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Aligning Payment Strategies
with Seasonal Needs In
Mobile Home Heating

Overview of HVAC needs specific to mobile homes

Mobile homes, often cherished for their affordability and flexibility, present unique
challenges and opportunities when it comes to heating, ventilation, and air conditioning
(HVAC) systems. These systems are essential for maintaining comfort throughout the year,
yet their demands change with the seasons. Safety standards ensure proper installation and
operation of HVAC systems in mobile homes Mobile Home Air Conditioning

Installation Services technician. Aligning payment strategies to meet these seasonal
demands is crucial for mobile home residents to manage costs effectively while ensuring
continuous comfort.

Mobile home HVAC systems are typically designed to be compact yet efficient. However,
due to the nature of mobile homes-often smaller in size and less insulated than traditional
houses-they can be more susceptible to temperature fluctuations. In winter, heating
becomes paramount as mobile homes tend to lose heat rapidly. Owners often rely on
electric furnaces or space heaters, which can lead to higher energy bills. In contrast,
summer brings a need for cooling solutions such as air conditioners or heat pumps to
combat rising temperatures.

The seasonal demands of mobile home HVAC systems inherently influence energy
consumption patterns. During colder months, heating requirements can cause a spike in
energy usage, while warmer months shift this demand towards cooling needs. This cyclical
pattern poses a financial challenge for many residents who may face steep utility bills during
peak seasons.

To address these fluctuations effectively, aligning payment strategies with seasonal needs
becomes essential. One approach is adopting budget billing plans offered by many utility
companies. These plans average out annual energy costs into consistent monthly
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payments, allowing homeowners to avoid unexpected spikes in their bills during extreme
weather conditions.

Another strategy involves investing in programmable thermostats or smart home technology
that optimizes energy use according to occupancy and personal preferences. By doing so,
residents can reduce unnecessary energy consumption and align usage more closely with

actual needs.

Furthermore, exploring renewable energy options such as solar panels can provide long-
term savings by reducing reliance on grid electricity. While the initial investment may be
substantial, the potential reduction in monthly expenses provides a buffer against seasonal
demand shifts.

Additionally, implementing basic insulation improvements and regular maintenance checks

on HVAC systems can significantly enhance efficiency. Simple actions like sealing windows

and doors or cleaning filters ensure that these systems operate at optimal capacity without
overburdening them during high-demand periods.

In conclusion, understanding the dynamics of mobile home HVAC systems alongside their
seasonal demands is pivotal for developing effective payment strategies. By smoothing out
financial burdens through budget billing or embracing technology-driven efficiencies and
renewable resources, mobile home residents can maintain comfort year-round without being
overwhelmed by fluctuating costs. This proactive approach not only ensures financial
stability but also contributes positively towards sustainable living practices within the
community.







Affordable Payment Plans for Upgrading Mobile Home AC Systems

Choosing the right payment plan for upgrading your mobile home AC system is a crucial decision
that can significantly impact your financial stability and comfort at home.. With numerous options
available, it's essential to consider several factors to ensure you select a plan that aligns with your
needs and budget. Firstly, assess your financial situation.

Posted by on 2024-12-30

Understanding Financing
Options for Mobile Home
HVAC

In the realm of mobile home heating, aligning payment plans with seasonal usage patterns
emerges as a pivotal strategy that offers a multitude of benefits to both consumers and service
providers. The fluctuating demands of energy consumption throughout the year underscore
the necessity for such alignment, which not only enhances customer satisfaction but also
optimizes resource management for providers.

Firstly, aligning payment plans with seasonal usage patterns acknowledges the natural ebb
and flow of heating needs across different times of the year. During colder months, residents
in mobile homes experience heightened heating requirements, leading to increased energy
consumption. By tailoring payment strategies to reflect these variations, consumers can avoid
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financial strain during peak periods. For instance, a flexible payment plan that allows higher
payments during warmer months when heating needs are minimal can ease the burden when
winter arrives. This approach ensures that customers are not overwhelmed by hefty bills
during times when their income might be less flexible due to other seasonal expenses.

Moreover, from a psychological standpoint, this alignment fosters a sense of fairness and
transparency between consumers and providers. When customers see their billing closely
mirroring their actual usage patterns, trust is cultivated. They perceive their energy provider as
more empathetic and responsive to their individual circumstances. This perception can lead to
increased customer loyalty and satisfaction as users feel valued and understood by a
company that prioritizes their specific needs.

From an operational perspective, service providers benefit significantly from this strategic
alignment as well. Predictable cash flow is essential for any business's stability and growth. By
smoothing out revenue streams through seasonally adjusted payment plans, companies can
maintain steadier financial health throughout the year instead of facing significant peaks and
troughs in cash inflow. Additionally, such predictability allows providers to plan better for
infrastructure investments or maintenance activities without being overly concerned about
short-term liquidity issues.

Furthermore, aligning payment strategies with seasonal needs supports broader
environmental goals by encouraging efficient energy use. When consumers are aware that
their billing aligns with actual usage patterns rather than fixed rates regardless of consumption
levels, they are more likely to adopt energy-saving habits naturally suited to different seasons-
such as utilizing alternative heat sources or improving insulation during colder months-thus
reducing overall demand on resources.

In conclusion, implementing payment plans that align with seasonal usage patterns in mobile
home heating presents an advantageous scenario for both consumers and service providers
alike. It facilitates financial planning for households while fostering trust between parties
involved; simultaneously ensuring stable revenues for companies while promoting responsible
resource utilization among users-a win-win situation poised at enhancing sustainable living
practices within communities reliant on mobile home heating solutions.






Explanation of common
financing packages available

As the crisp autumn air begins to dance through the trees and the days grow shorter, many
mobile home residents start turning their attention to heating solutions for the colder months
ahead. For individuals living in mobile homes, managing seasonal heating costs can pose a
significant challenge. This situation calls for innovative payment solutions that align with these






Key factors to consider when
choosing a financing option

In the intricate world of mobile home heating, aligning payment strategies with seasonal needs
presents a unique challenge and opportunity. Mobile home residents often face fluctuating
heating demands throughout the year, causing financial stress during peak seasons. However,
forward-thinking companies have successfully implemented innovative seasonal payment



strategies to alleviate these pressures and ensure consistent service delivery. This essay
explores several case studies that highlight successful implementation of such strategies.

One notable example is a utility company in the Midwest that introduced a budget billing
program tailored for mobile home residents. Recognizing that winter months brought
significant spikes in heating costs, this company offered customers the option to spread their
payments evenly across the year. By calculating an average monthly cost based on historical
usage patterns, they allowed residents to pay predictable amounts each month rather than
facing overwhelming bills during colder periods. This approach not only helped stabilize
household budgets but also improved customer satisfaction and loyalty.

Another successful case comes from a community-focused energy cooperative in New
England that devised a prepaid metering system specifically for their mobile home clientele.
Understanding that many residents struggled with credit access or preferred more flexible
payment terms, this cooperative enabled customers to pay for their energy usage upfront via
an easy-to-use digital platform. Users could purchase energy credits as needed, similar to
topping up a mobile phone plan, allowing them greater control over their expenditures and
reducing anxiety about unexpected high bills.

In addition to financial predictability and control, some companies have also leveraged
technology to enhance payment flexibility. A leading provider of propane services in the South
implemented smart thermostats alongside their tiered pricing plans. These devices not only
optimized energy efficiency but also allowed users to monitor and adjust consumption
remotely through an app. Coupled with personalized monthly billing cycles based on predicted
weather conditions and past usage data, such innovations empowered customers by aligning
payments with actual needs rather than fixed schedules.

Furthermore, partnerships between finance institutions and utility providers have birthed
creative solutions like low-interest loans or deferred payment options during extreme cold
spells. For instance, a collaboration between a regional bank and an electric supplier resulted
in an emergency fund accessible to qualifying households when temperatures plummeted
unexpectedly. Customers could then repay these advances over extended periods without
incurring exorbitant fees or interest rates.

These case studies collectively underscore the importance of understanding consumer
behavior and employing empathy-driven solutions within the context of seasonal demand
variations in mobile home heating markets. By prioritizing customer-centric approaches-be it
through budgeting aids, prepaid options, technological enhancements or strategic



partnerships-companies are not only securing steady revenue streams but also fostering
stronger community ties.

Ultimately, successful implementation of seasonal payment strategies hinges on adaptability
and foresight; businesses must continuously evaluate market trends while remaining attuned
to evolving consumer needs if they wish to thrive amidst changing climatic conditions and
economic landscapes alike. Through thoughtful innovation guided by genuine concern for end-
users' welfare-as demonstrated by these pioneering firms-the future promises even more
refined models capable of seamlessly integrating financial convenience with essential service
provision throughout every season's ebb and flow.




Personal Loans for HVAC
Systems






suitable billing options-residents can maintain comfort without compromising financial stability
during winter's harshest days.

Pros and cons of using
personal loans for HVAC
installation

In recent years, the landscape of payment strategies for mobile home HVAC systems has
been undergoing significant transformation. As technology advances and consumer
expectations evolve, it becomes imperative to align payment strategies with the seasonal
needs inherent in mobile home heating. This alignment not only enhances customer
satisfaction but also fosters a more sustainable financial ecosystem for both homeowners and
service providers.

One of the most prominent future trends in this domain is the integration of flexible payment
plans that accommodate the fluctuating demands of different seasons. Mobile homes often
face unique challenges when it comes to HVAC systems, largely due to their less robust
insulation compared to traditional housing. During colder months, heating requirements surge,
leading to increased energy consumption and higher bills. To mitigate this financial strain,
many companies are exploring subscription-based models or seasonal payment adjustments
that allow consumers to pay more during peak usage periods and less during off-peak times.

The advent of smart technology further propels this trend by providing real-time data on
energy consumption patterns. Homeowners can leverage these insights to adjust their
payment plans accordingly, ensuring they are only paying for what they actually use. This not
only aids in budgeting but also encourages more responsible energy consumption,



contributing positively to environmental sustainability efforts.

Another emerging strategy is the adoption of pay-as-you-go systems. These systems offer
unparalleled flexibility by allowing homeowners to top up their heating services as needed
without committing to long-term contracts or large upfront payments. This model is particularly
appealing for those with unpredictable incomes or those who wish to avoid being locked into
rigid financial commitments.

Moreover, many companies are beginning to offer loyalty programs or discounts for customers
who commit to environmentally friendly practices such as using energy-efficient appliances or
reducing their carbon footprint. Such incentives not only drive customer engagement but also
promote a culture of sustainability within the community.

Additionally, partnerships between utility companies and financial institutions are poised to
revolutionize how mobile home owners finance their HVAC needs. By offering low-interest
loans or financing options tailored specifically for HVAC upgrades and maintenance, these
collaborations can ease the burden on homeowners while simultaneously boosting system
efficiency and reliability.

In conclusion, aligning payment strategies with seasonal needs in mobile home heating is
crucial in today's dynamic economic environment. By embracing flexible payment models
powered by smart technology and fostering partnerships aimed at financial accessibility,
stakeholders can create a mutually beneficial ecosystem that addresses both consumer
demands and operational efficiencies. As these trends continue to evolve, they promise not
only enhanced user experiences but also a step forward towards greater sustainability in the
realm of mobile home living.



About Heat exchanger

Tubular heat exchanger



Partial view into inlet plenum of shell and tube heat exchanger of a refrigerant
based chiller for providing air-conditioning to a building

A heat exchanger is a system used to transfer heat between a source and a working
fluid. Heat exchangers are used in both cooling and heating processes.[l] The fluids
may be separated by a solid wall to prevent mixing or they may be in direct contact.[z]
They are widely used in space heating, refrigeration, air conditioning, power stations,
chemical plants, petrochemical plants, petroleum refineries, natural-gas processing, and
sewage treatment. The classic example of a heat exchanger is found in an internal
combustion engine in which a circulating fluid known as engine coolant flows through
radiator coils and air flows past the coils, which cools the coolant and heats the
incoming air. Another example is the heat sink, which is a passive heat exchanger that
transfers the heat generated by an electronic or a mechanical device to a fluid medium,
often air or a liquid coolant.[3]

Flow arrangement

[edit]

Countercurrent (A) and parallel (B) flows



There are three primary classifications of heat exchangers according to their flow
arrangement. In parallel-flow heat exchangers, the two fluids enter the exchanger at the
same end, and travel in parallel to one another to the other side. In counter-flow heat
exchangers the fluids enter the exchanger from opposite ends. The counter current
design is the most efficient, in that it can transfer the most heat from the heat (transfer)
medium per unit mass due to the fact that the average temperature difference along any
unit length is higher. See countercurrent exchange. In a cross-flow heat exchanger, the
fluids travel roughly perpendicular to one another through the exchanger.

Fig. 1: Shell and tube heat
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tube heat

exchanger, single

pass (1-1 parallel

flow)

Fig. 2: Shell and tube heat
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Fig. 3: Shell and
tube heat
exchanger, 2-pass



shell side, 2-pass
For efficiency, heat exchangers are designed to maximize tube side (2-2

the surface area of the wall between the two fluids, while countercurrent)
minimizing resistance to fluid flow through the exchanger.

The exchanger's performance can also be affected by the addition of fins or
corrugations in one or both directions, which increase surface area and may channel
fluid flow or induce turbulence.

The driving temperature across the heat transfer surface varies with position, but an
appropriate mean temperature can be defined. In most simple systems this is the "log
mean temperature difference” (LMTD). Sometimes direct knowledge of the LMTD is not
available and the NTU method is used.

Types
[edit]

Double pipe heat exchangers are the simplest exchangers used in industries. On one
hand, these heat exchangers are cheap for both design and maintenance, making them
a good choice for small industries. On the other hand, their low efficiency coupled with
the high space occupied in large scales, has led modern industries to use more efficient
heat exchangers like shell and tube or plate. However, since double pipe heat
exchangers are simple, they are used to teach heat exchanger design basics to
students as the fundamental rules for all heat exchangers are the same.

1. Double-pipe heat exchanger

When one fluid flows through the smaller pipe, the other flows through the annular gap
between the two pipes. These flows may be parallel or counter-flows in a double pipe
heat exchanger.

(a) Parallel flow, where both hot and cold liquids enter the heat exchanger from the
same side, flow in the same direction and exit at the same end. This configuration is
preferable when the two fluids are intended to reach exactly the same temperature, as it
reduces thermal stress and produces a more uniform rate of heat transfer.

(b) Counter-flow, where hot and cold fluids enter opposite sides of the heat exchanger,
flow in opposite directions, and exit at opposite ends. This configuration is preferable
when the objective is to maximize heat transfer between the fluids, as it creates a larger
temperature differential when used under otherwise similar conditions. [citation needed!

The figure above illustrates the parallel and counter-flow flow directions of the fluid
exchanger.

2. Shell-and-tube heat exchanger



In a shell-and-tube heat exchanger, two fluids at different temperatures flow through the
heat exchanger. One of the fluids flows through the tube side and the other fluid flows
outside the tubes, but inside the shell (shell side).

Baffles are used to support the tubes, direct the fluid flow to the tubes in an
approximately natural manner, and maximize the turbulence of the shell fluid. There are
many various kinds of baffles, and the choice of baffle form, spacing, and geometry
depends on the allowable flow rate of the drop in shell-side force, the need for tube
support, and the flow-induced vibrations. There are several variations of shell-and-tube
exchangers available; the differences lie in the arrangement of flow configurations and
details of construction.

In application to cool air with shell-and-tube technology (such as intercooler / charge air
cooler for combustion engines), fins can be added on the tubes to increase heat transfer
area on air side and create a tubes & fins configuration.

3. Plate Heat Exchanger

A plate heat exchanger contains an amount of thin shaped heat transfer plates bundled
together. The gasket arrangement of each pair of plates provides two separate channel
system. Each pair of plates form a channel where the fluid can flow through. The pairs
are attached by welding and bolting methods. The following shows the components in
the heat exchanger.

