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You might be a technician who wants to search for recommendations or address existing
troubles. Or you are a student, or maybe even you who simply need to know about Ford F Fuel
System Diagram. Whatever you are, we attempt to bring the material that matches exactly what
you are searching for. You may originate from a search engine, after that find this site. This
topic is a lot of individuals looking on the net, for that reason we accumulate photos from
numerous trusted resources and understand in their field. The results of the gathering are
uploaded on this internet site. Below are several of the leading drawings we get from various
sources, we wish these images will certainly be useful to you, and also with any luck really
relevant to exactly what you desire about the Ford F Fuel System Diagram is. This photo we
have filtered from good create the very best picture, however what do you think? We intend to
make an internet site valuable for many people. If the picture above is not very clear, please
click the picture you wish to increase the size of, then you will be taken to another page to
display a more clear and also bigger image, you will likewise be presented info from gambvar.
At the end of this site there is also a Ford F Fuel System Diagram photo gallery, if the photo
above is not nearly enough for you. Tags: ford f fuel system diagram. Toggle navigation. Vw
Buggy Engine. Weitere Verwirrung entsteht, wenn die Begriffe Zeitzone und Zonenzeit synonym
verwendet werden. Manche Staaten verwenden nicht eine der 24 Uhrzeiten aus dem auf den
Greenwicher Meridian bezogenen Raster. Sie unterteilen ihr Gebiet mehr oder weniger in
Anlehnung an Kugelzweiecke. Die Zonenzeiten wurden relativ zur Greenwich Mean Time
gebildet. In moderner, u. Reisende richteten sich nach der Ortszeit des jeweils erreichten Ortes.
In der Mitte des Die Gebiete wurden in vier Zeitzonen mit sich um ganze Stunden
unterscheidenden Standardzeiten unterteilt. Vorreiter einer einheitlichen Zeit waren auch in
Deutschland die Eisenbahnen. Ab dem 1. April Seit dem 1. Ab erfolgte die Ermittlung in der
neuen Sternwarte Neuenburg , wurde aber weiterhin in Berner Ortszeit umgerechnet verbreitet.
Der Wechsel der Berner wurde von den anderen Kantonen zum selben Datum mitgemacht. Zu
Lande obliegt es den jeweiligen Staaten, ihre Zeitrechnung gesetzlich zu regeln. In der Regel
wird an einem Tag maximal eine Stunde umgestellt. Der Tag, an dem das geschieht, muss nicht
zwingend mit dem Queren der geographischen Grenze zwischen zwei Zeitzonen
zusammenfallen. Die Volksrepublik China hat dagegen heute nur noch eine s. Zum 9. Diese
passt gut zur Hauptstadt Peking und zu Shanghai. In Kuba wurde aufgrund einer massiven
Energiekrise beschlossen, in der Sommerzeit zu verbleiben. In der Vergangenheit wurde oft
einem besetzten Land die Zonenzeit der Besatzer aufgezwungen. In der Nacht zum Die
Sommerzeit wurde in einigen Gebieten der Welt wieder abgeschafft. Zeitangaben aktualisieren.
Kategorie : Zeitzone. Ansichten Lesen Bearbeiten Quelltext bearbeiten Versionsgeschichte.
Commons Wikinews Wikivoyage. Bakerinsel Howlandinsel. Amerikanisch-Samoa Midwayinseln
Niue. Kitts und Nevis St. Zulu-Zeit auch: UTC. Indien Sri Lanka. Australien : Norfolkinsel seit 4.
Kiribati teilweise: Line Islands , Kiritimati. Air conditioning can be used in both domestic and
commercial environments. This process is most commonly used to achieve a more comfortable
interior environment, typically for humans and other animals; however, air conditioning is also
used to cool and dehumidify rooms filled with heat-producing electronic devices, such as
computer servers , power amplifiers , and to display and store some delicate products, such as
artwork. Air conditioners often use a fan to distribute the conditioned air to an enclosed space
such as a building or a car to improve thermal comfort and indoor air quality. Electric
refrigerant-based AC units range from small units that can cool a small bedroom, which can be
carried by a single adult, to massive units installed on the roof of office towers that can cool an
entire building. The cooling is typically achieved through a refrigeration cycle , but sometimes a
passive cooling system such as evaporation or free cooling is used. Air conditioning systems
can also be made based on desiccants chemicals that remove moisture from the air. Some AC
systems reject or store heat in subterranean pipes. In construction , a complete system of
heating, ventilation , and air conditioning is referred to as HVAC. In response to, in the United
Nations called for the technology to be made more sustainable to mitigate climate change.
Passive cooling and passive ventilation are techniques for air-conditioning without using
external power sources; they include windcatchers , evaporative cooling , selective shading,
encouraging airflow, and using the heat capacity of the soil or masonry. Air-conditioning dates
back to prehistory. Ancient Egyptian buildings used a wide variety of passive air-conditioning
techniques. Using information from engineering studies of traditional buildings, passive
techniques are being revived and modified for 21st-century architectural designs. Buildings
designed with passive air conditioning are generally less expensive to construct than buildings
with conventional HVAC systems, and maintenance costs are also lower. In dry, hot climates,
the evaporative cooling effect may be used by placing water at the air intake, such that the draft
draws air over water and then into the house. For this reason, it is sometimes said that the
fountain, in the architecture of hot, arid climates, is like the fireplace in the architecture of cold

climates. Humans feel cooler in moving air than they do in stagnant air of the same temperature,
because a draft disrupts the warm boundary layer and evaporates sweat. Techniques to drive a
continual air flow are therefore common; evaporative cooling, selective shading, wind, thermal
convection, and heat storage can be used to create a pressure difference and drive circulation.
