with the governing Authority Having
Jurisdiction for any cross connection control requirements before planning a solar thermal installation.
When in doubt, the installation of an RPBA (reduced pressure backflow assembly) to protect the
potable water system is never a bad choice (see Figure 16 below).

Figure 16 Reduced pressure backflow assembly (RPBA)

Now complete Self-Test 4 and check your answers.
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Self-Test 4

Self-Test 4

1. What is the single most important consideration in a solar thermal system?

a. The placement of the heat exchangers
b. The placement of the solar collectors
c. The placement of the piping runs

d. The placement of the circulators

2. Between what hours of the day is potential shading of the collectors most critical?

a. 5am to 1lam
b. 12pm to Spm
c. 9am to 3pm

d. 1pm to 6pm

3. What would be the issue of most concern when using an engineer-designed pedestal base to
support a solar thermal array?
a. Support/protection of piping
b. Correct azimuth position
c. Weight of the array
d. Area of the array

4. What protection should also be installed along with insulation for supply and return piping?
a. Thermometers and pressure gauges
b. Directional indicators for flow

c. Aluminum or plastic covers

d. A drip pan

5. What is the optimum azimuth angle for collectors installed in the northern hemisphere?
a. 45°
b. 90°

c. 145°
d. 180°

6. What is the optimal collector angle or “tilt” when used for domestic water heating?

a. The same as the local latitude
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b.
C.

d.

a
b.
C.
d.

a.
b.
C.
d.

d.

b.
C.

d.

a.
b.
C.

d.

d.

10° to 20° less than the local latitude
10° to 20° more than the local latitude

45° to 180° more than the local latitude

7. What is the preferred type of pipe or tube and joining method used in solar thermal systems?

Steel pipe with welded connections
Copper tube with pressed connections
Copper tube with soldered connections

Aluminum tube with pressed connections

8. Which one of the following is a Canadian-based software program, developed to simulate and
estimate the performance of a solar thermal system?

“F-chart”
“Tsol”
“Aquasol”
“RETScreen”

9. What is the term “solar fraction” used to describe?

The percentage of the month-by-month total energy load that is met by an active solar
system

The amount of ongoing cost of operation that the initial installation cost represents
The percentage of time that the solar system is shut down for routine maintenance

The percentage of time that the solar system is energized and operating

10. Which one of the following would best a storage tank with one or two internal coils?

A brazed plate heat exchanger
A shell-and-tube heat exchanger
An indirect storage-type heat exchanger

A high AT, low flow rate heat exchanger

11. Which one of the following devices should always be installed on the hot water outlet of any
thermal storage tank that feeds the potable water system?
a. A water makeup station
b.
C.
d.

A pressure relief valve
A solar pump station

An anti-scald valve

12. Which one of the following devices contains “Pete’s plugs” that allow a pressure differential to be
read across it?

A differential temperature controller




Block G: Green Thermal Systems 143

b. A microbubble resorber
c. A pressure relief valve

d. A circuit setter

13. Whenever a cross connection may exist between a potable water system and the solar thermal
system, which one of the following would be considered the best choice for protection of the
potable system?

a. An RPBA
b. A DCVA
c. An AVB
d. APVB

14. Which one of the following devices, used in solar thermal systems, would normally not also be
found within a typical hydronic heating system?

a. An air separator
b. A drainback tank
c. An expansion tank

d. A pressure relief valve

Check your answers using the Self-Test Answer Keys in Appendix 1.

Media Attributions

 Figure 1 Solar pathfinder © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us).
Used with permission.

* Figure 2 Collector mounting locations © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 3 Pedestal-mounted PV array © Caleffi Hydronic Solutions (https://www.caleffi.com/
usa/en-us). Used with permission.

* Figure 4 Roof slope increased to accommodate optimum solar angle for collector
array © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us). Used with
permission.

 Figure 5 Stainless-steel brazed plate heat exchanger © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

* Figure 6 Differential temperature controller © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

 Figure 7 Differential temperature controller

 Figure 8 Expansion tank © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us).
Used with permission.

 Figure 9 Water makeup station © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/
en-us). Used with permission.
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Figure 10 Pressure relief valve © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/
en-us). Used with permission.

Figure 11 Float-type air vent and shutoff © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 12 Solar pump station © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-
us). Used with permission.

Figure 13 Anti-scald (thermostatic mixing) valve © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 14 Air separator © Caleffi Hydronic Solutions (https://www.caleffi.com/usa/en-us).
Used with permission.

Figure 15 Balancing valve (“circuit setter”) with “Pete’s plugs” © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.