In single channels the configuration of the gaskets enables flow through. Thus, this
allows the main and secondary media in counter-current flow. A gasket plate heat
exchanger has a heat region from corrugated plates. The gasket function as seal
between plates and they are located between frame and pressure plates. Fluid flows in
a counter current direction throughout the heat exchanger. An efficient thermal
performance is produced. Plates are produced in different depths, sizes and corrugated
shapes. There are different types of plates available including plate and frame, plate and
shell and spiral plate heat exchangers. The distribution area guarantees the flow of fluid
to the whole heat transfer surface. This helps to prevent stagnant area that can cause
accumulation of unwanted material on solid surfaces. High flow turbulence between
plates results in a greater transfer of heat and a decrease in pressure.

4. Condensers and Boilers Heat exchangers using a two-phase heat transfer system are
condensers, boilers and evaporators. Condensers are instruments that take and cool hot
gas or vapor to the point of condensation and transform the gas into a liquid form. The
point at which liquid transforms to gas is called vaporization and vice versa is called
condensation. Surface condenser is the most common type of condenser where it
includes a water supply device. Figure 5 below displays a two-pass surface condenser.



The pressure of steam at the turbine outlet is low where the steam density is very low
where the flow rate is very high. To prevent a decrease in pressure in the movement of
steam from the turbine to condenser, the condenser unit is placed underneath and
connected to the turbine. Inside the tubes the cooling water runs in a parallel way, while
steam moves in a vertical downward position from the wide opening at the top and travel
through the tube. Furthermore, boilers are categorized as initial application of heat
exchangers. The word steam generator was regularly used to describe a boiler unit
where a hot liquid stream is the source of heat rather than the combustion products.
Depending on the dimensions and configurations the boilers are manufactured. Several
boilers are only able to produce hot fluid while on the other hand the others are
manufactured for steam production.

Shell and tube

[edit]
Main article: Shell and tube heat exchanger

A shell and tube heat exchanger



Shell and tube heat exchanger

Shell and tube heat exchangers consist of a series of tubes which contain fluid that must
be either heated or cooled. A second fluid runs over the tubes that are being heated or
cooled so that it can either provide the heat or absorb the heat required. A set of tubes is
called the tube bundle and can be made up of several types of tubes: plain,
longitudinally finned, etc. Shell and tube heat exchangers are typically used for high-
pressure applications (with pressures greater than 30 bar and temperatures greater than
260 °C).[4] This is because the shell and tube heat exchangers are robust due to their
shape.

Several thermal design features must be considered when designing the tubes in the
shell and tube heat exchangers: There can be many variations on the shell and tube
design. Typically, the ends of each tube are connected to plenums (sometimes called
water boxes) through holes in tubesheets. The tubes may be straight or bent in the
shape of a U, called U-tubes.

o Tube diameter: Using a small tube diameter makes the heat exchanger both
economical and compact. However, it is more likely for the heat exchanger to foul
up faster and the small size makes mechanical cleaning of the fouling difficult. To
prevail over the fouling and cleaning problems, larger tube diameters can be used.
Thus to determine the tube diameter, the available space, cost and fouling nature
of the fluids must be considered.

o Tube thickness: The thickness of the wall of the tubes is usually determined to
ensure:

o There is enough room for corrosion

o That flow-induced vibration has resistance
o Axial strength

o Availability of spare parts



o Hoop strength (to withstand internal tube pressure)

o Buckling strength (to withstand overpressure in the shell)
Tube length: heat exchangers are usually cheaper when they have a smaller shell
diameter and a long tube length. Thus, typically there is an aim to make the heat
exchanger as long as physically possible whilst not exceeding production
capabilities. However, there are many limitations for this, including space available
at the installation site and the need to ensure tubes are available in lengths that
are twice the required length (so they can be withdrawn and replaced). Also, long,
thin tubes are difficult to take out and replace.
Tube pitch: when designing the tubes, it is practical to ensure that the tube pitch
(i.e., the centre-centre distance of adjoining tubes) is not less than 1.25 times the
tubes' outside diameter. A larger tube pitch leads to a larger overall shell diameter,
which leads to a more expensive heat exchanger.
Tube corrugation: this type of tubes, mainly used for the inner tubes, increases the
turbulence of the fluids and the effect is very important in the heat transfer giving a
better performance.
Tube Layout: refers to how tubes are positioned within the shell. There are four
main types of tube layout, which are, triangular (30°), rotated triangular (60°),
square (90°) and rotated square (45°). The triangular patterns are employed to
give greater heat transfer as they force the fluid to flow in a more turbulent fashion
around the piping. Square patterns are employed where high fouling is
experienced and cleaning is more regular.
Baffle Design: baffles are used in shell and tube heat exchangers to direct fluid
across the tube bundle. They run perpendicularly to the shell and hold the bundle,
preventing the tubes from sagging over a long length. They can also prevent the
tubes from vibrating. The most common type of baffle is the segmental baffle. The
semicircular segmental baffles are oriented at 180 degrees to the adjacent baffles
forcing the fluid to flow upward and downwards between the tube bundle. Baffle
spacing is of large thermodynamic concern when designing shell and tube heat
exchangers. Baffles must be spaced with consideration for the conversion of
pressure drop and heat transfer. For thermo economic optimization it is suggested
that the baffles be spaced no closer than 20% of the shell's inner diameter. Having
baffles spaced too closely causes a greater pressure drop because of flow
redirection. Consequently, having the baffles spaced too far apart means that there
may be cooler spots in the corners between baffles. It is also important to ensure
the baffles are spaced close enough that the tubes do not sag. The other main
type of baffle is the disc and doughnut baffle, which consists of two concentric
baffles. An outer, wider baffle looks like a doughnut, whilst the inner baffle is
shaped like a disk. This type of baffle forces the fluid to pass around each side of
the disk then through the doughnut baffle generating a different type of fluid flow.
Tubes & fins Design: in application to cool air with shell-and-tube technology (such
as intercooler / charge air cooler for combustion engines), the difference in heat
transfer between air and cold fluid can be such that there is a need to increase



heat transfer area on air side. For this function fins can be added on the tubes to
increase heat transfer area on air side and create a tubes & fins configuration.

Fixed tube liquid-cooled heat exchangers especially suitable for marine and harsh
applications can be assembled with brass shells, copper tubes, brass baffles, and
forged brass integral end hubs. lcitation needed! (See: Copper in heat exchangers).

Plate

[edit]
Main article: Plate heat exchanger

Conceptual diagram of a plate and frame heat exchanger

A single plate heat exchanger



An interchangeable plate heat exchanger directly applied to the system of a
swimming pool

Another type of heat exchanger is the plate heat exchanger. These exchangers are
composed of many thin, slightly separated plates that have very large surface areas and
small fluid flow passages for heat transfer. Advances in gasket and brazing technology
have made the plate-type heat exchanger increasingly practical. In HVAC applications,
large heat exchangers of this type are called plate-and-frame; when used in open loops,
these heat exchangers are normally of the gasket type to allow periodic disassembly,
cleaning, and inspection. There are many types of permanently bonded plate heat
exchangers, such as dip-brazed, vacuum-brazed, and welded plate varieties, and they
are often specified for closed-loop applications such as refrigeration. Plate heat
exchangers also differ in the types of plates that are used, and in the configurations of
those plates. Some plates may be stamped with "chevron”, dimpled, or other patterns,
where others may have machined fins and/or grooves.

When compared to shell and tube exchangers, the stacked-plate arrangement typically
has lower volume and cost. Another difference between the two is that plate exchangers
typically serve low to medium pressure fluids, compared to medium and high pressures
of shell and tube. A third and important difference is that plate exchangers employ more
countercurrent flow rather than cross current flow, which allows lower approach
temperature differences, high temperature changes, and increased efficiencies.

Plate and shell

[edit]



A third type of heat exchanger is a plate and shell heat exchanger, which combines
plate heat exchanger with shell and tube heat exchanger technologies. The heart of the
heat exchanger contains a fully welded circular plate pack made by pressing and cutting
round plates and welding them together. Nozzles carry flow in and out of the platepack
(the 'Plate side' flowpath). The fully welded platepack is assembled into an outer shell
that creates a second flowpath ( the 'Shell side’). Plate and shell technology offers high
heat transfer, high pressure, high operating temperature, compact size, low fouling and
close approach temperature. In particular, it does completely without gaskets, which
provides security against leakage at high pressures and temperatures.

Adiabatic wheel

[edit]

A fourth type of heat exchanger uses an intermediate fluid or solid store to hold heat,
which is then moved to the other side of the heat exchanger to be released. Two
examples of this are adiabatic wheels, which consist of a large wheel with fine threads
rotating through the hot and cold fluids, and fluid heat exchangers.

Plate fin

[edit]
Main article: Plate fin heat exchanger

This type of heat exchanger uses "sandwiched" passages containing fins to increase the
effectiveness of the unit. The designs include crossflow and counterflow coupled with
various fin configurations such as straight fins, offset fins and wavy fins.

Plate and fin heat exchangers are usually made of aluminum alloys, which provide high
heat transfer efficiency. The material enables the system to operate at a lower
temperature difference and reduce the weight of the equipment. Plate and fin heat
exchangers are mostly used for low temperature services such as natural gas, helium
and oxygen liquefaction plants, air separation plants and transport industries such as
motor and aircraft engines.

Advantages of plate and fin heat exchangers:

o High heat transfer efficiency especially in gas treatment
o Larger heat transfer area



o Approximately 5 times lighter in weight than that of shell and tube heat exchanger. [citation
o Able to withstand high pressure

Disadvantages of plate and fin heat exchangers:

o Might cause clogging as the pathways are very narrow
o Difficult to clean the pathways
o Aluminium alloys are susceptible to Mercury Liquid Embrittlement Failure

Finned tube

[edit]

The usage of fins in a tube-based heat exchanger is common when one of the working
fluids is a low-pressure gas, and is typical for heat exchangers that operate using
ambient air, such as automotive radiators and HVAC air condensers. Fins dramatically
increase the surface area with which heat can be exchanged, which improves the
efficiency of conducting heat to a fluid with very low thermal conductivity, such as air.
The fins are typically made from aluminium or copper since they must conduct heat from
the tube along the length of the fins, which are usually very thin.

The main construction types of finned tube exchangers are:

o A stack of evenly-spaced metal plates act as the fins and the tubes are pressed
through pre-cut holes in the fins, good thermal contact usually being achieved by
deformation of the fins around the tube. This is typical construction for HVAC air
coils and large refrigeration condensers.

o Fins are spiral-wound onto individual tubes as a continuous strip, the tubes can
then be assembled in banks, bent in a serpentine pattern, or wound into large
spirals.

o Zig-zag metal strips are sandwiched between flat rectangular tubes, often being
soldered or brazed together for good thermal and mechanical strength. This is
common in low-pressure heat exchangers such as water-cooling radiators. Regular
flat tubes will expand and deform if exposed to high pressures but flat
microchannel tubes allow this construction to be used for high pressures.[5]

Stacked-fin or spiral-wound construction can be used for the tubes inside shell-and-tube
heat exchangers when high efficiency thermal transfer to a gas is required.

In electronics cooling, heat sinks, particularly those using heat pipes, can have a
stacked-fin construction.



Pillow plate

[edit]

A pillow plate heat exchanger is commonly used in the dairy industry for cooling milk in
large direct-expansion stainless steel bulk tanks. Nearly the entire surface area of a tank
can be integrated with this heat exchanger, without gaps that would occur between
pipes welded to the exterior of the tank. Pillow plates can also be constructed as flat
plates that are stacked inside a tank. The relatively flat surface of the plates allows easy
cleaning, especially in sterile applications.

The pillow plate can be constructed using either a thin sheet of metal welded to the
thicker surface of a tank or vessel, or two thin sheets welded together. The surface of
the plate is welded with a regular pattern of dots or a serpentine pattern of weld lines.
After welding the enclosed space is pressurised with sufficient force to cause the thin
metal to bulge out around the welds, providing a space for heat exchanger liquids to
flow, and creating a characteristic appearance of a swelled pillow formed out of metal.

Waste heat recovery units

[edit]

sorel s seqtion does not cite any sources. Please help improve this section by
% adding citations to reliable sources. Unsourced material may be challenged and
removed. (March 2017) (Learn how and when to remove this message)

A waste heat recovery unit (WHRU) is a heat exchanger that recovers heat from a hot
gas stream while transferring it to a working medium, typically water or oils. The hot gas
stream can be the exhaust gas from a gas turbine or a diesel engine or a waste gas
from industry or refinery.

Large systems with high volume and temperature gas streams, typical in industry, can
benefit from steam Rankine cycle (SRC) in a waste heat recovery unit, but these cycles
are too expensive for small systems. The recovery of heat from low temperature
systems requires different working fluids than steam.

An organic Rankine cycle (ORC) waste heat recovery unit can be more efficient at low
temperature range using refrigerants that boil at lower temperatures than water. Typical
organic refrigerants are ammonia, pentafluoropropane (R-245fa and R-245ca), and
toluene.



The refrigerant is boiled by the heat source in the evaporator to produce super-heated
vapor. This fluid is expanded in the turbine to convert thermal energy to kinetic energy,
that is converted to electricity in the electrical generator. This energy transfer process
decreases the temperature of the refrigerant that, in turn, condenses. The cycle is
closed and completed using a pump to send the fluid back to the evaporator.

Dynamic scraped surface

[edit]

Another type of heat exchanger is called "(dynamic) scraped surface heat exchanger".
This is mainly used for heating or cooling with high-viscosity products, crystallization
processes, evaporation and high-fouling applications. Long running times are achieved
due to the continuous scraping of the surface, thus avoiding fouling and achieving a
sustainable heat transfer rate during the process.

Phase-change

[edit]

Typical kettle reboiler used for industrial distillation towers

Typical water-cooled surface condenser



In addition to heating up or cooling down fluids in just a single phase, heat exchangers
can be used either to heat a liquid to evaporate (or boil) it or used as condensers to cool
a vapor and condense it to a liquid. In chemical plants and refineries, reboilers used to
heat incoming feed for distillation towers are often heat exchangers.[G][7]

Distillation set-ups typically use condensers to condense distillate vapors back into
liquid.

Power plants that use steam-driven turbines commonly use heat exchangers to boll
water into steam. Heat exchangers or similar units for producing steam from water are
often called boilers or steam generators.

In the nuclear power plants called pressurized water reactors, special large heat
exchangers pass heat from the primary (reactor plant) system to the secondary (steam
plant) system, producing steam from water in the process. These are called steam
generators. All fossil-fueled and nuclear power plants using steam-driven turbines have
surface condensers to convert the exhaust steam from the turbines into condensate
(water) for re-use.[8][9]

To conserve energy and cooling capacity in chemical and other plants, regenerative
heat exchangers can transfer heat from a stream that must be cooled to another stream
that must be heated, such as distillate cooling and reboiler feed pre-heating.

This term can also refer to heat exchangers that contain a material within their structure
that has a change of phase. This is usually a solid to liquid phase due to the small
volume difference between these states. This change of phase effectively acts as a
buffer because it occurs at a constant temperature but still allows for the heat exchanger
to accept additional heat. One example where this has been investigated is for use in
high power aircraft electronics.

Heat exchangers functioning in multiphase flow regimes may be subject to the Ledinegg
instability.

Direct contact

[edit]

Direct contact heat exchangers involve heat transfer between hot and cold streams of
two phases in the absence of a separating WaII.[lo] Thus such heat exchangers can be
classified as:

o Gas - liquid



o Immiscible liquid — liquid
o Solid-liquid or solid — gas

Most direct contact heat exchangers fall under the Gas — Liquid category, where heat is
transferred between a gas and liquid in the form of drops, films or sprays.[4]

Such types of heat exchangers are used predominantly in air conditioning,
humidification, industrial hot water heating, water cooling and condensing plants.[ll]

Phases[ Continuous Driving Change of

12] phase force phase Examples
fizzia Gas Gravity  No Spray columns, packed columns
Cooling towers, falling droplet
Yes
evaporators
Forced No Spray coolers/quenchers
Liquid Spray condensers/evaporation, jet
Yes
flow condensers
Liquid Gravity  No Bubble columns, perforated tray
columns
Yes Bubble column condensers
Forced No Gas spargers

Direct contact evaporators,

Gasflow Yes submerged combustion

Microchannel

[edit]

Microchannel heat exchangers are multi-pass parallel flow heat exchangers consisting
of three main elements: manifolds (inlet and outlet), multi-port tubes with the hydraulic
diameters smaller than 1mm, and fins. All the elements usually brazed together using
controllable atmosphere brazing process. Microchannel heat exchangers are
characterized by high heat transfer ratio, low refrigerant charges, compact size, and
lower airside pressure drops compared to finned tube heat exchangers.[citation needed!
Microchannel heat exchangers are widely used in automotive industry as the car
radiators, and as condenser, evaporator, and cooling/heating coils in HVAC industry.