In areas which are cold at night or in winter , heat storage is used. Heat may be stored in earth
or masonry; air is drawn past the masonry to heat or cool it. In areas which are below freezing
at night in winter, snow and ice can be collected and stored in icehouses for later use in
cooling. Hand fans have existed since prehistory. Large human-powered fans built into
buildings include the punkah. During the subsequent Song Dynasty â€” , written sources
mentioned the air conditioning rotary fan as even more widely used. A phase transition below
the desired temperature can be used to cool to that temperature. The oldest one is melting ice,
but other substances with lower phase transition temperatures were experimented with. These
early refrigerants were also essentially a form of heat storage; they were used up in the process
of cooling and would have to be re-cooled when the outdoor temperature permitted it. A method
of chilling ice to temperatures far below the its freezing point by mixing it with potassium nitrate
then called "nitre" is described in the book, Natural Magic , [11] by the early experimentalist
Giambattista della Porta. While Giambattista della Porta saw it as his duty make his discoveries
public and explain his "magic" using natural laws, [16] the Dutch inventor Cornelis Drebbel
presented himself as a magician, and kept the methods of his work secret. Drebbel's
contemporary Francis Bacon , like della Porta a believer in scientific communication, may not
have been present at the demonstration, but in a book published later the same year, he
described it as "experiment of artificiall freezing" and said that "Nitre or rather its spirit is very
cold, and hence nitre or salt when added to snow or ice intensifies the cold of the latter, the
nitre by adding to its own cold, but the salt by supplying activity to the cold of the snow. In ,
Benjamin Franklin and John Hadley , a chemistry professor at Cambridge University ,
conducted an experiment to explore the principle of evaporation as a means to rapidly cool an
object. Franklin and Hadley confirmed that the evaporation of highly volatile liquids such as
alcohol and ether could be used to drive down the temperature of an object past the freezing
point of water. They conducted their experiment with the bulb of a mercury thermometer as their
object and with a bellows used to speed up the evaporation. Franklin concluded: "From this
experiment one may see the possibility of freezing a man to death on a warm summer's day.
Compressing a refrigerant heats it, and letting it expand cools it adiabatic temperature changes.
Mechanical compressors could therefore be used to manufacture ice for sale, dumping the heat
into above-freezing surroundings. In , English scientist and inventor Michael Faraday
discovered that compressing and liquefying ammonia could chill air when the liquefied
ammonia was allowed to evaporate. He hoped to eventually use his ice-making machine to
regulate the temperature of buildings. Though his prototype leaked and performed irregularly,
Gorrie was granted a patent in for his ice-making machine. Though his process improved the
artificial production of ice, his hopes for its success vanished soon afterward when his chief
financial backer died and Gorrie did not get the money he needed to develop the machine.
According to his biographer, Vivian M. Sherlock, he blamed the "Ice King", Frederic Tudor , for
his failure, suspecting that Tudor had launched a smear campaign against his invention. Gorrie
died impoverished in , and the dream of commonplace air conditioning went away for 50 years.
James Harrison 's first mechanical ice-making machine began operation in on the banks of the
Barwon River at Rocky Point in Geelong , Australia. His first commercial ice-making machine
followed in , and his patent for an ether vapor compression refrigeration system was granted in
This novel system used a compressor to force the refrigeration gas to pass through a
condenser, where it cooled down and liquefied. The liquefied gas then circulated through the
refrigeration coils and vaporized again, cooling down the surrounding system. The machine
produced three tons of ice per day. Though Harrison had commercial success establishing a
second ice company back in Sydney in , he later entered the debate over how to compete
against the American advantage of ice-refrigerated beef sales to the United Kingdom. He wrote:
"Fresh meat frozen and packed as if for a voyage, so that the refrigerating process may be
continued for any required period", and in prepared the sailing ship Norfolk for an experimental
beef shipment to the United Kingdom. His choice of a cold room system instead of installing a
refrigeration system upon the ship itself proved disastrous when the ice was consumed faster
than expected. The creation of the modern electrical air conditioning unit and industry is
credited to the American inventor Willis H. There, he began experimenting with air conditioning
as a way to solve an application problem for the Sackett-Wilhelms Lithographing and Publishing
Company in Brooklyn, New York. The first air conditioner, designed and built in Buffalo, New
York by Carrier, began working on 17 July Designed to improve manufacturing process control
in a printing plant, Carrier's invention controlled not only temperature but also humidity. Carrier

used his knowledge of the heating of objects with steam and reversed the process. Instead of
sending air through hot coils, he sent it through cold coils filled with cold water. The air was
cooled, and thereby the amount of moisture in the air could be controlled, which in turn made
the humidity in the room controllable. The controlled temperature and humidity helped maintain
consistent paper dimensions and ink alignment. Later, Carrier's technology was applied to
increase productivity in the workplace, and The Carrier Air Conditioning Company of America
was formed to meet rising demand. Over time, air conditioning came to be used to improve
comfort in homes and automobiles as well. In , Stuart W. Cramer of Charlotte was exploring
ways to add moisture to the air in his textile mill. Cramer coined the term "air conditioning",
using it in a patent claim he filed that year as analogous to "water conditioning", then a
well-known process for making textiles easier to process. He combined moisture with
ventilation to "condition" and change the air in the factories, controlling the humidity so
necessary in textile plants. Willis Carrier adopted the term and incorporated it into the name of
his company. Shortly thereafter, the first private home to have air conditioning was built in
Minneapolis in , owned by Charles Gates. Pierre DuBose designed a network of ductwork and
vents for his home Meadowmont , all disguised behind intricate and attractive Georgian-style
open moldings. In , Robert Sherman of Lynn, Massachusetts invented a portable, in-window air
conditioner that cooled, heated, humidified, dehumidified, and filtered the air. By the late s,
most newly built residential homes in the United States had central air conditioning. Box air
conditioning units during this time also became more inexpensive which resulted in greater
population growth in the states of Florida and Arizona. The first air conditioners and
refrigerators employed toxic or flammable gases, such as ammonia , methyl chloride , or
propane , that could result in fatal accidents when they leaked. Thomas Midgley, Jr. The
refrigerant names include a number indicating the molecular composition e. The blend most
used in direct-expansion home and building comfort cooling is an HCFC known as
chlorodifluoromethane R Dichlorodifluoromethane R was the most common blend used in
automobiles in the U. R and R are no longer manufactured in the U. Modern refrigerants have
been developed to be more environmentally safe than many of the early
chlorofluorocarbon-based refrigerants used in the early- and mid-twentieth century. Moreover,
policy and political influence by corporate executives resisted change. The environmental
organization Greenpeace provided funding to a former East German refrigerator company to
research an alternative ozone and climate-safe refrigerant in The company developed a
hydrocarbon mix of isopentane and isobutane , but as a condition of the contract with
Greenpeace could not patent the technology, which led to its widespread adoption by other
firms. In , Germany made CFC refrigerators illegal. EPA, disparaging the approach as "that
German technology". R isobutane is already widely used in residential refrigeration. Cooling in
traditional AC systems is accomplished using the vapor-compression cycle, which uses the
forced circulation and phase change of a refrigerant between gas and liquid to transfer heat.