Figure 16 Reduced pressure backflow assembly (RPBA) © Caleffi Hydronic Solutions
(https://www.caleffi.com/usa/en-us). Used with permission.
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Appendix 1: Self-Test Answer Keys

Competency G1

Self-Test 1

. the refrigeration cycle
. an evaporator

. superheat

o o o N

. the evaporator

. the condenser

o

. the evaporator

(@]

. the reversing valve

. air-to-air

© N kA W
jab}

[T

. a lineset

—_
e

. an auxiliary electric heater installed in the supply air plenum

. a high-quality air filter

==
N =
Qo

. a heat exchanger

—_
W
@]

. water-to-air

—_
e

a. a condenser

15. d. water-to-water

Self-Test 2

b. coefficient of performance (COP)

c. energy efficiency rating (EER)

a5}

. the source temperature is highest and the load temperature is lowest
. 12,000 btuh

. watts

2.93

. the source temperature is highest and the load temperature is lowest
. 10

c. 3 GPM

© N ks WD
o A » A 0
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10. c. because the ground temperature is more consistent year-round as compared to air
temperature year-round

11. b. HDPE
12. b.3
13.

jab)

. quantity and quality
14. a. a sleeve on the intake line and a vault

15. d. a hydro-pneumatic tank and pressure switch

Self-Test 3

o

.lor2
.125-150

(="

. sand and Bentonite
. in a reverse-return configuration
HDPE

. using heat-fusion methods

Ao a o

. two for each field loop

a5}

. there are many pipe penetrations through foundation walls

© © N Uk~ WD

(@]

. specialized well-drilling equipment and personnel is needed

. 75 psi for 24 hours

_
= e
o N

. removing trapped air by using high-velocity water flows

—_
N
@]

. calcium chloride-based

—_
w
o

. radiant floor

. a buffer tank

= =
A
@) jab}

. an outdoor reset controller

Self-Test 4

b. chilled water
a. latent cooling
d. condensate collection and removal

d. clear water waste

@]

. they must be hermetically sealed

a. air-to-air

N o bk~ LD

a. a heat exchanger



8.

9.
10.
11.
12.
13.
14.
15.

Comp

b. 2 ft/sec

c. 30 gallons

a. a microbubble resorber

d. 20% glycol, 80% water

a. 1 inch above the highest opening in the pump intake line
C. an expansion tank

b. 50°F (10°C)

c. dump, flush and refill all closed-system piping

etency G2

Self-Test 1

e N N T
“i. & W N = O©

© © N Uk~ WD

a. Direct

b. Diffuse

(@]

. Solar declination angle
. Solar azimuth angle

. Magnetic declination

O A e

. Direct-gain passive

a5}

. Thermosiphoning
b. Active thermal

. Black matte

(@]

. Evacuated tube

o N

. Swimming pool
. Inlet fluid parameter
12 pm

. Low collector inlet fluid temperature

o o o

. Stagnation

Self-Test 2

1
2
3.
4

. d. Check valve
. a. differential temperature controller
a. Heat exchanger

. b. An antifreeze loop with an external heat exchanger
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5. b. Drainback system
6. c. Closed loop drainback system
7. c. A tempering valve
8. a. Stratification
9. a. should be piped in a counterflow pattern between the two mediums

10. d. An anti-scald valve is not necessary

Self-Test 3

d. The need for cross connection control is never a consideration
b. Hydronic radiant floor

c. A 3-way mixing valve

a. The liquid level in the drainback tank

d. An air vent and automatic makeup water

b. A 3-way mixing valve

a. The “HydroLink”

a5}

. Priority

© o N ks WD

c. Outdoor reset

. The load side

—_
e
jab)

Self-Test 4

o

. The placement of the solar collectors

@]

. 9am to 3pm

jab)

. Support/protection of piping

¢. Aluminum or plastic covers

d. 180°

a. The same as the local latitude

b. Copper tube with pressed connections
d. “RETScreen”

© ©° N kA W

a. The percentage of the month-by-month total energy load that is met by an active solar
system

10. c. An indirect storage-type heat exchanger
11. d. An anti-scald valve

12. d. A circuit setter
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13. a. An RPBA
14. b. A drainback tank
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Versioning History

This page provides a record of edits and changes made to this book since its initial publication.
Whenever edits or updates are made in the text, we provide a record and description of those changes
here. If the change is minor, the version number increases by 0.01. If the edits involve substantial
updates, the version number increases to the next full number.

The files posted by this book always reflect the most recent version. If you find an error in this book,
please fill out the Report an Error (https://collection.bccampus.ca/report-error/) form.

Version | Date Change Details

1.00 Jan 11, 2023 Book published.




	Contents
	Accessibility Statement
	For Students: How to Access and Use this Textbook
	About BCcampus Open Education
	Competency G1: Geothermal Systems
	Learning Task 1
	Learning Task 2
	Learning Task 3
	Learning Task 4

	Competency G2: Solar Thermal Systems
	Learning Task 1
	Learning Task 2
	Learning Task 3
	Learning Task 4

	Appendix 1: Self-Test Answer Keys
	Versioning History