Main article: Micro heat exchanger



Micro heat exchangers, Micro-scale heat exchangers, or microstructured heat
exchangers are heat exchangers in which (at least one) fluid flows in lateral
confinements with typical dimensions below 1 mm. The most typical such confinement
are microchannels, which are channels with a hydraulic diameter below 1 mm.
Microchannel heat exchangers can be made from metal or ceramics. [ ] Microchannel
heat exchangers can be used for many applications including:

high- performance aircraft gas turbine englnes[14]
heat pumps[ ]

Microprocessor and microchip coolmg[16]

air cond|t|on|ng[ ]

o O O O

HVAC and refrigeration air coils
[edit]

One of the widest uses of heat exchangers is for refrigeration and air conditioning. This
class of heat exchangers is commonly called air coils, or just coils due to their often-
serpentine internal tubing, or condensers in the case of refrigeration, and are typically of
the finned tube type. Liquid-to-air, or air-to-liquid HVAC coils are typically of modified
crossflow arrangement. In vehicles, heat coils are often called heater cores.

On the liquid side of these heat exchangers, the common fluids are water, a water-glycol
solution, steam, or a refrigerant. For heating coils, hot water and steam are the most
common, and this heated fluid is supplied by boilers, for example. For cooling coils,
chilled water and refrigerant are most common. Chilled water is supplied from a chiller
that is potentially located very far away, but refrigerant must come from a nearby
condensing unit. When a refrigerant is used, the cooling coil is the evaporator, and the
heating coil is the condenser in the vapor-compression refrigeration cycle. HVAC coils
that use this direct-expansion of refrigerants are commonly called DX coils. Some DX
coils are "microchannel” type[ ]

On the air side of HVAC colls a significant difference exists between those used for
heating, and those for cooling. Due to psychrometrics, air that is cooled often has
moisture condensing out of it, except with extremely dry air flows. Heating some air
increases that airflow's capacity to hold water. So heating coils need not consider
moisture condensation on their air-side, but cooling coils must be adequately designed
and selected to handle their particular latent (moisture) as well as the sensible (cooling)
loads. The water that is removed is called condensate.

For many climates, water or steam HVAC coils can be exposed to freezing conditions.
Because water expands upon freezing, these somewhat expensive and difficult to
replace thin-walled heat exchangers can easily be damaged or destroyed by just one
freeze. As such, freeze protection of coils is a major concern of HVAC designers,
installers, and operators.



The introduction of indentations placed within the heat exchange fins controlled
condensation, allowing water molecules to remain in the cooled air.[18]

The heat exchangers in direct-combustion furnaces, typical in many residences, are not
‘coils'. They are, instead, gas-to-air heat exchangers that are typically made of stamped
steel sheet metal. The combustion products pass on one side of these heat exchangers,
and air to heat on the other. A cracked heat exchanger is therefore a dangerous
situation that requires immediate attention because combustion products may enter
living space.

Helical-coil

[edit]

Helical-Coil Heat Exchanger sketch, which consists of a shell, core, and tubes
(Scott S. Haraburda design)

Although double-pipe heat exchangers are the simplest to design, the better choice in
the following cases would be the helical-coil heat exchanger (HCHE):

o The main advantage of the HCHE, like that for the Spiral heat exchanger (SHE), is
its highly efficient use of space, especially when it's limited and not enough straight
pipe can be Iaid.[lg]

o Under conditions of low flowrates (or laminar flow), such that the typical shell-and-
tlugbe exchangers have low heat-transfer coefficients and becoming uneconomical.|

]

o When there is low pressure in one of the fluids, usually from accumulated pressure
drops in other process equipment.[lg]

o When one of the fluids has components in multiple phases (solids, liquids, and
gases), which tends to create mechanical problems during operations, such as
plugging of small-diameter tubes.[zo] Cleaning of helical coils for these multiple-
phase fluids can prove to be more difficult than its shell and tube counterpart;
however the helical coil unit would require cleaning less often.

These have been used in the nuclear industry as a method for exchanging heat in a
sodium system for large liquid metal fast breeder reactors since the early 1970s, using



an HCHE device invented by Charles E. Boardman and John H. Germer.[zl] There are
several simple methods for designing HCHE for all types of manufacturing industries,
such as using the Ramachandra K. Patil (et al ) method from India and the Scott S.
Haraburda method from the United States. [ ][ ]

However, these are based upon assumptions of estimating inside heat transfer
coefficient, predicting flow around the outside of the coil, and upon constant heat flux. [22

]

Spiral
[edit]

Schematic drawing of a spiral heat exchanger

A modification to the perpendicular flow of the typical HCHE involves the replacement of
shell with another coiled tube, allowing the two fluids to flow parallel to one another, and
which requires the use of different design calculations. [ ] These are the Spiral Heat
Exchangers (SHE), which may refer to a helical (coiled) tube configuration, more
generally, the term refers to a pair of flat surfaces that are coiled to form the two
channels in a counter-flow arrangement. Each of the two channels has one long curved
path. A pair of fluid ports are connected tangentially to the outer arms of the spiral, and
axial ports are common, but optional.[ 4]

The main advantage of the SHE is its highly efficient use of space. This attribute is often
leveraged and patrtially reallocated to gain other improvements in performance,
according to well known tradeoffs in heat exchanger design. (A notable tradeoff is
capital cost vs operating cost.) A compact SHE may be used to have a smaller footprint
and thus lower all-around capital costs, or an oversized SHE may be used to have less
pressure drop, less pumping energy, higher thermal efficiency, and lower energy costs.

Construction



[edit]

The distance between the sheets in the spiral channels is maintained by using spacer
studs that were welded prior to rolling. Once the main spiral pack has been rolled,
alternate top and bottom edges are welded and each end closed by a gasketed flat or
conical cover bolted to the body. This ensures no mixing of the two fluids occurs. Any
leakage is from the periphery cover to the atmosphere, or to a passage that contains the
same fluid.[2°]

Self cleaning

[edit]

Spiral heat exchangers are often used in the heating of fluids that contain solids and
thus tend to foul the inside of the heat exchanger. The low pressure drop lets the SHE
handle fouling more easily. The SHE uses a “self cleaning” mechanism, whereby fouled
surfaces cause a localized increase in fluid velocity, thus increasing the drag (or fluid
friction) on the fouled surface, thus helping to dislodge the blockage and keep the heat
exchanger clean. "The internal walls that make up the heat transfer surface are often
rather thick, which makes the SHE very robust, and able to last a long time in
demanding environments."[citation needed! They are also easily cleaned, opening out
like an oven where any buildup of foulant can be removed by pressure washing.

Self-cleaning water filters are used to keep the system clean and running without the
need to shut down or replace cartridges and bags.

Flow arrangements

[edit]



A comparison between the operations and effects of a cocurrent and a
countercurrent flow exchange system is depicted by the upper and lower
diagrams respectively. In both it is assumed (and indicated) that red has a
higher value (e.g. of temperature) than blue and that the property being
transported in the channels therefore flows from red to blue. Channels are
contiguous if effective exchange is to occur (i.e. there can be no gap between
the channels).

There are three main types of flows in a spiral heat exchanger:

o Counter-current Flow: Fluids flow in opposite directions. These are used for
liquid-liquid, condensing and gas cooling applications. Units are usually mounted
vertically when condensing vapour and mounted horizontally when handling high
concentrations of solids.

o Spiral Flow/Cross Flow: One fluid is in spiral flow and the other in a cross flow.
Spiral flow passages are welded at each side for this type of spiral heat exchanger.
This type of flow is suitable for handling low density gas, which passes through the
cross flow, avoiding pressure loss. It can be used for liquid-liquid applications if one
liquid has a considerably greater flow rate than the other.

o Distributed Vapour/Spiral flow: This design is that of a condenser, and is usually
mounted vertically. It is designed to cater for the sub-cooling of both condensate
and non-condensables. The coolant moves in a spiral and leaves via the top. Hot
gases that enter leave as condensate via the bottom outlet.

Applications

[edi]

The Spiral heat exchanger is good for applications such as pasteurization, digester

heating, heat recovery, pre-heating (see: recuperator), and effluent cooling. For sludge
treatment, SHEs are generally smaller than other types of heat exchangers.[citation needed!
These are used to transfer the heat.

Selection
[edit]

Due to the many variables involved, selecting optimal heat exchangers is challenging.
Hand calculations are possible, but many iterations are typically needed. As such, heat
exchangers are most often selected via computer programs, either by system designers,
who are typically engineers, or by equipment vendors.



To select an appropriate heat exchanger, the system designers (or equipment vendors)
would firstly consider the design limitations for each heat exchanger type. Though cost
Is often the primary criterion, several other selection criteria are important:

High/low pressure limits

Thermal performance

Temperature ranges

Product mix (liquid/liquid, particulates or high-solids liquid)
Pressure drops across the exchanger

Fluid flow capacity

Cleanability, maintenance and repair

Materials required for construction

Ability and ease of future expansion

Material selection, such as copper, aluminium, carbon steel, stainless steel, nickel
alloys, ceramic, polymer, and titanium.[26][27]

0O 0O 0 O 0 O 0o 0 O o

Small-diameter coil technologies are becoming more popular in modern air conditioning
and refrigeration systems because they have better rates of heat transfer than
conventional sized condenser and evaporator coils with round copper tubes and
aluminum or copper fin that have been the standard in the HVAC industry. Small
diameter coils can withstand the higher pressures required by the new generation of
environmentally friendlier refrigerants. Two small diameter coil technologies are
currently available for air conditioning and refrigeration products: copper microgroove [28
] and brazed aluminum microchannel.lcitation needed

Choosing the right heat exchanger (HX) requires some knowledge of the different heat
exchanger types, as well as the environment where the unit must operate. Typically in
the manufacturing industry, several differing types of heat exchangers are used for just
one process or system to derive the final product. For example, a kettle HX for pre-
heating, a double pipe HX for the 'carrier' fluid and a plate and frame HX for final
cooling. With sufficient knowledge of heat exchanger types and ogperating requirements,
an appropriate selection can be made to optimise the proc:ess.[2 ]

Monitoring and maintenance
[edit]

Online monitoring of commercial heat exchangers is done by tracking the overall heat
transfer coefficient. The overall heat transfer coefficient tends to decline over time due to
fouling.

By periodically calculating the overall heat transfer coefficient from exchanger flow rates
and temperatures, the owner of the heat exchanger can estimate when cleaning the
heat exchanger is economically attractive.



Integrity inspection of plate and tubular heat exchanger can be tested in situ by the
conductivity or helium gas methods. These methods confirm the integrity of the plates or
tubes to prevent any cross contamination and the condition of the gaskets.

Mechanical integrity monitoring of heat exchanger tubes may be conducted through
Nondestructive methods such as eddy current testing.

Fouling

[edit]
Main article: Fouling

A heat exchanger in a steam power station contaminated with macrofouling

Fouling occurs when impurities deposit on the heat exchange surface. Deposition of
these impurities can decrease heat transfer effectiveness significantly over time and are
caused by:

Low wall shear stress

Low fluid velocities

High fluid velocities

Reaction product solid precipitation

Precipitation of dissolved impurities due to elevated wall temperatures

O O O O O

The rate of heat exchanger fouling is determined by the rate of particle deposition less
re-entrainment/suppression. This model was originally proposed in 1959 by Kern and
Seaton.

Crude Oil Exchanger Fouling. In commercial crude oil refining, crude oil is heated from
21 °C (70 °F) to 343 °C (649 °F) prior to entering the distillation column. A series of shell
and tube heat exchangers typically exchange heat between crude oil and other oil



streams to heat the crude to 260 °C (500 °F) prior to heating in a furnace. Fouling
occurs on the crude side of these exchangers due to asphaltene insolubility. The nature
of asphaltene solubility in crude oil was successfully modeled by Wiehe and Kennedy. [

] The precipitation of insoluble asphaltenes in crude preheat trams has been
successfully modeled as a first order reaction by Ebert and Panchal[ ] who expanded
on the work of Kern and Seaton.

Cooling Water Fouling. Cooling water systems are susceptible to fouling. Cooling
water typically has a high total dissolved solids content and suspended colloidal solids.
Localized precipitation of dissolved solids occurs at the heat exchange surface due to
wall temperatures higher than bulk fluid temperature. Low fluid velocities (less than

3 ft/s) allow suspended solids to settle on the heat exchange surface. Cooling water is
typically on the tube side of a shell and tube exchanger because it's easy to clean. To
prevent fouling, designers typically ensure that cooling water velocity is greater than 0.9
m/s and bulk fluid temperature is maintained less than 60 °C (140 °F). Other
approaches to control fouling control combine the "blind" application of biocides and
anti-scale chemicals with periodic lab testing.

Maintenance

[edit]

Plate and frame heat exchangers can be disassembled and cleaned periodically.
Tubular heat exchangers can be cleaned by such methods as acid cleaning,
sandblasting, high-pressure water jet, bullet cleaning, or drill rods.

In large-scale cooling water systems for heat exchangers, water treatment such as
purification, addition of chemicals, and testing, is used to minimize fouling of the heat
exchange equipment. Other water treatment is also used in steam systems for power
plants, etc. to minimize fouling and corrosion of the heat exchange and other equipment.

A variety of companies have started using water borne oscillations technology to prevent
biofouling. Without the use of chemicals, this type of technology has helped in providing
a low-pressure drop in heat exchangers.

Design and manufacturing regulations
[edit]

The design and manufacturing of heat exchangers has numerous regulations, which
vary according to the region in which they will be used.



Design and manufacturing codes include: ASME Boiler and Pressure Vessel Code (US);
PD 5500 (UK); BS 1566 (UK); [ ] EN 13445 (EU); CODAP (French); Pressure
Equipment Safety Regulations 2016 (PER) (UK); Pressure Equipment Directive (EU);
NORSOK (Norwegian); TEMA; [ ] API 12; and API 560. [citation needed!

In nature

[edit]

Humans

[edit]

The human nasal passages serve as a heat exchanger, with cool air being inhaled and
warm air being exhaled. Its effectiveness can be demonstrated by putting the hand in
front of the face and exhaling, first through the nose and then through the mouth. Air
exhaled through the nose is substantially cooler.| 4][3 ] This effect can be enhanced
with clothing, by, for example, wearing a scarf over the face while breathing in cold
weather.

In species that have external testes (such as human), the artery to the testis is
surrounded by a mesh of veins called the pampiniform plexus. This cools the blood
heading to the testes, while reheating the returning blood.

Birds, fish, marine mammals

Counter-current exchange conservation circuit
Further information: Counter-current exchange in biological systems

"Countercurrent” heat exchangers occur naturally in the circulatory systems of fish,
whales and other marine mammals. Arteries to the skin carrying warm blood are
intertwined with veins from the skin carrying cold blood, causing the warm arterial blood



to exchange heat with the cold venous blood. This reduces the overall heat loss in cold
water. Heat exchangers are also present in the tongues of baleen whales as large
volumes of water flow through their mouths. [ ][ ] Wading birds use a similar system
to limit heat losses from their body through their legs into the water.