The vapor-compression cycle can occur within a unitary, or packaged piece of equipment; or
within a chiller that is connected to terminal cooling equipment such as a variable refrigerant
flow terminal or fan coil unit on its evaporator side and heat rejection equipment on its
condenser side. Some air conditioning systems have the option to reverse the refrigeration
cycle and act as heat pumps, therefore producing heating instead of cooling in the indoor
environment. They are also commonly referred to as "reverse cycle air conditioners". The heat
pump is significantly more energy efficient than electric resistance heating , because it moves
energy from air or groundwater to the heated space, as well as the heat from purchased
electrical energy. When the heat pump is in heating mode, the indoor evaporator coil switches
roles and becomes the condenser coil, producing heat. The outdoor condenser unit also
switches roles to serve as the evaporator and discharges cold air colder than the ambient
outdoor air. This is partly because ice forms on the outdoor unit's heat exchanger coil, which
blocks airflow over the coil. Some heat pump systems will therefore have a form of electric
resistance heating in the indoor air path that is activated only in this mode in order to
compensate for the temporary indoor air cooling, which would otherwise be uncomfortable in
the winter. The icing problem becomes much more severe with lower outdoor temperatures, so
heat pumps are commonly installed in tandem with a more conventional form of heating, such
as an electrical heater, a natural gas , oil or tree fireplace or central heating , which is used
instead of the heat pump during harsher winter temperatures. In this case, the heat pump is
used efficiently during the milder temperatures, and the system is switched to the conventional
heat source when the outdoor temperature is lower. In very dry climates, evaporative coolers,
sometimes referred to as swamp coolers or desert coolers, are popular for improving coolness
during hot weather. An evaporation cooler is a device that draws outside air through a wet pad,
such as a large sponge soaked with water. The sensible heat of the incoming air, as measured

by a dry bulb thermometer , is reduced. The temperature of the incoming air is reduced, but it is
also more humid, so the total heat sensible heat plus latent heat is unchanged. Some of the
sensible heat of the entering air is converted to latent heat by the evaporation of water in the
wet cooler pads. If the entering air is dry enough, the results can be quite substantial.
Evaporative coolers tend to feel as if they are not working during times of high humidity, when
there is not much dry air with which the coolers can work to make the air as cool as possible for
dwelling occupants. Unlike other types of air conditioners, evaporative coolers rely on the
outside air to be channeled through cooler pads that cool the air before it reaches the inside of
a house through its air duct system; this cooled outside air must be allowed to push the warmer
air within the house out through an exhaust opening such as an open door or window. Air
conditioning can also be provided by a process called free cooling which uses pumps to
circulate a coolant such as air, water, or a water- glycol mixture from a cold source, which in
return acts as a heat sink for the energy that is removed from the cooled space. Common
storage media are cool outside air, deep aquifers, or a natural underground rock mass accessed
via a cluster of small-diameter boreholes. Some systems with small storage capacity are hybrid
systems, using free cooling early in the cooling season, and later employing a heat pump to
chill the circulation coming from the storage. The heat pump is added because the temperature
of the storage gradually increases during the cooling season, thereby declining its
effectiveness. Free cooling systems can have high efficiencies and are sometimes combined
with seasonal thermal energy storage STES so the cold of winter can be used for summer air
conditioning. Free cooling and hybrid systems are mature technology. Since humans perspire
to provide natural cooling by the evaporation of perspiration from the skin, reducing humidity
makes occupants feel cooler at the same air temperature. Air conditioning equipment will
reduce the absolute humidity of the air processed by the system if the surface of the evaporator
coil is significantly cooler than the dew point of the surrounding air. Moisture from the air will
condense on the coil and must be disposed of or recycled. Most modern air-conditioning
systems feature a dehumidification cycle during which the compressor runs while the fan is
slowed as much as possible [ citation needed ] to reduce the evaporator temperature and
therefore condense more water. When the temperature falls below a threshold, both the fan and
compressor are shut off to mitigate further temperature drops; [ clarification needed ] this
prevents moisture on the evaporator from being blown back into the room. Occasionally, to
thaw any ice produced, the fan runs with the compressor shut down; this function is less
effective when ambient temperatures are low. Inverter air conditioners use the inside coil
temperature sensor to keep the evaporator as cold as possible. When the evaporator is too
cold, [ clarification needed ] the compressor is slowed or stopped with the indoor fan running. A
specialized air conditioner that is used only for dehumidifying is called a dehumidifier. It also
uses a refrigeration cycle , but differs from a standard air conditioner in that both the evaporator
and the condenser are placed in the same air path. A standard air conditioner transfers heat
energy out of the room because its condenser coil releases heat outside. However, since all
components of the dehumidifier are in the same room, no heat energy is removed. Instead, the
electric power consumed by the dehumidifier remains in the room as heat, so the room is
actually heated , just as by an electric heater that draws the same amount of power. In addition,
if water is condensed in the room, the amount of heat previously needed to evaporate that water
also is re-released in the room the latent heat of vaporization. The dehumidification process is
the inverse of adding water to the room with an evaporative cooler , and instead releases heat.