Carotid rete

[edit]

Carotid rete is a counter-current heat exchanging organ in some ungulates. The blood
ascending the carotid arteries on its way to the brain, flows via a network of vessels
where heat is discharged to the veins of cooler blood descending from the nasal
passages. The carotid rete allows Thomson's gazelle to maintain its brain almost 3 °C
(5.4 °F) cooler than the rest of the body, and therefore aids in tolerating bursts in
metabolic heat production such as associated with outrunning cheetahs (during which
the body temperature exceeds the maximum temperature at which the brain could
function).[ 8] Humans with other primates lack a carotid rete.| 9]

In industry
[edit]

Heat exchangers are widely used in industry both for cooling and heating large scale
industrial processes. The type and size of heat exchanger used can be tailored to suit a
process depending on the type of fluid, its phase, temperature, density, viscosity,
pressures, chemical composition and various other thermodynamic properties.

In many industrial processes there is waste of energy or a heat stream that is being
exhausted, heat exchangers can be used to recover this heat and put it to use by
heating a different stream in the process. This practice saves a lot of money in industry,
as the heat supplied to other streams from the heat exchangers would otherwise come
from an external source that is more expensive and more harmful to the environment.

Heat exchangers are used in many industries, including:

Waste water treatment
Refrigeration

Wine and beer making
Petroleum refining
Nuclear power
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In waste water treatment, heat exchangers play a vital role in maintaining optimal
temperatures within anaerobic digesters to promote the growth of microbes that remove
pollutants. Common types of heat exchangers used in this application are the double
pipe heat exchanger as well as the plate and frame heat exchanger.

In aircraft
[edit]

In commercial aircraft heat exchangers are used to take heat from the engine's oil
system to heat cold fuel. [ ] This improves fuel efficiency, as well as reduces the
possibility of water entrapped in the fuel freezing in components.[41]

Current market and forecast
[edit]

Estimated at US$17.5 billion in 2021, the global demand of heat exchangers is expected
to experience robust growth of about 5% annually over the next years. The market value
is expected to reach US$27 billion by 2030. With an expanding desire for
environmentally friendly options and increased development of offices, retail sectors,
and public buildings, market expansion is due to grow. [ ]

A model of a simple heat exchanger
[edit]

A simple heat exchange [43][44] might be thought of as two straight pipes with fluid flow,

which are thermally connected. Let the pipes be of equal length L, carrying fluids with

heat capacity \isHagstiger upitunass per unit change in temperature) and let the

mass flow rate of the fluids through the pipes, both in the same direction, be \digmapstyleiud unkno
per unit time), where the subscript i applies to pipe 1 or pipe 2.

Temperature profiles for the pipes are \displaaSdisnldgehdee ik A0%e distance along
the pipe. Assume a steady state, so that the temperature profiles are not functions of
time. Assume also that the only transfer of heat from a small volume of fluid in one pipe
is to the fluid element in the other pipe at the same position, i.e., there is no transfer of
heat along a pipe due to temperature differences in that pipe. By Newton's law of
cooling the rate of change in energy of a small volume of fluid is proportional to the
difference in temperatures between it and the corresponding element in the other pipe:

\displaystyle \frac du_1dt=\gamma (T_2-T_1)

Image not found or type unknown



\displaystyle \frac du_2dt=\gamma (T_1-T_2)

Image not found or type unknown

( this is for parallel flow in the same direction and opposite temperature gradients, but for
counter-flow heat exchange countercurrent exchange the sign is opposite in the second

equation in front of \isRlaystyle joamena ([ishidkhie sdffal-energy per unit length and
? is the thermal connection constant per unit length between the two pipes. This change
in internal energy results in a change in the temperature of the fluid element. The time
rate of change for the fluid element being carried along by the flow is:

\displaystyle \frac du_1dt=J_1\frac dT_1dx

Image not found or type unknown

\displaystyle \frac du_2dt=J 2\frac dT_2dx

Image not found or type unknown

where \displaystylésthis@Ghiérinal mass flow rate”. The differential equations governing
the heat exchanger may now be written as:

\displaystyle J_1\frac \partial T_1\partial x=\gamma (T_2-T_1)

Image not found or type unknown

\displaystyle J_2\frac \partial T_2\partial x=\gamma (T_1-T_2).

Image not found or type unknown

Since the system is in a steady state, there are no partial derivatives of temperature with
respect to time, and since there is no heat transfer along the pipe, there are no second
derivatives in x as is found in the heat equation. These two coupled first-order
differential equations may be solved to yield:

\displaystyle T_1=A-\frac Bk_1k\,e”-kx

Image not found or type unknown

\displaystyle T_2=A+\frac Bk_2k\,e”-kx

Image not found or type unknown
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where Misplaystyle,
\displaystylek=ku ik _2

(this is for parallel-flow, but for counter-flow the sign in front of \disislaggfatads. 2o that if
\displayshyfte kh@sknde "thermal mass flow rate" in both opposite directions, the gradient
of temperature is constant and the temperatures linear in position x with a constant
difference Mé&l@%ﬁﬂ%ﬂl@%ﬁ&&(changer, explaining why the counter current design
countercurrent exchange is the most efficient )



and A and B are two as yet undetermined constants of integration. Let \disiagststiegbayisiyle. f. -
the temperatures at x=0 and let \dispimsivlsdmltndechn@ératures at the end of the pipe
at x=L. Define the average temperatures in each pipe as:

\displaystyle \overline T_1=\frac 1L\int _O"LT_1(x)dx

Image not found or type unknown

\displaystyle \overline T_2=\frac 1L\int _O~LT_2(x)dx.

Image not found or type unknown

Using the solutions above, these temperatures are:

\displaystyle T_10=A-\frac Bk_1k \displaystyle T_20=A+\frac Bk_2k
Image not found or type unknown Image not found or type unknown

\displaystyle T_1L=A-\frac Bk_1ke"\dikplaystyle T_2L=A+\frac Bk_2ke"-kL

(Gisplaystyie(Gvatine T_1=A-\frac W{ﬁrﬁwﬁﬂ?ﬁ%‘ﬁ-f{lﬁ'}@”

\diSplaystyle \overline T_2=A+\frac Bk_2k"2L(1-e’
Image not found or type unknown

Image not found or type unknown

Choosing any two of the temperatures above eliminates the constants of integration,
letting us find the other four temperatures. We find the total energy transferred by
integrating the expressions for the time rate of change of internal energy per unit length:

\displaystyle \frac dU_1dt=\int _0”L\frac du_21dt\,dx=J_1(T_1L-T_10)=\gamma L(\overline 1

Image not found or type unknown

\displaystyle \frac dU_2dt=\int _0”L\frac du_2dt\,dx=J_2(T_2L-T_20)=\gamma L(\overline 1

Image not found or type unknown

I%y the conservation of energy, the sum of the two energies is zero. The quantity
\ |spla}/stxle \overline T_2-\0verline T_1

Image not istknown as the Log mean Temperature difference, and is a measure of the
effectiveness of the heat exchanger in transferring heat energy.

See also

[edit]
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Architectural engineering
Chemical engineering
Cooling tower

Copper in heat exchangers
Heat pipe

Heat pump

Heat recovery ventilation
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Jacketed vessel

Log mean temperature difference (LMTD)
Marine heat exchangers

Mechanical engineering

Micro heat exchanger

Moving bed heat exchanger

Packed bed and in particular Packed columns
Pumpable ice technology

Reboiler

Recuperator, or cross plate heat exchanger
Regenerator

Run around coil

Steam generator (nuclear power)

Surface condenser

Toroidal expansion joint

Thermosiphon

Thermal wheel, or rotary heat exchanger (including enthalpy wheel and desiccant
wheel)

Tube tool

Waste heat
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Building envelope
Convection

Dilution

Domestic energy consumption
Enthalpy

Fluid dynamics

Gas compressor

Heat pump and refrigeration cycle
Heat transfer

Humidity

Infiltration

Latent heat

Noise control
Outgassing
Particulates
Psychrometrics
Sensible heat

Stack effect

Thermal comfort
Thermal destratification
Thermal mass
Thermodynamics

o Vapour pressure of water



Technology

o Absorption-compression heat pump
o Absorption refrigerator
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o Air conditioning
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Building insulation materials
Central heating

Central solar heating

Chilled beam

Chilled water

Constant air volume (CAV)
Coolant

Cross ventilation

Dedicated outdoor air system (DOAS)
Deep water source cooling
Demand controlled ventilation (DCV)
Displacement ventilation
District cooling

District heating

Electric heating

Energy recovery ventilation (ERV)
Firestop

Forced-air

Forced-air gas

Free cooling

Heat recovery ventilation (HRV)
Hybrid heat

Hydronics

Ice storage air conditioning
Kitchen ventilation

Mixed-mode ventilation
Microgeneration

Passive cooling

Passive daytime radiative cooling
Passive house

Passive ventilation

Radiant heating and cooling
Radiant cooling

Radiant heating

Radon mitigation

Refrigeration

Renewable heat

Room air distribution

Solar air heat

Solar combisystem

Solar cooling
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o Air conditioner inverter
o Air door

o Air filter

o Air handler

o Air ionizer

o Air-mixing plenum
o Air purifier

o Air source heat pump
o Attic fan
Automatic balancing valve
Back boiler

Barrier pipe

Blast damper
Boiler

Centrifugal fan
Ceramic heater
Chiller
Condensate pump
Condenser
Condensing boiler
Convection heater
Compressor
Cooling tower
Damper
Dehumidifier

Duct

Economizer
Electrostatic precipitator
Evaporative cooler
Evaporator
Exhaust hood
Expansion tank
Fan

Fan colil unit

Fan filter unit

Fan heater

Fire damper
Fireplace
Fireplace insert
Freeze stat

Flue

Freon

Fume hood
Furnace

Gas compressor
Gas heater
Gasoline heater
Grease duct
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Air flow meter

Aguastat

BACnet

Blower door

Building automation

Carbon dioxide sensor

Clean air delivery rate (CADR)

Control valve

Gas detector

Home energy monitor

Humidistat

HVAC control system

Infrared thermometer

Intelligent buildings

LonWorks

Minimum efficiency reporting value (MERV)
Normal temperature and pressure (NTP)
OpenTherm

Programmable communicating thermostat
Programmable thermostat
Psychrometrics

Room temperature

Smart thermostat

Standard temperature and pressure (STP)
Thermographic camera

Thermostat

Thermostatic radiator valve

Architectural acoustics

Architectural engineering

Architectural technologist

Building services engineering

Building information modeling (BIM)
Deep energy retrofit

Duct cleaning

Duct leakage testing

Environmental engineering

Hydronic balancing

Kitchen exhaust cleaning

Mechanical engineering

Mechanical, electrical, and plumbing
Mold growth, assessment, and remediation
Refrigerant reclamation

Testing, adjusting, balancing
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o ASHRAE

o ASTM International
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LEED

SMACNA
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Passive smoking

Sick building syndrome (SBS)
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ASHRAE Handbook
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See also

About Heat pump

This article is about devices used to heat and potentially also cool a building (or water)
using the refrigeration cycle. For more about the theory, see Heat pump and
refrigeration cycle. For details of the most common type, see air source heat pump. For
a similar device for cooling only, see air conditioner. For heat pumps used to keep food
cool, see refrigerator. For other uses, see Heat pump (disambiguation).



External heat exchanger of an air-source heat pump for both heating and
cooling

Mitsubishi heat pump interior air handler wall unit
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Energy conservation
Arcology
Building insulation
Cogeneration
Compact fluorescent lamp
Eco hotel
Eco-cities
Ecohouse
Ecolabel
Efficient energy use
Energy audit

Energy efficiency implementation

Energy recovery

Energy recycling

Energy saving lamp
Energy Star

Energy storage
Environmental planning
Environmental technology
Fossil fuel phase-out
Glass in green buildings
Green building and wood
Green building

Heat pump

List of low-energy building
techniques

Low-energy house
Microgeneration

Passive house

Passive solar building design
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Thermal energy storage
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Zero heating building
Zero-energy building



Renewable energy

o Biofuel

o Sustainable
Biogas
Biomass
Carbon-neutral fuel
Geothermal energy
Geothermal power
Geothermal heating
Hydropower
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o Green vehicle
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o Solar vehicle
o Wind-powered vehicle
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A heat pump is a device that consumes energy (usually electricity) to transfer heat from
a cold heat sink to a hot heat sink. Specifically, the heat pump transfers thermal energy
using a refrigeration cycle, cooling the cool space and warming the warm space.[l] In
cold weather, a heat pump can move heat from the cool outdoors to warm a house (e.g.
winter); the pump may also be designed to move heat from the house to the warmer
outdoors in warm weather (e.g. summer). As they transfer heat rather than generating
heat, they are more energy-efficient than other ways of heating or cooling a home.[2]



A gaseous refrigerant is compressed so its pressure and temperature rise. When
operating as a heater in cold weather, the warmed gas flows to a heat exchanger in the
indoor space where some of its thermal energy is transferred to that indoor space,
causing the gas to condense to its liquid state. The liquified refrigerant flows to a heat
exchanger in the outdoor space where the pressure falls, the liquid evaporates and the
temperature of the gas falls. It is now colder than the temperature of the outdoor space
being used as a heat source. It can again take up energy from the heat source, be
compressed and repeat the cycle.

Air source heat pumps are the most common models, while other types include ground
source heat pumps, water source heat pumps and exhaust air heat pumps.[3] Large-
scale heat pumps are also used in district heating systems.[4]

The efficiency of a heat pump is expressed as a coefficient of performance (COP), or
seasonal coefficient of performance (SCOP). The higher the number, the more efficient
a heat pump is. For example, an air-to-water heat pump that produces 6kW at a SCOP
of 4.62 will give over 4kW of energy into a heating system for every kilowatt of energy
that the heat pump uses itself to operate. When used for space heating, heat pumps are
typically more energy-efficient than electric resistance and other heaters.

Because of their high efficiency and the increasing share of fossil-free sources in
electrical grids, heat pumps are playing a role in chmate change mitigation. [ ][ ]
Consuming 1 kWh of electricity, they can transfer 1[ ] to 4.5 kWh of thermal energy into
a building. The carbon footprint of heat pumps depends on how electricity is generated,
but they usually reduce emissions.[®] Heat pumps could satisfy over 80% of global
space and water heating needs with a lower carbon footprint than gas-fired condensing
boilers: however, in 2021 they only met 10%. [ ]

Principle of operation

[edit]

A: indoor compartment, B: outdoor compartment, I: insulation, 1: condenser,
2: expansion valve, 3: evaporator, 4. compressor

Main articles: Heat pump and refrigeration cycle and Vapor-compression refrigeration



Heat flows spontaneously from a region of higher temperature to a region of lower
temperature. Heat does not flow spontaneously from lower temperature to higher, but it
can be made to flow in this direction if work is performed. The work required to transfer a
given amount of heat is usually much less than the amount of heat; this is the motivation
for using heat pumps in applications such as the heating of water and the interior of
buildings.[°]

The amount of work required to drive an amount of heat Q from a lower-temperature

reservoir sUghsamaapiie Ntk i a)WaAgrEReessature reservoir such as the interior of a
bUIIdlng iS: Image not found or ty%%?@m

o \dislalystylerkperformed on the working fluid by the heat pump's compressor.

o \diselhgshdat@ransferred from the lower-temperature reservoir to the higher-
temperature reservoir.

o \displaigstiykeilmathiam&€0P coefficient of performance for the heat pump at the
temperatures prevailing in the reservoirs at one instant.

The coefficient of performance of a heat pump is greater than one so the work required
Is less than the heat transferred, making a heat pump a more efficient form of heating
than electrical resistance heating. As the temperature of the higher-temperature
reservoir increases in response to the heat flowing into it, the coefficient of performance
decreases, causin% an increasing amount of work to be required for each unit of heat
being transferred.[”]

The coefficient of performance, and the work required by a heat pump can be calculated
easily by considering an ideal heat pump operating on the reversed Carnot cycle:

o If the low-temperature reservoir is at a temperature of 270 K (?3 °C) and the
interior of the building is at 280 K (7 °C) the relevant coefficient of performance is
27. This means only 1 joule of work is required to transfer 27 joules of heat from a
reservoir at 270 K to another at 280 K. The one joule of work ultimately ends up as
thermal energy in the interior of the building so for each 27 joules of heat that are
removed from the low-temperature reservoir, 28 joules of heat are added to the
building interior, making the heat pump even more attractive from an efficiency
perspective.[10t€ 1]

o As the temperature of the interior of the building rises progressively to 300 K
(27 °C) the coefficient of performance falls progressively to 9. This means each
joule of work is responsible for transferring 9 joules of heat out of the low-
temperature reservoir and into the building. Again, the 1 joule of work ultimately
ends up as thermal energy in the interior of the building so 10 joules of heat are
added to the building interior.[0t€ 2]



This is the theoretical amount of heat pumped but in practice it will be less for various
reasons, for example if the outside unit has been installed where there is not enough
airflow. More data sharing with owners and academlcs—perhaps from heat
meters—could improve efficiency in the long run. [ ]

History
[edit]
Milestones:

1748
William Cullen demonstrates artificial refrigeration.[
1834
Jacob Perkins patents a design for a practical refrigerator using dimethyl ether.[13]
1852
Lord Kelvin describes the theory underlying heat pumps.[14]
1855-1857
Peter von Rittinger develops and builds the first heat pump.[15]
1877
In the period before 1875, heat pumps were for the time being pursued for vapour
compression evaporation (open heat pump process) in salt works with their
obvious advantages for saving wood and coal. In 1857, Peter von Rittinger was the
first to try to implement the idea of vapor compression in a small pilot plant.
Presumably inspired by Rittinger's experiments in Ebensee, Antoine-Paul Piccard
from the University of Lausanne and the engineer J. H. Weibel from the
Weibel-Briquet company in Geneva built the world's first really functioning vapor
compression system with a two-stage piston compressor In 1877 this first heat
pump in Switzerland was installed in the Bex salt works. [ ][ ]
1928
Aurel Stodola constructs a closed-loop heat pump (water source from Lake
Geneva) which provides heating for the Geneva city hall to this day. [ ]
1937-1945
During the First World War fuel prices were very high in Switzerland but it had
plenty of hydropower. [ ]
AfE'ATaE™AfAE Ata,~4,CAfAE Ata A AfACACAESA-ACAEZACAS A ATAE™AFACACAE:
In the period before and especially during the Second World War, when neutral
Switzerland was completely surrounded by fascist-ruled countries, the coal
shortage became alarming again. Thanks to their leading position in energy
technology, the Swiss companies Sulzer, Escher Wyss and Brown Boveri built and
put in operation around 35 heat pumps between 1937 and 1945. The main heat
sources were lake water, river water, groundwater, and waste heat. Particularly
noteworthy are the six historic heat pumps from the city of Zurich with heat outputs
from 100 kW to 6 MW. An international milestone is the heat pump built by Escher

12]



Wyss in 1937/38 to replace the wood stoves in the City Hall of Zurich. To avoid
noise and vibrations, a recently developed rotary piston compressor was used.
This historic heat pump heated the town hall for 63 years until 2001. Only then was
it replaced by a new, more efficient heat pump. [ ]

1945
John Sumner, City Electrical Engineer for Norwich, installs an experimental water-
source heat pump fed central heating system, using a nearby river to heat new
Council administrative buildings. It had a seasonal eff|C|ency ratio of 3.42, average
thermal delivery of 147 kW, and peak output of 234 kW. [ ]

1948
Robert C. Webber is credited as developing and building the first ground-source
heat pump. [ ]

1951
First large scale installation—the Royal Festival Hall in London is opened with a
town gas-powered reversible water-source heat pump, fed by the Thames, for both
winter heating and summer cooling needs. [ ]

2019
The Kigali Amendment to phase out harmful refrigerants takes effect.

Types
[edit]

Air-source

[edit]
This section is an excerpt from Air source heat pump.[edit]

Heat pump on balcony of apartment

An air source heat pump (ASHP) is a heat pump that can absorb heat from air outside a
building and release it inside; it uses the same vapor-compression refrigeration process



and much the same equipment as an air conditioner, but in the opposite direction.
ASHPs are the most common type of heat pump and, usually being smaller, tend to be
used to heat individual houses or flats rather than blocks, districts or industrial
processes.[zo][21]

Air-to-air heat pumps provide hot or cold air directly to rooms, but do not usually provide
hot water. Air-to-water heat pumps use radiators or underfloor heating to heat a whole
house and are often also used to provide domestic hot water.

An ASHP can typically gain 4 kWh thermal energy from 1 kWh electric energy. They are
optimized for flow temperatures between 30 and 40 °C (86 and 104 °F), suitable for

buildings with heat emitters sized for low flow temperatures. With losses in efficiency, an
ASHP can even provide full central heating with a flow temperature up to 80 °C (176 °F).

[22]

As of 2023 about 10% of building heating worldwide is from ASHPs. They are the main
way to phase out gas boilers %also known as "furnaces") from houses, to avoid their
greenhouse gas emissions. [

Air-source heat pumps are used to move heat between two heat exchangers, one
outside the building which is fitted with fins through which air is forced using a fan and
the other which either directly heats the air inside the building or heats water which is
then circulated around the building through radiators or underfloor heating which
releases the heat to the building. These devices can also operate in a cooling mode
where they extract heat via the internal heat exchanger and eject it into the ambient air
using the external heat exchanger. Some can be used to heat water for washing which
is stored in a domestic hot water tank. [ ]

Air-source heat pumps are relatively easy and inexpensive to install, so are the most
widely used type. In mild weather, coefficient of performance (COP) may be between 2
and 5, while at temperatures below around ?8 °C (18 °F) an air-source heat pump may
still achieve a COP of 1 to 4. [ ]

While older air-source heat pumps performed relatively poorly at low temperatures and
were better suited for warm climates, newer models with variable-speed compressors
remain highly efficient in freezing conditions allowing for W|de adoption and cost savings
in places like Minnesota and Maine in the United States. [ ]

Ground source

[edit]

This section is an excerpt from Ground source heat pump.[edit]



A heat pump in combination with heat and cold storage

A ground source heat pump (also geothermal heat pump) is a heating/cooling system for
buildings that use a type of heat pump to transfer heat to or from the ground, taking
advantage of the relative constancy of temperatures of the earth through the seasons.
Ground-source heat pumps (GSHPs) — or geothermal heat pumps (GHP), as they are
commonly termed in North America — are among the most energy-efficient technologies
for providing HVAC and water heating, using far less energy than can be achieved by
burning a fuel in a boiler/furnace or by use of resistive electric heaters.

Efficiency is given as a coefficient of performance (CoP) which is typically in the range 3
— 6, meaning that the devices provide 3 — 6 units of heat for each unit of electricity used.
Setup costs are higher than for other heating systems, due to the requirement to install
ground loops over large areas or to drill bore holes, and for this reason, ground source is
often suitable when new blocks of flats are built.[27] Otherwise air-source heat pumps
are often used instead.

Heat recovery ventilation

[edit]
Main article: Heat recovery ventilation

Exhaust air heat pumps extract heat from the exhaust air of a building and require
mechanical ventilation. Two classes exist:

o Exhaust air-air heat pumps transfer heat to intake air.
o Exhaust air-water heat pumps transfer heat to a heating circuit that includes a tank
of domestic hot water.



Solar-assisted

[edit]

This section is an excerpt from Solar-assisted heat pump.[edit]

Hybrid photovoltaic-thermal solar panels of a SAHP in an experimental
installation at Department of Energy at Polytechnic of Milan

A solar-assisted heat pump (SAHP) is a machine that combines a heat pump and
thermal solar panels and/or PV solar panels in a single integrated system.[28] Typically
these two technologies are used separately (or only placing them in parallel) to produce
hot water.[29] In this system the solar thermal panel performs the function of the low
temperature heat source and the heat produced is used to feed the heat pump's
evaporator.[go] The goal of this system is to get high coefficient of performance (COP)
and then produce energy in a more efficient and less expensive way.

It is possible to use any type of solar thermal panel (sheet and tubes, roll-bond, heat
pipe, thermal plates) or hybrid (mono/polycrystalline, thin film) in combination with the
heat pump. The use of a hybrid panel is preferable because it allows covering a part of
the electricity demand of the heat pump and reduce the power consumption and
consequently the variable costs of the system.

Water-source

[edit]



Water-source heat exchanger being installed

A water-source heat pump works in a similar manner to a ground-source heat pump,
except that it takes heat from a body of water rather than the ground. The body of water
does, however, need to be large enough to be able to W|thstand the cooling effect of the
unit without freezing or creating an adverse effect for wildlife. [ ] The Iar est water-
source heat pump was installed in the Danish town of Esbjerg in 2023. [ ][ ]

Others

[edit]

A thermoacoustic heat pump operates as a thermoacoustic heat engine without
refrigerant but instead uses a standing wave in a sealed chamber driven by a
loudspeaker to achieve a temperature difference across the chamber. [3 ]

Electrocaloric heat pumps are solid state.[35]

Applications
[edit]

The International Energy Agency estimated that, as of 2021, heat pumps installed in
buildings have a combined capacity of more than 1000 GW. [4] They are used for
heating, ventilation, and air cond|t|0n|ng (HVAC) and may also provide domestic hot
water and tumble clothes drymgé ] The purchase costs are supported in various
countries by consumer rebates. [



Space heating and sometimes also cooling

[edit]

In HVAC applications, a heat pump is typically a vapor-compression refrigeration device
that includes a reversing valve and optimized heat exchangers so that the direction of
heat flow (thermal energy movement) may be reversed. The reversing valve switches
the direction of refrigerant through the cycle and therefore the heat pump may deliver
either heating or cooling to a building.

Because the two heat exchangers, the condenser and evaporator, must swap functions,
they are optimized to perform adequately in both modes. Therefore, the Seasonal
Energy Efficiency Rating (SEER in the US) or European seasonal energy efficiency ratio
of a reversible heat pump is typically slightly less than those of two separately optimized
machines. For equipment to receive the US Energy Star rating, it must have a rating of
at least 14 SEER. Pumps with ratings of 18 SEER or above are considered highlg/
efficient. The highest efficiency heat pumps manufactured are up to 24 SEER.[3 ]

Heating seasonal performance factor (in the US) or Seasonal Performance Factor (in
Europe) are ratings of heating performance. The SPF is Total heat output per annum /
Total glgectricity consumed per annum in other words the average heating COP over the
year.[Z]

Window mounted heat pump

[edit]

Saddle-style window mounted heat pump 3D sketch



Window mounted heat pumps run on standard 120v AC outlets and provide heating,
cooling, and humidity control. They are more efficient with lower noise levels,
condensation management, and a smaller footprint than window mounted air
conditioners that just do cooling. [ ]

Water heating

[edit]

In water heating applications, heat pumps may be used to heat or preheat water for
swimming pools, homes or industry. Usually heat is extracted from outdoor air and
transferred to an indoor water tank. [ ][ ]

District heating

[edit]

Large (megawatt-scale) heat pumps are used for dlstrlct heating. [43] However as of
2022 about 90% of district heat is from fossil fuels. [ ] In Europe, heat pumps account
for a mere 1% of heat supply in district heating networks but several countries have
targets to decarbonise their networks between 2030 and 2040. [ ] Possible sources of
heat for such applications are sewage water, ambient water (e.g. sea, lake and river
water), industrial waste heat, geothermal energy, flue gas, Waste heat from district
cooling and heat from solar seasonal thermal energy storage. [ ] Large-scale heat
pumps for district heating combined with thermal energy storage offer high flexibility for
the integration of variable renewable energy. Therefore, they are re arded as a key
technology for limiting climate change by phasing out fossil fuels. [ 4{ ] They are also
a crucial element of systems which can both heat and cool districts.[™ ']

Industrial heating

[edit]

There is great potential to reduce the energy consumption and related greenhouse gas
em|SS|ons |n industry by application of industrial heat pumps, for example for process
heat. [4 ][ ] Short payback periods of less than 2 years are possible, while achieving a



high reduction of CO, emissions (in some cases more than 50%). [50][51] Industrial heat
pumps can heat up to 200 °C, and can meet the heating demands of many light
industries. [ ][ ] In Europe alone, 15 GW of heat pumps could be installed in 3,000
facilities in the paper, food and chemicals industries. [ ]

Performance

[edit]
Main article: Coefficient of performance

The performance of a heat pump is determined by the ability of the pump to extract heat
from a low temperature envrronment (the source) and deliver it to a higher temperature
environment (the sink). [ ] Performance varies, depending on installation details,
temperature differences, site elevation, location on site, pipe runs, flow rates, and
maintenance.

In general, heat pumps work most efficiently (that is, the heat output produced for a
given energy input) when the difference between the heat source and the heat sink is
small. When using a heat pump for space or water heating, therefore, the heat pump will
be most efficient in mild conditions, and decline in efficiency on very cold days.
Performance metrics supplied to consumers attempt to take this variation into account.

Common performance metrics are the SEER (in cooling mode) and seasonal coefficient
of performance (SCOP) (commonly used just for heating), although SCOP can be used
for both modes of operation.[54] Larger values of either metric indicate better
performance.[°~] When comparing the performance of heat pumps, the term
performance is preferred to efficiency, with coefficient of performance (COP) being used
to describe the ratio of useful heat movement per work input. [ ] An electrical resistance
heater has a COP of 1.0, which is considerably lower than a well-designed heat pump
which will typically have a COP of 3 to 5 with an external temperature of 10 °C and an
internal temperature of 20 °C. Because the ground is a constant temperature source, a
ground-source heat pump is not subjected to large temperature fluctuations, and
therefore is the most energy-efficient type of heat pump. [ ]

The "seasonal coefficient of performance" (SCOP) is a measure of the aggregate
energy efflcrency measure over a period of one year which is dependent on regional
climate. [ ] One framework for this calculation is given by the Commission Regulation
(EU) No. 813/2013. [ ]

A heat pump's operating performance in cooling mode is characterized in the US by
either its energy efficiency ratio (EER) or seasonal energy efficiency ratio (SEER), both
of which have units of BTU/(h-W) (note that 1 BTU/(h-W) = 0.293 W/W) and larger
values indicate better performance.

COP variation with output temperature
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Carbon footprint

[edit]

The carbon footprint of heat pumps depends on their individual efficiency and how
electricity is produced. An increasing share of low-carbon energy sources such as wind
and solar will lower the impact on the climate.

: emissions of . resulting emissions
heating system efficiency
energy source for thermal energy

heat pump with
onshore wind power

heat pump with global 436 gCOzlkWh[Go]
electricity mix (2022)

11 gCOL/kWh[®9] 400% (COP=4) 3 gCO,/kWh

400% (COP=4) 109 gCO,/kWh



natural-gas thermal 617 onop[mitat
(high efficiency) 201 gCO»/kWh[®+] 90%lcitation neededb3 gCO»/kWh

heat pump
electricity by lignite (old (13%21 gCOo/KWh[ 300% (COP=3) 407 gCO,/kWh
power plant) ]

and low performance

In most settings, heat pumps will reduce CO5 emissions compared to heating systems
powered by fossil fuels. [ ] In regions accounting for 70% of world energy consumption,
the emissions savings of heat pumps compared with a high-efficiency gas boiler are on
average above 45% and reach 80% in countries with cleaner electricity mixes.[4] These
values can be improved by 10 percentage points, respectively, with alternative
refrigerants. In the United States, 70% of houses could reduce emissions by installing a
heat pump. [ ][ ] The rising share of renewable electricity generation in many countries
Is set to increase the emissions savings from heat pumps over time.[]

Heating systems powered by green hydrogen are also low-carbon and may become
competitors, but are much less efficient due to the energy loss associated with hydrogen
conversion, transport and use. In addltlon not enough green hydrogen is expected to be
available before the 2030s or 2040s. [ ][ ]

Operation

[edit]
See also: Vapor-compression refrigeration

This section needs additional citations for verification. Please help improve
eovIotHig diticte’ by adding citations to reliable sources in this section. Unsourced
material may be challenged and removed. (May 2021) (Learn how and when to
remove this message)




Figure 2: Temperature—entropy diagram of the vapor-compression cycle

An internal view of the outdoor unit of an Ecodan air source heat pump
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Large heat pump
setup for a
commercial building



Wiring and
connections to a
central air unit
inside

Vapor-compression uses a circulating refrigerant as the medium which absorbs heat
from one space, compresses it thereby increasing its temperature before releasing it in
another space. The system normally has eight main components: a compressor, a
reservoir, a reversing valve which selects between heating and cooling mode, two
thermal expansion valves (one used when in heating mode and the other when used in
cooling mode) and two heat exchangers, one associated with the external heat
source/sink and the other with the interior. In heating mode the external heat exchanger
is the evaporator and the internal one being the condenser; in cooling mode the roles
are reversed.