Therefore, an in-room dehumidifier always will warm the room and reduce the relative humidity
indirectly, as well as reducing the humidity directly by condensing and removing water. Inside
the unit, the air passes over the evaporator coil first, and is cooled and dehumidified. The now
dehumidified, cold air then passes over the condenser coil where it is warmed up again. Then
the air is released back into the room. The unit produces warm, dehumidified air and can
usually be placed freely in the environment room that is to be conditioned. Dehumidifiers are
commonly used in cold, damp climates to prevent mold growth indoors, especially in
basements. They are also used to protect sensitive equipment from the adverse effects of
excessive humidity in tropical countries. In a thermodynamically closed system , any power
dissipated into the system that is being maintained at a set temperature which is a standard
mode of operation for modern air conditioners requires that the rate of energy removal by the
air conditioner increase. This increase has the effect that, for each unit of energy input into the
system say to power a light bulb in the closed system , the air conditioner removes that energy.
Air conditioner equipment power in the U. For residential homes, some countries set minimum
requirements for energy efficiency. In the United States, the efficiency of air conditioners is
often but not always rated by the seasonal energy efficiency ratio SEER. The higher the SEER
rating, the more energy efficient is the air conditioner. The electrical energy consumed per year

can be calculated as the average power multiplied by the annual operating time:. Assuming
hours of operation during a typical cooling season i. The EER is the efficiency rating for the
equipment at a particular pair of external and internal temperatures, while SEER is calculated
over a whole range of external temperatures i. The COP is a ratio with the same metric units of
energy joules in both the numerator and denominator. They cancel out, leaving a dimensionless
quantity. The United States now requires that residential systems manufactured in have a
minimum SEER rating of 13 although window-box systems are exempt from this law, so their
SEER is still around Window unit air conditioners are installed in an open window. The interior
air is cooled as a fan blows it over the evaporator. On the exterior, the heat drawn from the
interior is dissipated into the environment as a second fan blows outside air over the
condenser. A large house or building may have several such units, allowing each room to be
cooled separately. In , General Electric introduced a popular portable in-window air conditioner
designed for convenience and portability. Packaged terminal air conditioner PTAC systems are
also known as wall-split air conditioning systems. PTACs, which are frequently used in hotels,
have two separate units terminal packages , the evaporative unit on the interior and the
condensing unit on the exterior, with an opening passing through the wall and connecting them.
This minimizes the interior system footprint and allows each room to be adjusted
independently. PTAC systems may be adapted to provide heating in cold weather, either directly
by using an electric strip, gas, or other heater, or by reversing the refrigerant flow to heat the
interior and draw heat from the exterior air, converting the air conditioner into a heat pump.
While room air conditioning provides maximum flexibility, when used to cool many rooms at a
time it is generally more expensive than central air conditioning. The first practical
semi-portable air conditioning unit was invented by engineers at Chrysler Motors and offered
for sale starting in Split-system air conditioners come in two forms: mini-split and central
systems. In both types, the inside-environment evaporative heat exchanger is separated by
some distance from the outside-environment condensing unit heat exchanger. These are used
in homes and businesses. In them, the indoor unit can be an air handling unit or a fan coil unit ,
and a mechanism to heat the air and filter is placed inside a house or building and is connected
to a condensing unit, which is outdoors. The air handler is controlled by a thermostat placed
some distance away from the air handler. A user sets a desired temperature on the thermostat
and the thermostat controls the air handler to maintain the set temperature. The air is fed
through the air handler and, using ducts, into the spaces to be air conditioned. The air handler
is usually placed away from the spaces that are air conditioned, in a different room. The air
handler may get its air from outside or from the room, either through vents placed indoors or
from ducts. The air handler may also be placed outside, contain a condenser, and allowed to
draw outside air. When these criteria are met, they are instead known as rooftop systems,
rooftop units, rooftop packaged unit or packaged rooftop system. A mini-split system typically
supplies air conditioned and heated air to a single or a few rooms of a building. The name
mini-split is often used to refer to those split systems that only supply air to a single room.
Multi-zone systems are a common application of ductless systems and allow up to 8 rooms
zones to be conditioned from a single outdoor unit. Multi-zone systems typically offer a variety
of indoor unit styles including wall-mounted, ceiling-mounted, ceiling recessed, and horizontal
ducted. The first mini-split systems were sold in by Mitsubishi Electric and Toshiba , in Japan.
Its invention was motivated by the small size of modern Japanese homes, and the large size of
traditional ducted central split systems. Large multi-zone systems are known as VRF Variable
refrigerant flow systems and are often used in commercial buildings. Multi-zone ductless
systems were invented by Daikin in and VRF systems were also invented by Daikin in Both were
first sold in Japan. Advantages of the ductless system include smaller size and flexibility for
zoning or heating and cooling individual rooms. The inside wall space required is significantly
reduced. Also, the compressor and heat exchanger can be located farther away from the inside
space, rather than merely on the other side of the same unit as in a PTAC or window air
conditioner. Flexible exterior hoses lead from the outside unit to the interior one s ; these are
often enclosed with metal to look like common drainpipes from the roof. In addition, ductless
systems offer higher efficiency, reaching above 30 SEER. The primary disadvantage of ductless
air conditioners is their cost. An additional possible disadvantage is that the cost of installing
mini splits can be higher than some systems. However, lower operating costs and rebates or
other financial incentivesâ€”offered in some areasâ€”can help offset the initial expense. A
multi-split system [67] is a conventional split system, which is divided into two parts evaporator
and condenser and allows cooling or heating of several rooms with one external unit. In the
outdoor unit of this air conditioner, there is a more powerful compressor, ports for connecting
several traces, and automation with locking valves for regulating the volume of refrigerant
supplied to the indoor units located in the room. A large Multi Split System is called a Variable

refrigerant flow system and can be used instead of a central air conditioner system, as it allows
for higher energy efficiency but it is more expensive to purchase and install. Other common
types of air conditioning systems are multi-split systems, the difference between the separate
split systems and multi-split systems in several indoor units. All of them are connected to the
main external unit, but the principle of their operation is similar to a simple split-system. Its
unique feature is the presence of one main external unit that connected to several indoor units.