Circulating refrigerant enters the compressor in the thermodynamic state known as a
saturated vapor[66] and is compressed to a higher pressure, resulting in a higher
temperature as well. The hot, compressed vapor is then in the thermodynamic state
known as a superheated vapor and it is at a temperature and pressure at which it can be
condensed with either cooling water or cooling air flowing across the coil or tubes. In
heating mode this heat is used to heat the building using the internal heat exchanger,
and in cooling mode this heat is rejected via the external heat exchanger.

The condensed, liquid refrigerant, in the thermodynamic state known as a saturated
liquid, is next routed through an expansion valve where it undergoes an abrupt reduction
in pressure. That pressure reduction results in the adiabatic flash evaporation of a part
of the liquid refrigerant. The auto-refrigeration effect of the adiabatic flash evaporation
lowers the temperature of the liquid and-vapor refrigerant mixture to where it is colder
than the temperature of the enclosed space to be refrigerated.

The cold mixture is then routed through the coil or tubes in the evaporator. A fan
circulates the warm air in the enclosed space across the coil or tubes carrying the cold
refrigerant liquid and vapor mixture. That warm air evaporates the liquid part of the cold
refrigerant mixture. At the same time, the circulating air is cooled and thus lowers the
temperature of the enclosed space to the desired temperature. The evaporator is where
the circulating refrigerant absorbs and removes heat which is subsequently rejected in



the condenser and transferred elsewhere by the water or air used in the condenser.

To complete the refrigeration cycle, the refrigerant vapor from the evaporator is again a
saturated vapor and is routed back into the compressor.

Over time, the evaporator may collect ice or water from ambient humidity. The ice is
melted through defrosting cycle. An internal heat exchanger is either used to heat/cool
the interior air directly or to heat water that is then circulated through radiators or
underfloor heating circuit to either heat or cool the buildings.

Improvement of coefficient of performance by
subcooling

[edit]
Main article: Subcooling

Heat input can be improved if the refrigerant enters the evaporator with a lower vapor
content. This can be achieved by cooling the liquid refrigerant after condensation. The
gaseous refrigerant condenses on the heat exchange surface of the condenser. To
achieve a heat flow from the gaseous flow center to the wall of the condenser, the
temperature of the liquid refrigerant must be lower than the condensation temperature.

Additional subcooling can be achieved by heat exchange between relatively warm liquid
refrigerant leaving the condenser and the cooler refrigerant vapor emerging from the
evaporator. The enthalpy difference required for the subcooling leads to the
superheating of the vapor drawn into the compressor. When the increase in cooling
achieved by subcooling is greater that the compressor drive input required to overcome
the additional gressure losses, such a heat exchange improves the coefficient of
performance.[ 7]

One disadvantage of the subcooling of liquids is that the difference between the
condensing temperature and the heat-sink temperature must be larger. This leads to a
moderately high pressure difference between condensing and evaporating pressure,
whereby the compressor energy increases.

Refrigerant choice

[edit]
Main article: Refrigerant



Pure refrigerants can be divided into organic substances (hydrocarbons (HCs),
chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons
(HFCs), hydrofluoroolefins (HFOs), and HCFOs), and inorganic substances (ammonia (
NH

) carbon dioxide (CO

) and water (H

O)[ ]) [69] Their boiling points are usually below ?25 °C. [70]

In the past 200 years, the standards and requirements for new refrigerants have
changed. Nowadays low global warming potential (GWP) is required, in addition to all
the previous requirements for safety, practicality, material compatibility, appropriate
atmospheric life, [clarification needed] and compatibility with high-efficiency products. By
2022, devices using refrigerants with a very low GWP still have a small market share but
are expected to play an increasing role due to enforced regulatlons [ ] as most
countries have now ratified the Kigali Amendment to ban HFCs. [ ] Isobutane (R600A)
and propane (R290) are far less harmful to the environment than conventional
hydrofluorocarbons (HFC) and are already being used in air-source heat pumps. [ ]
Propane may be the most suitable for high temperature heat pumps.[74] Ammonia
(R717) and carbon dioxide (R-744) also have a low GWP. As of 2023 smaller CO

heat pu g)s are not widely available and research and development of them
contlnues [ ] A 2024 report said that refrigerants with GWP are vulnerable to further
international restrictions.[' ]

Until the 1990s, heat pumps, along with fridges and other related products used
chlorofluorocarbons (CFCs) as refrigerants, which caused major damage to the ozone
layer when released into the atmosphere. Use of these chem|cals was banned or
severely restricted by the Montreal Protocol of August 1987. [ ]

Replacements, including R-134a and R-410A, are hydrofluorocarbons (HFC) with similar
thermodynamic pr J/oertles with insignificant ozone depletion potential (ODP) but had
problematlc GWP [ ] HFCs are powerful greenhouse gases which contribute to climate
change. [ ][ ] Dimethyl ether (DME) also gained in popularity as a refrigerant in
combination with R404a.[ 1] More recent refrigerants include difluoromethane (R32)
with a lower GWP, but still over 600.

refrigerant 20-year GWP 100-year GWP

R-290 propane[82] 0.072 0.02
R-600a isobutane 3[83]
R-32[82] 491 136

R-410a[8%] 4705 2285
R-134a[%¥ 4060 1470

R-404a[%4] 7258 4808



Devices with R-290 refrigerant (propane) are expected to play a key role in the future.|
74][85] The 100-year GWP of propane, at 0.02, is extremely low and is approximately
7000 times less than R-32. However, the flammability of propane requires additional
safety measures: the maximum safe charges have been set significantly lower than for
lower flammability refrigerants (é)nly allowing approximately 13.5 times less refrigerant in
the system than R-32).[86][87][ 8] This means that R-290 is not suitable for all situations
or locations. Nonetheless, by 2022, an increasing number of devices with R-290 were
offered for domestic use, especially in Europe.[citation needed!

At the same time,[when?] HFC refrigerants still dominate the market. Recent
government mandates have seen the phase-out of R-22 refrigerant. Replacements such
as R-32 and R-410A are being promoted as environmentally friendly but still have a high
GWP.[89] A heat pump typically uses 3 kg of refrigerant. With R-32 this amount still has
a 20-year impact equivalent to 7 tons of CO», which corresponds to two years of natural
gas heating in an average household. Refrigerants with a high ODP have already been
phased out.lcitation needed!

Government incentives
[edit]

Financial incentives aim to protect consumers from high fossil gas costs and to reduce
greenhouse gas emissions,[go] and are currently available in more than 30 countries
around the world, covering more than 70% of global heating demand in 2021.[4]

Australia

[edit]

Food processors, brewers, petfood producers and other industrial energy users are
exploring whether it is feasible to use renewable energy to produce industrial-grade
heat. Process heating accounts for the largest share of onsite energy use in Australian
manufacturing, with lower-temperature operations like food production particularly well-
suited to transition to renewables.

To help producers understand how they could benefit from making the switch, the
Australian Renewable Energy Agency (ARENA) provided funding to the Australian
Alliance for Energy Productivity (A2EP) to undertake pre-feasibility studies at a range of
sites around Australia, with the most promising locations advancing to full feasibility
studies.[gl]



In an effort to incentivize energy efficiency and reduce environmental impact, the
Australian states of Victoria, New South Wales, and Queensland have implemented
rebate programs targeting the upgrade of existing hot water systems. These programs
specifically encourage the transition from traditional gas or electric systems to heat
pump based systems.[92][93][9419°1196

Canada

[edit]

In 2022, the Canada Greener Homes Grant[97] provides up to $5000 for upgrades
(including certain heat pumps), and $600 for energy efficiency evaluations.

China

[edit]

Purchase subsidies in rural areas in the 2010s reduced burning coal for heating, which
had been causing ill health.[98]

In the 2024 report by the International Energy Agency (IEA) titled "The Future of Heat
Pumps in China," it is highlighted that China, as the world's largest market for heat
pumps in buildings, plays a critical role in the global industry. The country accounts for
over one-quarter of global sales, with a 12% increase in 2023 alone, despite a global
sales dip of 3% the same year.[99]

Heat pumps are now used in approximately 8% of all heating equipment sales for
buildings in China as of 2022, and they are increasingly becoming the norm in central
and southern regions for both heating and cooling. Despite their higher upfront costs
and relatively low awareness, heat pumps are favored for their energy efficiency,
consuming three to five times less energy than electric heaters or fossil fuel-based
solutions. Currently, decentralized heat pumps installed in Chinese buildings represent a
quarter of the global installed capacity, with a total cagacity exceeding 250 GW, which
covers around 4% of the heating needs in buildings.[ 9]

Under the Announced Pledges Scenario (APS), which aligns with China's carbon
neutrality goals, the capacity is expected to reach 1,400 GW by 2050, meeting 25% of
heating needs. This scenario would require an installation of about 100 GW of heat
pumps annually until 2050. Furthermore, the heat pump sector in China employs over



300,000 people, with employment numbers expected to double by 2050, underscoring
the importance of vocational training for industry growth. This robust development in the
heat pump market is set to play a significant role in reducing direct emissions in
buildings b 30% and cutting PM2.5 emissions from residential heating by nearly 80%
by 2030.[99)[100]

European Union

[edit]

To speed up the deployment rate of heat pumps, the Euro ean Commission launched
the Heat Pump Accelerator Platform in November 2024. [ ] It will encourage industry
experts, policymakers, and stakeholders to collaborate, share best practices and ideas,
and jointly discuss measures that promote sustainable heating solutions.[loz]

United Kingdom

[edit]

As of 2022: heat pumps have no Value Added Tax (VAT) although in Northern Ireland
they are taxed at the reduced rate of 5% instead of the usual level of VAT of 20% for
most other products. [ ] As of 2022 the mstallatlon cost of a heat pump is more than a
gas boiler, but with the "Boiler Upgrade Scheme"[ ] government grant and assumlng
electricity/gas costs remain similar their lifetime costs would be similar on average. [
However lifetime cost relative to a gas boiler varies considerably depending on several
factors, such as the quality of the heat pump installation and the tariff used. [ ] In 2024
England was criticised for still allowing new homes to be built with gas boilers, unlike
some other counties where this is banned.| 07]

United States

[edit]
Further information: Environmental policy of the Joe Biden administration and Climate
change in the United States



The High-efficiency Electric Home Rebate Program was created in 2022 to award grants
to State energy offices and Indian Tribes in order to establish state-wide high-efficiency
electric-home rebates. Effective immediately, American households are eligible for a tax
credit to cover the costs of buying and installing a heat pump, up to $2,000. Starting in
2023, low- and moderate-level income households will be eligible for a heat-pump
rebate of up to $8,OOO.[108]

In 2022, more heat pumps were sold in the United States than natural gas furnaces.[109

]

In November 2023 Biden's administration allocated 169 million dollars from the Inflation
Reduction Act to speed up production of heat pumps. It used the Defense Production
Act to do so, because according to the administration, energy that is better for the
climate is also better for national security.[llo]

Notes

[edit]
1. ~ As explained in Coefficient of performance TheoreticalMaxCOP =
(desiredindoorTempC + 273&+ (desiredindoorTempC - outsideTempC) = (7+273)
+ (7 - (-3)) = 280+10 = 28 [10]
2. ™ As explained in Coefficient of performance TheoreticalMaxCOP =
(desiredindoorTempC + 273) + (desiredindoorTempC - outsideTempC) = (27+273)
+ (27 - (-3)) = 300+30 = 10[19]

References

[edit]

1. ~ "Heat Pump Systems". Energy.gov. Retrieved 26 March 2024.

2. ™ "Heat Pump Systems". US Department of Energy. Archived from the original on

27 April 2023. Retrieved 27 April 2023.

3. M "Exhaust air heat pumps". Energy Saving Trust. Retrieved 22 February 2024.

4. "ab cdefghiTechnology Report: The Future of Heat Pumps. International
Energy Agency (Report). November 2022. Archived from the original on 6 January
2023. Retrieved 6 January 2023. License: CC BY 4.0.

AN IPCC AR6 WG3 Ch11 2022, Sec. 11.3.4.1.

AN IPCC SR15 Ch2 2018, p. 142.

7. ™ Everitt, Neil (11 September 2023). "Study proves heat pump efficiency at low
temperatures". Cooling Post. Retrieved 22 January 2024.

8. ™ Deetjen, Thomas A.; Walsh, Liam; Vaishnav, Parth (28 July 2021). "US
residential heat pumps: the private economic potential and its emissions, health,
and grid impacts". Environmental Research Letters. 16 (8): 084024.
Bibcode:2021ERL....16h4024D. doi:10.1088/1748-9326/ac10dc. ISSN 1748-9326.
S2CID 236486619.

o 0



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Nab G. F. C. Rogers and Y. R. Mayhew (1957), Engineering Thermodynamics,
Work and Heat Transfer, Section 13.1, Longmans, Green & Company Limited.

~a b "Is there some theoretical maximum coefficient of performance (COP) for
heat pumps and chillers?". Physics Stack Exchange. Retrieved 22 February 2024.
A Williamson, Chris (13 October 2022). "Heat pumps are great. Let's make them
even better". All you can heat. Retrieved 22 February 2024.

A "The often forgotten Scottish inventor whose innovation changed the world". The
National. 10 April 2022. Retrieved 21 February 2024.

A Bathe, Greville; Bathe, Dorothy (1943). Jacob Perkins, his inventions, his times,
& his contemporaries. The Historical Society of Pennsylvania. p. 149.

N ab c d "History of Heat Pumping Technologies in Switzerland — Texts".
www.aramis.admin.ch. Archived from the original on 23 November 2021. Retrieved
14 September 2023.

A Banks, David L. (6 May 2008). An Introduction to Thermogeology: Ground
Source Heating and Cooling (PDF). Wiley-Blackwell. ISBN 978-1-4051-7061-1.
Archived (PDF) from the original on 20 December 2016. Retrieved 5 March 2014.
A Wirth, E. (1955), Aus der Entwicklungsgeschichte der Warmepumpe,
Schweizerische Bauzeitung (in German), vol. 73, pp. 647—-650, archived from the
original on 20 November 2021, retrieved 20 November 2021

A Randall, lan (31 July 2022). "Heat pumps: The centuries-old system now at the
heart of the Government's energy strategy". Daily Express. Retrieved 16 March
2024.

N a b Electricity supply in the United Kingdom : a chronology — from the beginnings
of the industry to 31 December 1985. The Electricity Council. 1987. ISBN 978-
0851881058. OCLC 17343802.

A Banks, David (August 2012). An Introduction to Thermogeology: Ground Source
Heating and Cooling. John Wiley & Sons. p. 123.

A "Why Britain's homes will need different types of heat pump". The Economist.
ISSN 0013-0613. Retrieved 19 February 2024.

A "What is an Air-Source Heat Pump? A Complete Guide In 2024". NEWNTIDE. 24
October 2024. Retrieved 30 September 2024.

A Le, Khoa; Huang, M.J.; Hewitt, Neil (2018). "Domestic High Temperature Air
Source Heat Pump: Performance Analysis Using TRNSYS Simulations”.
International High Performance Buildings Conference. West Lafayette, IN, USA:
5th International High Performance Buildings Conference at Purdue University: 1.
Retrieved 20 February 2022.

A "Heat pumps show how hard decarbonisation will be". The Economist.

ISSN 0013-0613. Retrieved 14 September 2023.