Such systems might be the right solution for maintaining the microclimate in several offices,
shops, large living spaces. The outdoor units do not worsen the aesthetic appearance of the
building. The main external unit can be connected to several different indoor types: floor,
ceiling, cassette, etc. Before selecting the installation location of the air conditioner, several
main factors need to be considered. First of all, the direction of airflow from the indoor units
should not fall on the place of rest or work area. Secondly, there should not be any obstacles in
the way of the airflow that might prevent it from covering the space of the premises as much as
possible. The outdoor unit must also be located in an open space, otherwise, the heat from the
house will not be effectively discharged outside and the productivity of the entire system will
drop sharply. It is highly advisable to install the air conditioner units in easily accessible places,
for further maintenance during operation. The main problem when installing a multi-split system
is the laying of long refrigerant lines for connecting the external unit to the internal ones. While
installing a separate split system, workers try to locate both units opposite to each other, where
the length of the line is minimal. Installing a multi-split system creates more difficulties since
some indoor units can be located far from the outside. The first models of multi-split systems
had one common control system that did not allow you to set the air conditioning individually
for each room. However, now the market has a wide selection of multi-split systems, in which
the functional characteristics of indoor units operate separately from each other. The selection
of indoor units has one restriction: their total power should not exceed the capacity of the
outdoor unit. However, it is wrong to expect better performance when all indoor units are turned
on at the same time since the total capacity of the whole system is limited by the capacity of the
outdoor unit. Simply put, the outdoor unit will distribute all its power to all operating indoor
units in such a way that some of the rooms may not have a very comfortable temperature level.
However, the calculation of the total power is not simple, since it takes into account not only the
nominal power of the units, but also the cooling capacity, heating, dehumidification,
humidification, venting, etc. Central cooling plants are used to condition large commercial,
industrial, or campus loads. At larger scales, the ductwork required to move conditioned air to
and from the plant would be impractically large, so an intermediate fluid such as chilled water is
used instead. The plant often consists of a chiller, which may be water- or air-cooled. If
water-cooled, the chiller is cooled by a cooling tower. A portable air conditioner can be easily
transported inside a home or office. Portable air conditioners are either evaporative or
refrigerative. The compressor-based refrigerant systems are air-cooled, meaning they use air to
exchange heat, in the same way as a car radiator or typical household air conditioner does.
Such a system dehumidifies the air as it cools it. It collects water condensed from the cooled air
and produces hot air which must be vented outside the cooled area; doing so transfers heat
from the air in the cooled area to the outside air. A portable system has an indoor unit on
wheels connected to an outdoor unit via flexible pipes, similar to a permanently fixed installed
unit. The portable units draw indoor air and expel it outdoors through a single duct. Many
portable air conditioners come with heat as well as dehumidification function. Hose systems,
which can be monoblock or air-to-air , are vented to the outside via air ducts. The monoblock
type collects the water in a bucket or tray and stops when full. The air-to-air type re-evaporates
the water and discharges it through the ducted hose and can run continuously. A single-hose
unit uses air from within the room to cool its condenser and then vents it outside. This air is
replaced by hot air from outside or other rooms due to the negative pressure inside the room ,
thus reducing the unit's overall efficiency. Modern units might have a coefficient of performance
of approximately 3 i. A dual-hose unit draws air to cool its condenser from outside instead of
from inside the room, and thus is more effective than most single-hose units. These units create
no negative pressure in the room. Evaporative coolers , sometimes called "swamp coolers", do
not have a compressor or condenser. Liquid water is evaporated on the cooling fins, releasing
the vapor into the cooled area. Evaporating water absorbs a significant amount of heat, the
latent heat of vaporisation , cooling the air. Humans and animals use the same mechanism to
cool themselves by sweating. Evaporative coolers have the advantage of needing no hoses to
vent heat outside the cooled area, making them truly portable. They are also very cheap to
install and use very little energy compared to refrigerative air conditioners. However, they are
really suited only for dry but hot climates where cooling through the evaporation of water
becomes efficient. And since they evaporate rather than condense water, they actually increase

the humidity rather than decrease it. In the climates for which they are designed, the resulting
cooling outweighs any discomfort from the humidity thereby generated. Air-conditioning
engineers broadly divide air conditioning applications into comfort and process applications.
Comfort applications aim to provide a building indoor environment that remains relatively
constant despite changes in external weather conditions or in internal heat loads. Air
conditioning makes deep plan buildings feasible, for otherwise they would have to be built
narrower or with light wells so that inner spaces received sufficient outdoor air via natural
ventilation. Air conditioning also allows buildings to be taller, since wind speed increases
significantly with altitude making natural ventilation impractical for very tall buildings. Women
have, on average, a significantly lower resting metabolic rate than men. In addition to buildings,
air conditioning can be used for many types of transportation, including automobiles, buses
and other land vehicles, trains, ships, aircraft, and spacecraft. High temperatures in metro
system stations may be caused by train air conditioning. S consumes more energy for air
conditioning than the rest of the world. Southern European countries such as Greece have seen
a wide proliferation of home air-conditioning units in recent years. Process applications aim to
provide a suitable environment for a process being carried out, regardless of internal heat and
humidity loads and external weather conditions. It is the needs of the process that determine
conditions, not human preference. Process applications include these:. In both comfort and
process applications, the objective may be to not only control temperature, but also humidity ,
air quality, and air movement from space to space. In hot weather, air conditioning can prevent
heat stroke , dehydration from excessive sweating, and other problems related to hyperthermia.