A Lawrence, Karen. "Air source heat pumps explained"”. Which?. Archived from the
original on 4 October 2022. Retrieved 4 October 2022.

A Canada, Natural Resources (22 April 2009). "Heating and Cooling With a Heat
Pump"”. natural-resources.canada.ca. Retrieved 22 February 2024.

A "Heat pumps do work in the cold — Americans just don't know it yet". Grist. 9 May
2022. Archived from the original on 9 May 2022. Retrieved 9 May 2022.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

A "Heat pumps are hot items. But for people living in condos, getting one presents
some challenges".

A Sezen, Kutbay; Gungor, Afsin (1 January 2023). "Comparison of solar assisted
heat pump systems for heating residences: A review". Solar Energy. 249:
424-445, doi:10.1016/j.solener.2022.11.051. ISSN 0038-092X. "Photovoltaic-
thermal direct expansion solar assisted heat pump (PV/T-DX-SAHP) system
enables to benefit the waste heat for evaporation of refrigerant in PV/T collector-
evaporator, while providing better cooling for PV cells (Yao et al., 2020)."

A "Solar-assisted heat pumps". Archived from the original on 28 February 2020.
Retrieved 21 June 2016.

A "Pompe di calore elio-assistite” (in Italian). Archived from the original on 7
January 2012. Retrieved 21 June 2016.

A Energy Saving Trust (13 February 2019). "Could a water source heat pump work
for you?". Energy Saving Trust. Archived from the original on 4 October 2022.
Retrieved 4 October 2022.

A Baraniuk, Chris (29 May 2023). "The 'exploding' demand for giant heat pumps".
BBC News. Archived from the original on 7 September 2023. Retrieved 19
September 2023.

A Ristau, Oliver (24 July 2022). "Energy transition, the Danish way". DW. Archived
from the original on 9 August 2023. Retrieved 19 September 2023.

A Padavic-Callaghan, Karmela (6 December 2022). "Heat pump uses a
loudspeaker and wet strips of paper to cool air". New Scientist. Archived from the
original on 4 January 2023. Retrieved 4 January 2023.

A Everitt, Neil (14 August 2023). "Scientists claim solid-state heat pump
breakthrough". Cooling Post. Archived from the original on 24 September 2023.
Retrieved 17 September 2023.

A "Heat Pump Systems". U.S. Department of Energy. Archived from the original on
4 July 2017. Retrieved 5 February 2016.

A "Renewable Heat Incentive — Domestic RHI — paid over 7 years". Ground Source
Heat Pump Association. Archived from the original on 8 March 2018. Retrieved 12
March 2017.

A "Heat Pump Efficiency | Heat Pump SEER Ratings". Carrier. Archived from the
original on 14 January 2023. Retrieved 14 January 2023.

A "COP and SPF for Heat Pumps Explained". Green Business Watch UK. 7
November 2019. Retrieved 22 February 2024.

A "Why This Window Heat Pump is Genius — Undecided with Matt Ferrell”. 11 June
2024.

A "How it Works — Heat Pump Water Heaters (HPWHS)". www.energystar.gov.
Retrieved 22 January 2024.

A "Heat-pump hot water systems". Sustainability Victoria. Retrieved 22 January
2024.

A Baraniuk, Chris (29 May 2023). "The 'exploding' demand for giant heat pumps".
BBC News. Archived from the original on 7 September 2023. Retrieved 17
September 2023.



44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

4.

55.

56.

S7.

58.

59.

60.

61.

A "District Heating — Energy System". IEA. Retrieved 22 January 2024.

N a b David, Andrei; et al. (2017). "Heat Roadmap Europe: Large-Scale Electric
Heat Pumps in District Heating Systems". Energies. 10 (4): 578. doi:
10.3390/en10040578.

A Sayegh, M. A.; et al. (2018). "Heat pump placement, connection and operational
modes in European district heating”. Energy and Buildings. 166: 122—-144.
Bibcode:2018EneBu.166..122S. doi:10.1016/].enbuild.2018.02.006. Archived from
the original on 14 December 2019. Retrieved 10 July 2019.

A Buffa, Simone; et al. (2019), "5th generation district heating and cooling systems:
A review of existing cases in Europe”, Renewable and Sustainable Energy
Reviews (in German), vol. 104, pp. 504-522, doi:10.1016/j.rser.2018.12.059

A "Home". Annex 35. Retrieved 22 February 2024.

A "Industrial Heat Pumps: it's time to go electric". World Business Council for
Sustainable Development (WBCSD). Retrieved 22 February 2024.

N JEA HPT TCP Annex 35 Publications Archived 2018-09-21 at the Wayback
Machine

A "Application of Industrial Heat Pumps. Annex 35 two-page summary". HPT —
Heat Pumping Technologies. Retrieved 28 December 2023.

~ "Norwegian Researchers Develop World's Hottest Heat Pump". Ammonia21. 5
August 2021. Archived from the original on 23 May 2022. Retrieved 7 June 2022.
A "Heat pumps are key to helping industry turn electric". World Business Council
for Sustainable Development (WBCSD). Archived from the original on 24
September 2023. Retrieved 4 October 2022.

Nab c d e f"Heating and cooling with a heat pump: Efficiency terminology".
Natural Resources Canada. 8 September 2022. Archived from the original on 3
April 2023. Retrieved 3 April 2023.

A Commission Regulation (EU) No 813/2013 of 2 August 2013 implementing
Directive 2009/125/EC of the European Parliament and of the Council with regard
to ecodesign requirements for space heaters and combination heaters

Nab c d The Canadian Renewable Energy Network '‘Commercial Earth Energy
Systems', Figure 29 Archived 2011-05-11 at the Wayback Machine. . Retrieved
December 8, 2009.

A Technical Institute of Physics and Chemistry, Chinese Academy of Sciences
‘State of the Art of Air-source Heat Pump for Cold Region’, Figure 5 Archived 2016-
04-14 at the Wayback Machine. . Retrieved April 19, 2008.

N a b SINTEF Energy Research 'Integrated CO, Heat Pump Systems for Space
Heating and DHW in low-energy and passive houses', J. Steen, Table 3.1, Table
3.3 Archived 2009-03-18 at the Wayback Machine. . Retrieved April 19, 2008.

A "How Wind Can Help Us Breathe Easier". Energy.gov. Archived from the original
on 28 August 2023. Retrieved 13 September 2023.

A "Global Electricity Review 2023". Ember. 11 April 2023. Archived from the
original on 11 April 2023. Retrieved 13 September 2023.

N a b Quaschning 2022



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

12.

73.

74.

75.

A "The UK is sabotaging its own plan to decarbonize heating". Engadget. 27 May
2021. Archived from the original on 6 June 2021. Retrieved 6 June 2021.

~ Deetjen, Thomas A; Walsh, Liam; Vaishnav, Parth (28 July 2021). "US
residential heat pumps: the private economic potential and its emissions, health,
and grid impacts". Environmental Research Letters. 16 (8): 084024.
Bibcode:2021ERL....16h4024D. doi:10.1088/1748-9326/ac10dc.

S2CID 236486619.

A "Can the UK rely on hydrogen to save its gas boilers?". inews.co.uk. 21 May
2021. Archived from the original on 6 June 2021. Retrieved 6 June 2021.

A |EA (2022), Global Hydrogen Review 2022, IEA, Paris
https://www.iea.org/reports/global-hydrogen-review-2022 Archived 2023-01-10 at
the Wayback Machine , License: CC BY 4.0

A Saturated vapors and saturated liquids are vapors and liquids at their saturation
temperature and saturation pressure. A superheated vapor is at a temperature
higher than the saturation temperature corresponding to its pressure.

A Ludwig von Cube, Hans (1981). Heat Pump Technology. Butterworths.

pp. 22—-23. ISBN 0-408-00497-5. Archived from the original on 3 April 2023.
Retrieved 2 January 2023.

A Chamoun, Marwan; Rulliere, Romuald; Haberschill, Philippe; Berail, Jean
Francois (1 June 2012). "Dynamic model of an industrial heat pump using water as
refrigerant”. International Journal of Refrigeration. 35 (4): 1080-1091.
doi:10.1016/}.ijrefrig.2011.12.007. ISSN 0140-7007.

A Wu, Di (2021). "Vapor compression heat pumps with pure Low-GWP
refrigerants”. Renewable and Sustainable Energy Reviews. 138: 110571.
doi:10.1016/j.rser.2020.110571. ISSN 1364-0321. S2CID 229455137. Archived
from the original on 24 September 2023. Retrieved 17 November 2022.

A "Everything you need to know about the wild world of heat pumps". MIT
Technology Review. Archived from the original on 1 August 2023. Retrieved 19
September 2023.

A Miara, Marek (22 October 2019). "Heat Pumps with Climate-Friendly Refrigerant
Developed for Indoor Installation”. Fraunhofer ISE. Archived from the original on 20
February 2022. Retrieved 21 February 2022.

A Rabe, Barry G. (23 September 2022). "Pivoting from global climate laggard to
leader: Kigali and American HFC policy”. Brookings. Archived from the original on
4 October 2022. Retrieved 4 October 2022.

A ltteilag, Richard L. (9 August 2012). Green Electricity and Global Warming.
AuthorHouse. p. 77. ISBN 9781477217405. Archived from the original on 23
November 2021. Retrieved 1 November 2020.

N a b "Propane-powered heat pumps are greener". The Economist. 6 September
2023. ISSN 0013-0613. Archived from the original on 17 September 2023.
Retrieved 17 September 2023.

A "Smart CO2 Heat Pump”. www.dti.dk. Archived from the original on 30 January
2023. Retrieved 17 September 2023.



76.

7.

78.

79.
80.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

A "Annex 53 Advanced Cooling/Refrigeration Technologies 2 page summary". HPT
— Heat Pumping Technologies. Retrieved 19 February 2024.

A "Handbook for the Montreal Protocol on Substances that Deplete the Ozone
Layer — 7th Edition". United Nations Environment Programme — Ozone Secretariat.
2007. Archived from the original on 30 May 2016. Retrieved 18 December 2016.

A "Refrigerants — Environmental Properties”. The Engineering ToolBox. Archived
from the original on 14 March 2013. Retrieved 12 September 2016.

N R-410A#Environmental effects.

N Ecometrica.com (27 June 2012). "Calculation of green house gas potential of R-
410A". Archived from the original on 13 July 2015. Retrieved 13 July 2015.

" "R404 and DME Refrigerant blend as a new solution to limit global warming
potential" (PDF). 14 March 2012. Archived from the original (PDF) on 14 March
2012.

Nab IPCC_AR6_WG1_Ch7 2021, 7SM-26

A LearnMetrics (12 May 2023). "List of Low GWP Refrigerants: 69 Refrigerants
Below 500 GWP". LearnMetrics. Archived from the original on 10 June 2023.
Retrieved 13 September 2023.

A a b ¢ "Global warming potential (GWP) of HFC refrigerants”. iifiir.org. Archived
from the original on 24 September 2023. Retrieved 13 September 2023.

A Everitt, Neil (15 September 2023). "Qvantum plant has 1 million heat pump
capacity". Cooling Post. Archived from the original on 24 September 2023.
Retrieved 17 September 2023.

AN Miara, Marek (22 October 2019). "Heat Pumps with Climate-Friendly Refrigerant
Developed for Indoor Installation”. Fraunhofer ISE. Archived from the original on 20
February 2022. Retrieved 21 February 2022.

A "Refrigerant Safety — About Refrigerant Safety, Toxicity and Flammability".
Checkmark. Retrieved 17 April 2024.

A "A2L — Mildly Flammable Refrigerants”. ACR Journal. 1 September 2015.
Retrieved 17 April 2024.

A US Environmental Protection Agency, OAR (14 November 2014). "Phaseout of
Ozone-Depleting Substances (ODS)". US EPA. Archived from the original on 24
September 2015. Retrieved 16 February 2020.

A "Heat Pumps". IEA. Archived from the original on 17 September 2023. Retrieved
17 September 2023.

A "Electrifying industrial processes with heat pumps". 22 March 2022. Archived
from the original on 8 August 2022. Retrieved 9 August 2022.

A Department of Energy, Environment and Climate Action, Victoria Government
(Australia) (11 October 2023). "Hot water systems for businesses". Victoria
Government.

~ Department of Energy, Environment and Climate Action (Australia), Victoria
Government (23 September 2023). "Hot water systems for households". Victoria
Government.

N New South Wales Climate and Energy Action, New South Wales Government
(Australia) (8 December 2023). "Upgrade your hot water system". NSW



95.
96.
97.
98.
99.
100.
101.

102.
103.

104.
105.
106.
107.

108.

109.

110.

So

[edit]

Government.

A Australian Government, Queensland (5 October 2023). "Queensland Business
Energy Saving and Transformation Rebates". Queensland Government.

A Time To Save (21 November 2023). "Hot Water Rebates in Australia: A Detailed
Guide For Businesses". Timetosave.

A "Canada Greener Homes Grant". 17 March 2021. Archived from the original on
17 January 2022. Retrieved 17 January 2022.

A "Coal fired boiler replacement in Beijing rural area". Archived from the original on
24 March 2023. Retrieved 14 September 2023.

N a b ¢ "Executive summary — The Future of Heat Pumps in China — Analysis". IEA
. Retrieved 12 April 2024.

AN 1EA (2024), The Future of Heat Pumps in China, IEA, Paris
https://www.iea.org/reports/the-future-of-heat-pumps-in-china, Licence: CC BY 4.0
A "The Heat Pump Accelerator Platform”. European Commission. 2024. Retrieved
27 November 2024.

A "Heat pumps". European Commission. 2024. Retrieved 27 November 2024.

N "HMCR rates for goods and services". 11 July 2022. Archived from the original
on 22 July 2022. Retrieved 24 August 2022.

A "Apply for the Boiler Upgrade Scheme". Archived from the original on 19
September 2023. Retrieved 14 September 2023.

A "BBC Radio 4 — Sliced Bread, Air Source Heat Pumps". BBC. Archived from the
original on 30 April 2022. Retrieved 30 April 2022.

A Lawrence, Karen (3 May 2024). "Air source heat pump costs and savings".
Which?. Retrieved 7 June 2024.

A "Clean Heat without the Hot Air: British and Dutch lessons and challenges".
UKERC. Retrieved 7 June 2024.

A Shao, Elena. "H. R. 5376 — Inflation Reduction Act of 2022". Congress.gov. U.S.
Congress. Archived from the original on 17 November 2022. Retrieved 17
November 2022.

A "As Heat Pumps Go Mainstream, a Big Question: Can They Handle Real Cold?".
The New York Times. 22 February 2023. Archived from the original on 11 April
2023. Retrieved 11 April 2023.

A Frazin, Rachel (17 November 2023). "Biden administration uses wartime
authority to bolster energy efficient manufacturing”. The Hill. Retrieved 29
November 2023.

urces

IPCC reports



[edit]

o

IPCC (2021). Masson-Delmotte, V.; Zhai, P.; Pirani, A.; Connors, S. L.; et al.
(eds.). Climate Change 2021: The Physical Science Basis (PDF). Contribution of
Working Group | to the Sixth Assessment Report of the Intergovernmental Panel
on Climate Change. Cambridge University Press (In Press).

o Forster, P.; Storelvmo, T.; Armour, K.; Collins, W. (2021). "Chapter 7: The
Earth's energy budget, climate feedbacks, and climate sensitivity
Supplementary Material" (PDF). IPCC AR6 WG1 2021.

IPCC (2018). Masson-Delmotte, V.; Zhai, P.; Portner, H.-O.; Roberts, D.; et al.
(eds.). Global Warming of 1.5°C. An IPCC Special Report on the impacts of global
warming of 1.5°C above pre-industrial levels and related global greenhouse gas
emission pathways, in the context of strengthening the global response to the
threat of climate change, sustainable development, and efforts to eradicate poverty
(PDF). Intergovernmental Panel on Climate Change. https://www.ipcc.ch/sr15/.

o Rogelj, J.; Shindell, D.; Jiang, K.; Fifta, S.; et al. (2018). "Chapter 2: Mitigation
Pathways Compatible with 1.5°C in the Context of Sustainable Development”
(PDF). IPCC SR15 2018. pp. 93-174.

IPCC (2022). Shula, P. R.; Skea, J.; Slade, R.; Al Khourdajie, A.; et al. (eds.).
Climate Change 2022: Mitigation of Climate Change (PDF). Contribution of
Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel
on Climate Change. Cambridge, UK and New York, New York, USA: Cambridge
University Press (In Press). Archived from the original (PDF) on 4 April 2022.
Retrieved 10 May 2022.

o IPCC (2022). "Industry" (PDF). IPCC AR6 WG3 2022.

Other

[edit]

o

Quaschning, Volker. "Specific Carbon Dioxide Emissions of Various Fuels".
Retrieved 22 February 2022.

External links

[edit]

(0]

(¢]
o
o

epgredid tekte 1 Heat pumps at Wikimedia Commons

v
t
e

Heating, ventilation, and air conditioning



Fundamental
concepts

o Air changes per hour
o Bake-out

O o 0 o 0O 0O 0o oo 0O o o 0o o o

o
(0]
(0]
O
o
(0]
(0]

Building envelope
Convection

Dilution

Domestic energy consumption
Enthalpy

Fluid dynamics

Gas compressor

Heat pump and refrigeration cycle
Heat transfer

Humidity

Infiltration

Latent heat

Noise control
Outgassing
Particulates
Psychrometrics
Sensible heat

Stack effect

Thermal comfort
Thermal destratification
Thermal mass
Thermodynamics

o Vapour pressure of water



Technology

o Absorption-compression heat pump
o Absorption refrigerator

o Air barrier

o Air conditioning

o Antifreeze

o Automobile air conditioning

o Autonomous building

o

O o o 0o 0o o o oo o 0o 0o oo 0o0o 0o o o o o o o o o o o o o o o o o o o o o o o o

Building insulation materials
Central heating

Central solar heating

Chilled beam

Chilled water

Constant air volume (CAV)
Coolant

Cross ventilation

Dedicated outdoor air system (DOAS)
Deep water source cooling
Demand controlled ventilation (DCV)
Displacement ventilation
District cooling

District heating

Electric heating

Energy recovery ventilation (ERV)
Firestop

Forced-air

Forced-air gas

Free cooling

Heat recovery ventilation (HRV)
Hybrid heat

Hydronics

Ice storage air conditioning
Kitchen ventilation

Mixed-mode ventilation
Microgeneration

Passive cooling

Passive daytime radiative cooling
Passive house

Passive ventilation

Radiant heating and cooling
Radiant cooling

Radiant heating

Radon mitigation

Refrigeration

Renewable heat

Room air distribution

Solar air heat

Solar combisystem

Solar cooling

~ 1 1.



S~ e

o Air conditioner inverter
o Air door

o Air filter

o Air handler

o Air ionizer

o Air-mixing plenum
o Air purifier

o Air source heat pump
o Attic fan
Automatic balancing valve
Back boiler

Barrier pipe

Blast damper
Boiler

Centrifugal fan
Ceramic heater
Chiller
Condensate pump
Condenser
Condensing boiler
Convection heater
Compressor
Cooling tower
Damper
Dehumidifier

Duct

Economizer
Electrostatic precipitator
Evaporative cooler
Evaporator
Exhaust hood
Expansion tank
Fan

Fan colil unit

Fan filter unit

Fan heater

Fire damper
Fireplace
Fireplace insert
Freeze stat

Flue

Freon

Fume hood
Furnace

Gas compressor
Gas heater
Gasoline heater
Grease duct

P~  "11

(e}

O o o 0O 0o o o oo o oo oo 06 OO0 0o O o o o o o o o o o o o o o o o o o o



Measurement
and control

Professions,
trades,
and services

O
o
(0]

0 o 0 0o o o 0o ooo 0660 0o 0O o o o o o o o o o o o o0 o o o o0 o o0 o o o o o o o

Air flow meter

Aguastat

BACnet

Blower door

Building automation

Carbon dioxide sensor

Clean air delivery rate (CADR)

Control valve

Gas detector

Home energy monitor

Humidistat

HVAC control system

Infrared thermometer

Intelligent buildings

LonWorks

Minimum efficiency reporting value (MERV)
Normal temperature and pressure (NTP)
OpenTherm

Programmable communicating thermostat
Programmable thermostat
Psychrometrics

Room temperature

Smart thermostat

Standard temperature and pressure (STP)
Thermographic camera

Thermostat

Thermostatic radiator valve

Architectural acoustics

Architectural engineering

Architectural technologist

Building services engineering

Building information modeling (BIM)
Deep energy retrofit

Duct cleaning

Duct leakage testing

Environmental engineering

Hydronic balancing

Kitchen exhaust cleaning

Mechanical engineering

Mechanical, electrical, and plumbing
Mold growth, assessment, and remediation
Refrigerant reclamation

Testing, adjusting, balancing



Industry
organizations

Health and safety

See also

O
o
(0]
(0]
O

0O o 0 o o 0O 0o 0o O o o o

(0]
(0]
O
o
(0]
(0]

AHRI

AMCA

ASHRAE

ASTM International

BRE

BSRIA

CIBSE

Institute of Refrigeration

IR

LEED

SMACNA

umMC

Indoor air quality (IAQ)
Passive smoking

Sick building syndrome (SBS)
Volatile organic compound (VOC)
ASHRAE Handbook
Building science
Fireproofing

Glossary of HVAC terms
Warm Spaces

World Refrigeration Day
Template:Home automation
Template:Solar energy

o Germany
o United States
o France

Authority control databases: National gt ¢ Brdrodatia g sy

o Japan
o Czech Republic
o Israel

About Durham Supply Inc

Photo

Image not found or type unknown

Photo

Image not found or type unknown


https://lh3.googleusercontent.com/places/ANXAkqF-mTN0QkD4kANtp7xsU7-0IhjYyEGo4qwezMnuAkgsQfqA_QQG5XD2VdVgwOJoNNgHNK2IytaAMNP3g0FCe7xbkdOZIKvqHAo=s1600-w203
https://lh3.googleusercontent.com/places/ANXAkqGabDNo0LAg5yBsLWPGfcXCPB5a2doFKvnTBsVu-0iSGfCUFxDao937r7yFq4Zt1bimHz1lysYHhn-KpOrAdPUiBMyjquuxvNU=s1600-w203

Photo

Image not found or type unknown

Photo

Image not found or type unknown

Photo

Image not found or type unknown

Things To Do in Tulsa County

Photo

Image not found or type unknown

Woodward Park and Gardens

4.7 (2580)

Photo

Image not found or type unknown


https://lh3.googleusercontent.com/places/ANXAkqEcjHQBqRtpgBldk6DfmdzEhzHa-XYMHPhYsOkRMemiVgFS5nPpzREjcXyLUTj-X11NuDfJfUh_I_CtRh7wRS-T-e-FbtTj4PE=s1600-w203
https://lh3.googleusercontent.com/places/ANXAkqH41cZSAS3NpSHaGQrhM_xIZJqBjMjipUvZSYSPKxnNXhpjxUKQsr33jHXGwPE6W_TtcxMyvTUP-R7wZpRAnhZxtX30wsvEd8Y=s1600-w203
https://lh3.googleusercontent.com/places/ANXAkqGWdMa3mmX9ySTfE3AozvcLNWbsNxkVZ0SxvCMxatKTmtjPUy4W78U0lMkU_miLwxReQWrPKYlC6ZWenshHwAGtEDGQPYKCCyI=s1600-w203
https://www.google.com/maps/search/?api=1&query=Woodward+Park+and+Gardens&query_place_id=ChIJr8FnRKPstocRBTdKcqN35LM
https://www.google.com/maps/search/?api=1&query=Tulsa+Air+and+Space+Museum+&+Planetarium&query_place_id=ChIJI9UUGf_xtocRxpEOhmEZ-eo

Tulsa Air and Space Museum & Planetarium

4.3 (419)
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Tulsa Botanic Garden

4.7 (1397)
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The Outsiders House Museum

4.7 (885)
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https://www.google.com/maps/search/?api=1&query=Tulsa+Air+and+Space+Museum+&+Planetarium&query_place_id=ChIJI9UUGf_xtocRxpEOhmEZ-eo
https://www.google.com/maps/search/?api=1&query=Tulsa+Botanic+Garden&query_place_id=ChIJgZRo6nvrtocR5Z-RB7zv-tU
https://www.google.com/maps/search/?api=1&query=The+Outsiders+House+Museum&query_place_id=ChIJX6OY-WTstocRDVj1sEiPbuQ
https://www.google.com/maps/search/?api=1&query=Tulsa+Zoo&query_place_id=ChIJjb_PwwXutocRUe5o3YmeUYs

Tulsa Zoo

4.5 (10481)
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The Cave House

4.6 (249)

Driving Directions in Tulsa County

Driving Directions From Subway to Durham Supply Inc

Driving Directions From East Central High School to Durham Supply Inc

Driving Directions From Oakwood Homes to Durham Supply Inc

Driving Directions From Nights Stay Hotel to Durham Supply Inc

Driving Directions From Brookhaven Hospitales to Durham Supply Inc

Driving Directions From Catoosa to Durham Supply Inc


https://www.google.com/maps/search/?api=1&query=Tulsa+Zoo&query_place_id=ChIJjb_PwwXutocRUe5o3YmeUYs
https://www.google.com/maps/search/?api=1&query=The+Cave+House&query_place_id=ChIJT5fkfgzrtocRet1IndjwQhw

Heating contractor

HVAC contractor

Mobile Home Furnace Installation

Mobile Home Air Conditioning Installation Services

Mobile Home Hvac Repair

Mobile Home Hvac Service

Driving Directions From Philbrook Museum of Art to Durham Supply Inc

Driving Directions From Center of the Universe to Durham Supply Inc

Driving Directions From Golden Driller Statue to Durham Supply Inc

Driving Directions From Center of the Universe to Durham Supply Inc

Driving Directions From Tulsa Botanic Garden to Durham Supply Inc

Driving Directions From Tulsa Air and Space Museum & Planetarium to Durham Supply
Inc

Mobile home supply store

Air conditioning repair service

Air conditioning store


https://www.google.com/maps/dir/ALDI/Durham+Supply+Inc/@36.1324391,-95.8340763,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJR7H050fztocRkvuY7ZNaGtw!2m2!1d-95.8340763!2d36.1324391!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e0
https://www.google.com/maps/dir/Church+on+the+Move+Tulsa/Durham+Supply+Inc/@36.1689458,-95.8320863,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJvT__rp_ztocRsnuI_Dz-yJg!2m2!1d-95.8320863!2d36.1689458!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e2
https://www.google.com/maps/dir/Dollar+General/Durham+Supply+Inc/@36.1475704,-95.8563627,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJY7A5TRnztocRxqXsWHcgBx4!2m2!1d-95.8563627!2d36.1475704!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e1
https://www.google.com/maps/dir/East+Central+High+School/Durham+Supply+Inc/@36.1468751,-95.8408342,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJbfy5OhTztocRESrikT-8VvU!2m2!1d-95.8408342!2d36.1468751!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e3
https://www.google.com/maps/dir/Harmon+Security+Group+LLC./Durham+Supply+Inc/@36.132178,-95.830667,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJVX0XFnnrtocR-9U9w2MmGMo!2m2!1d-95.830667!2d36.132178!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e0
https://www.google.com/maps/dir/Reception+Jehovah's+Witnesses/Durham+Supply+Inc/@36.1612293,-95.8379357,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sChIJo5RrqgvztocR2jaB92WX_O8!2m2!1d-95.8379357!2d36.1612293!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e2
https://www.google.com/maps/dir/Bob+Dylan+Center/Durham+Supply+Inc/@36.1588488,-95.9916673,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-95.9916673!2d36.1588488!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e0
https://www.google.com/maps/dir/The+Tulsa+Arts+District/Durham+Supply+Inc/@36.1589262,-95.9918339,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-95.9918339!2d36.1589262!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e2
https://www.google.com/maps/dir/Bob+Dylan+Center/Durham+Supply+Inc/@36.1588488,-95.9916673,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-95.9916673!2d36.1588488!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e1

Air conditioning system supplier

Furnace repair service

Reviews for Durham Supply Inc

Durham Supply Inc

Image not found or type unknown

B Mann
(5)

| was in need of some items for a double wide that | am remodeling and this place is the only place in town
that had what | needed (| didn't even try the other rude place )while | was there | learned the other place that
was in Tulsa that also sold mobile home supplies went out of business (no wonder the last time | was in there
they were VERY RUDE and high priced) | like the way Dunham does business they answered all my
questions and got me the supplies | needed, very friendly, | will be back to purchase the rest of my items
when the time comes.

Durham Supply Inc

Image not found or type unknown

Gerald Clifford Brewster
(5)

We will see, the storm door | bought says on the tag it's 36x80, but it's 34x80. If they return it....... they had no
problems returning it. And it was no fault of there's, you measure a mobile home door different than a
standard door!

Durham Supply Inc

Image not found or type unknown
Dennis Champion

(5)

Durham supply and Royal supply seems to find the most helpful and friendly people to work in their stores,
we are based out of Kansas City out here for a few remodels and these guys treated us like we've gone there
for years.

Durham Supply Inc

Image not found or type unknown


https://www.google.com/maps/dir/Streetwalker+Tours/Durham+Supply+Inc/@36.1522464,-95.9886238,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-95.9886238!2d36.1522464!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e3
https://www.google.com/maps/dir/The+Cave+House/Durham+Supply+Inc/@36.1517211,-96.0112668,14z/data=!3m1!4b1!4m14!4m13!1m5!1m1!1sunknown!2m2!1d-96.0112668!2d36.1517211!1m5!1m1!1sChIJDzPLSIrytocRY_EaORpHGro!2m2!1d-95.8384781!2d36.1563128!3e0
https://www.google.com/maps/contrib/112183144199754479692/reviews
https://www.google.com/maps/contrib/107555183074838769631/reviews
https://www.google.com/maps/contrib/110116543841807784105/reviews
https://www.google.com/maps/contrib/105506432240975656905/reviews

Ty Spears
(5)

Bought a door/storm door combo. Turns out it was the wrong size. They swapped it out, quick and easy no
problems. Very helpful in explaining the size differences from standard door sizes.

Durham Supply Inc

Image not found or type unknown

Ethel Schiller
)

This place is really neat, if they don't have it they can order it from another of their stores and have it there
overnight in most cases. Even hard to find items for a trailer! | definitely recommend this place to everyone! O
and the prices is awesome too!

Aligning Payment Strategies with Seasonal Needs in Mobile Home HeatingView GBP

Royal Supply Inc
Phone : +16362969959
City : Oklahoma City
State : OK

Zip : 73149

Address : Unknown Address

Google Business Profile

.com/locations/oklahoma-city-



https://www.google.com/maps/contrib/105506432240975656905/reviews
https://www.google.com/maps/contrib/110110781087895774823/reviews
https://www.google.com/maps/search/?api=1&query=36.1563128,-95.8384781&query_place_id=ChIJDzPLSIrytocRY_EaORpHGro
https://www.google.com/maps/place/Royal+Supply+Inc/@37.603028,-97.3359394,17z/data=!4m6!3m5!1s0x87bae5c1c584fbd5:0x164226561f776475!8m2!3d37.603028!4d-97.3333645!16s/g/1thw77fk?entry=ttu&g_ep=EgoyMDI0MTIxMS4wIKXMDSoASAFQAw==
https://royal-durhamsupply.com/locations/oklahoma-city-oklahoma/
https://royal-durhamsupply.com/locations/oklahoma-city-oklahoma/
https://ams3.digitaloceanspaces.com/corp-mfg/durham-supply/tulsa/sitemap.html
https://ams3.digitaloceanspaces.com/corp-mfg/durham-supply/tulsa/privacy-policy.html
https://ams3.digitaloceanspaces.com/corp-mfg/durham-supply/tulsa/about-us.html
https://m.facebook.com/100084914056112
https://www.linkedin.com/company/royal-durham-supply