Heat waves are the most lethal type of weather phenomenon in developed countries. Air
conditioning including filtration, humidification, cooling and disinfection can be used to provide
a clean, safe, hypoallergenic atmosphere in hospital operating rooms and other environments
where proper atmosphere is critical to patient safety and well-being. It is sometimes
recommended for home use by people with allergies. Poorly maintained water cooling towers
can promote the growth and spread of microorganisms such as Legionella pneumophila , the
infectious agent responsible for Legionnaires' disease. As long as the cooling tower is kept
clean usually by means of a chlorine treatment , these health hazards can be avoided or
reduced. The state of New York has codified requirements for registration, maintenance, and
testing of cooling towers to protect against Legionella. As of , 1. Production of the electricity
used to operate air conditioners has an environmental impact, including the release of
greenhouse gases. Most of the homes with central air conditioning have programmable
thermostats , but approximately two-thirds of the homes with central air do not use this feature
to make their homes more energy efficient. Alternatives to continual air conditioning can be
used with less energy, lower cost, and with less environmental impact. These include: [95]. The
selection of the working fluids refrigerants has a significant impact not only on the performance
of the air conditioners but on the environment as well. Most common refrigerants used for air
conditioning contribute to global warming, and many also deplete the ozone layer. The use of
CFC as a refrigerant was once common, including the refrigerants R and R sold under the brand
name Freon Freon refrigerants were commonly used during the 20th century in air conditioners
due to their superior stability and safety properties. When they are released accidentally or
deliberately, these chlorine-bearing refrigerants eventually reach the upper atmosphere. These
chlorine radicals catalyze the breakdown of ozone into diatomic oxygen , depleting the ozone
layer that shields the Earth's surface from strong UV radiation. Each chlorine radical remains
active as a catalyst until it binds with another radical, forming a stable molecule and quenching
the chain reaction. Prior to , most automotive air conditioning systems used R as a refrigerant.
It was replaced with Ra refrigerant, which has no ozone depletion potential. Although these
gasses can be recycled when air conditioning units are disposed of, uncontrolled dumping and
leaking can release gas directly into the atmosphere. The Regulation banned the use of R22 as a
"top-up" fluid for maintenance between for virgin fluid and for recycled fluid. This means that
equipment that uses R22 can still operate, as long as it does not leak. Although R22 is now
banned, units that use the refrigerant can still be serviced and maintained. The manufacture and
use of CFCs has been banned or severely restricted due to concerns about ozone depletion see
also Montreal Protocol. Environmental Protection Agency has restricted the sale, possession
and use of refrigerant to only licensed technicians, per rules under sections and of the Clean Air
Act. As an alternative to conventional refrigerants, other gases, such as CO 2 R , have been
proposed. It is an effective refrigerant with a global warming potential of 1, but it must use
higher compression to produce an equivalent cooling effect. In , a non-governmental
organization, Greenpeace, was spurred by corporate executive policies and requested that a
European lab find substitute refrigerants. This led to two alternatives, one a blend of propane R
and isobutane Ra , and one of pure isobutane. In the UNEP published new voluntary guidelines,
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conditioning leveled out this difference at the end of the 20th century. There is also a gradual
movement of population from northern U. First designed to benefit targeted industries such as
the press as well as large factories, the invention quickly spread to public agencies and
administrations. From Wikipedia, the free encyclopedia. This article is about cooling of air. For
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Version. I finally achieved, what I consider, an excellent idling engine I tried to disregard what I
thought I knew about idle tuning and start with a fresh mindset I'm glad I did. Every engine will
idle slightly different and the engine combination components will affect the idling
characteristics, especially the camshaft. This doesn't mean your engine has to idle at RPM,
however, don't expect a race engine with a radical camshaft to idle at RPM. Generally, the
bigger the camshaft the more idle RPM it needs. Most mild performance engines should idle
well at RPM and most potent street performance engines should idle well at RPM. This
surprised me, and I wasn't comfortable with it at first, because I thought the idle should be
leaner at a stoichiometric However, when I tried it, my engine responded so favorably,
especially when I shifted it in gear. This isn't as detrimental to fuel economy as one might think,
because at idle, there are less injection events engine cycles over time, than at higher RPM.
Remember to also check the idle in gear, and allow the engine to idle for at least a minute with
each change. Remember to check the idle in gear, to verify the kPa axis configuration above
idle, is acceptable. It has a big impact on the idle stability. The Base Fuel Table should not be
totally flat except in the Fuel Graph ; meaning you can't have the same numbers in the idle area.
The surrounding cells direct the engine idle back to the target idle cell center. Study the
diagonal pattern of the idle numbers; that's the secret to good Commander Fuel Table idle
tuning. On Commander Fuel Tables, smaller numbers mean larger injectors, and larger numbers
mean smaller injectors. Therefore, if your idle values numbers are larger than what's illustrated
above typical injector sizing , then the number pattern should change in increments of two or
maybe even three. When the Learn Table self-tunes, it's adjusting the entire idle area the same

amount; just like it's supposed to. In other words, the Base Fuel Table is responsible for idle
quality, and the self-tuning is responsible for WBO2 compensation. So the idle area of the Base
Fuel Table needs to be blended smooth using the Fuel Graph to promote a smooth idle, for the
same aforementioned reasons. When Holley engineers create the base calibrations, it's
impossible to know exactly where anyone's engine will idle on the Base Fuel Table. The engine
has to be idling to tune the idle. The point is to manipulate the engine to idle well, by having a
smooth Base Fuel Table. It's very important to have a smooth Fuel Graph. This method offers
much greater detail. Looking at the entire "Fuel Graph" will almost always look smooth,
because it's not as magnified. You won't notice the ECU subtracting fuel, but you can notice it
adding fuel. The reason why, is so the ECU doesn't need to repeat the entire modification to the
Base Fuel Table if the O2 Compensation was limited , every time it returns to idle or any other
area for that matter. You'll then need to manually tune the idle area in Open Loop mode. This
depends heavily on where the WBO2 sensor is located in the exhaust system. The further away
the WBO2 sensor is away from the engine , the lower the number should be. Viewing a datalog
is helpful. I fixed it by changing the Closed Loop Advanced Control to 5. My WBO2 sensors are
located in full-length header collectors. Sometimes it's best to start at a lower value, especially
with a fresh base calibration. The Base Timing Table must be flat in the idle area, meaning it's
the same value in the entire idle area especially if using Idle Spark Control. The exact amount
depends heavily on the camshaft specifications. Generally, tighter LSA - lobe separation angles
overlap and larger lobe duration figures, require more timing advance at idle. One must pay
close attention to how much timing advance is used at idle. Resist the urge to use too much;
I've made this mistake in the past. Advancing the timing, offers better fuel efficiency and raises
the idle speed, however, excessive timing creates an unstable idle speed due to the engine
having too much torque at idle Idle Spark control becomes ineffective. Retarded timing lowers
the idle speed, decreases engine torque and increases the coolant temperature. Excessively
retarded timing also causes the exhaust headers to glow red hot. Remember to check the idle in
gear, to verify the amount used is also acceptable. The idle quality must be well tuned before
adjusting these two parameters. This is because you can't watch the idle RPM on the Data
Monitor, since they change too fast and the tachometer usually isn't an accurate enough
indicator of idle stability. Start with all three PID parameters at Tune the Proportional first, the
Derivative second, the Integral last, then fine tune the three together. It may help to datalog
various PID combinations name the datalog by the three numbers to decipher them , and look
for the straightest RPM line. This is because you can't watch the idle RPM on the Data Monitor,
since they change too fast, and the tachometer usually isn't an accurate enough indicator of
idle stability. Of course, you don't have to datalog the number combinations that obviously
make it idle worse. Typically, slower IAC control promotes better idle stability. Raising this
value increases the speed at which the IAC moves in order to remove target idle speed error. If
the value is too low for a specific application, the IAC will be slow to react to quick changes in
idle speed deviation. However, it is much better for this term to be conservatively slow, rather
than too fast. Raising this value increases the speed at which the IAC moves when the engine
speed is close to target idle speed. If the value is too low for a specific application, the IAC will
be slow to react to changes near target idle speed. Smaller derivative terms slow down the IAC
movement as target idle speed is approached. I've found this to be too much IAC control when
it's closing toward zero. This only allows a minute amount of airflow reduction, which always
seems to promote a more steady idle speed and improve starting. Remember to perform
another TPS AutoSet, whenever you adjust the idle speed screw on the throttle body. If the idle
speed screw is unscrewed too far, the engine is inhaling air from an additional source - vacuum
leak. Injector End Angle I also spent some time tuning the injector end angle timing. ECUs have
different end angle software parameters, so there's an excerpt of how Holley does it below. I like
the idea of injecting fuel a little earlier during the intake stroke. There could be some
improvements in cylinder to cylinder fuel distribution by tuning this parameter. If modifying, it is
best to move this value in a negative direction to start. Injector Pulse-Width It's important to use
the proper size fuel injectors. Injectors that are too large for your application, won't idle well due
to low pulse-width operation. Don't decrease fuel pressure in order to increase pulse width
times at idle. Decreasing fuel pressure results in less than optimum injector spray patterns.
Holley's older EFI documents suggests the pulse-width at idle shouldn't be lower than 1. Also,
large injectors will idle better when sequentially injected, for reasons mentioned in this LINK.
This msec value programmed by the user, will prevent the injector pulse-width from fall below
the setting, which promotes a much more stable idle speed idle quality. A good starting value is
1. However, unless the injectors are too big or the fuel pressure is too high, most injectors
won't reach this setting anyway. Sometimes this data can be difficult to find, and contacting the
manufacturer is the only way to acquire it. The injector off-time values don't have to be exactly

correct. In fact, some aftermarket ECUs just provide generic values. Adjusting the fuel pressure
will skew the results somewhat because increasing the fuel pressure does increase the injector
off-time values. If the data sheet you find or receive is a short list, you can mathematically find
the value in between any two consecutive data points, by averaging. If your injector data sheet
only provides values up to 15 volts, divide that value by 7, and use that subtraction factor for
the last six cells. Ensure the alternator can maintain the battery charge at idle. This is a big
problem with older alternator designs, even if it's a high amp alternator and they output a lot of
electrical noise. However, modern design alternators are capable of producing most of their
power amps at idle speeds. These modern designs simply have larger stators, more windings,
better rectifiers, etc for greater idle speed output. I believe Mopar owners can retrofit a certain
model Denso alternator. It's for serious race engines with radical camshafts that can't maintain
a steady kPa value because it fluctuates too much. Alpha-N Idle Fuel still has the benefits of O2
compensation, however, it can't sense load because it doesn't use the MAP sensor at idle.
Alpha-N Idle Fuel should only be used as a last resort. Adding idle resolution to the kPa Y axis
usually resolves issues with a radical camshaft. Of course, forced-induction applications must
use speed-density mode MAP sensor , since they need to measure load points under boost.
Alpha-N was only necessary at actual idle. May God's grace bless you in the Lord Jesus Christ.
Join Date Jul Posts Ultimate useful topic, thanks! Swap this engine and transmission to Chevy
Vette C3! Join Date Oct Posts Thanks for the writeup! This is rarely an idle problem, but I'll
mention it anyway. I once helped a friend with an fluctuating erratic idle, and we found his PCV
valve was intermittently failing; not metering properly. Large camshafts can also cause PCV
valve malfunctions, due to unstable idle vacuum. I like knowing the predetermined vacuum draw
PCV orifice is always the same. I think the idle is more consistent too. FYI: For naturally
aspirated engines only. All high quality components, and it works great. I used the idler pulley
for something else. I used two heim joints 1 male , 1 female threaded into each other, so it
adjusts belt tension like an alternator. My engine has a rear sump oil pan with it's own dipstick
tube. I've periodically disassembled the vacuum pump for inspection which is extremely easy
since the pump body remains on the engine , however, I've never had to actually clean it. The
vacuum pump pulls in just enough oil vapor to keep it lubricated, and there's never too much oil
in the breather tank there's a good baffle in the valve cover. It draws such a strong vacuum, I
had to remove two of the four vanes internally, and restrict the suction hose I. The on-pump
adjustable vacuum regulator is set to 3. My only complaint against Moroso, is they offer only
one 5" diameter V-belt pump pulley. We need more larger diameter options, because the future
of vacuum pumps is not crankshaft driven. Moroso, think outside the box. When the secondary
vacuum relief valve is disabled, the crankcase vacuum is maintained under full vacuum from the
adjustable on-pump regulator only. Vacuum pump systems stink a little bit because they pull
crankcase gases out of the engine, and vent it into the engine compartment via the breather
tank vent filter. Of course, this doesn't matter on a race only vehicle, but it's unacceptable for a
street driven vehicle. Now I don't have to smell it, or periodically clean a vent filter. Join Date
Dec Posts 1, Danny, can you elaborate some more on the issues that might occur when using
Drive-By-Wire, since there is no IAC motor in a conventional sense. Also, since I have two big
throttle bodies, what might be some challenges that I might face? I have the car idling pretty
well right now, but I don't like how slowly it settles back to idle after blipping the throttle. Which
parameter effects this? Thanks Scott. Would you mind elaborating on those four parameters,
and how changing them effects things, especially with dual throttle bodies? Originally Posted
by andrewb Last Jump to page:. About us Holley has been the undisputed leader in fuel
systems for over years. Join us. All right reserved. To enter the diagnostic mode and check the
existing error codes in memory, do the following:. Turn the ignition switch button still hold and
wait for about 8 seconds until the dashboard inscription "dIAG". Once the dashboard displays
the diagnostic mode d01 button to turn off the stop of the engine. Press the Select top to get to
the line number [d60]. This cell shows the number of currently existing bugs. View room facing
opposite d All cells diagnostics above 60 - is the line diagnosis of each component separately.
Learn more - see below. To clear the error from the system memory come on line d62 and
includes buttons stop the engine on the right panel. Press Select top need to go to the index
[d60] self-test in real time and [d61] memory error and see the number next. The number next to
the room and there is an error, please make note of the "brain". And all the other numbers from
[d01] and to [d60] - this performance of different sensors eg [d01] is a position of the throttle
percentage at the moment, to twist and understand everything. Adobe Acrobat Document Turn
off the ignition, the engine stop button to put in the ON position. Disconnect the fuel pump
connector. In the range list from d01 to d59 performed a self-test system components. The
inclusion of some components is made with the engine brake. Switch off ignition. Press both
buttons on and keep them tidy. Turn the ignition, hold the button after the ignition is about 8

seconds. Wait inscriptions DIAG. Release and press both buttons together on the tidy again for
2 sec. A [d01]. This is the first diagnostic indicator shows the position of the throttle.
Convertible top or sunroof control Roof function center FZD. Comfort access control module
Front door outer handles control modules Siren and tilt alarm sensor. Longitudinal dynamics
management Towing hitch release speaker. Shift selector lighting Telephone eject box
Telephone transceiver. Roof function control center Park distance control PDC. Cargo
compartment lights Central information display Glove compartment light Trunk light. Fuel
injectors Ignition coils Interference suppression capacitor. Convertible: Diversity antenna
Gearshift bezel lighting Non-convertible: Electrochromic rear view mirror Gearshift bezel
lighting. Comfort access control module Front door outer handles control modules. Selector
lever illumination Longitudinal dynamics management. Crankshaft sensor Fuel tank vent valve
Mass air flow sensor Oil condition sensor Variable intake manifold controllers Volume control
valve. Fuel injectors Ignition coils Ignition coil interference suppression capacitor. Crankshaft
sensor Engine control module ECM Fuel tank vent valve Fuel volume control valve Mass air flow
sensor Oil condition sensor Variable intake manifold controllers. Dynamic stability control DSC
Transfer case control module. Anti-theft alarm siren, tilt sensor Convertible: Door microwave
sensors. Comfort access control module Dual remote control receiver Front door handle control
module. Diversity antenna Electrochromic rear-view mirror Selector lever illumination. Glove
compartment light Heating and air-conditioning Trunk or cargo compartment light. Crankshaft
sensor Fuel tank vent valve Oil condition sensor Volume control valve. E-box fan Exhaust flap
Fuel tank leakage diagnostic module. Even if you choose a different brand Espar instead of
Webasto , different fuel diesel instead of gasoline or different van Sprinter, ProMaster instead of
the Transit , this should get you going. Follow the guide! Disclosure : This post contains affiliate
links, which means that if you click a product link and buy anything from the merchant Amazon,
eBay, etc. The price you pay remains the same, affiliate link or not. The fuel is typically sourced
from the vehicle main tank, which is very convenient since there is no need to monitor and refill
an auxiliary tank. When looking at the numbers above, keep in mind that the heater doesn't run
all day. The colder it gets, the longer it has to run during the day. In a vented heater, the air used
for the combustion outside air is completely isolated from the air used to heat the cabin inside
air. The heat is transferred from one to another via a heat exchanger. As a result:. In a
non-vented heater, the air used for the combustion is the same air used to heat the cabin. While
you might naturally want to go for more BTU more heat is better, right? And that phenomenon
gets worst as you go up in altitude. Too much carbon buildup and the heater will stop working.
That being said, you can operate your heater for years without carbon buildup issues by
choosing the right size, by following installation requirements and by operating the heater
correctly. A larger van has more square feet to heat, so it requires more BTU. The heater must
compensate for the heat loss. The more a van allows heat loss poor insulation , the more the
heater has to work. Oversizing your heater might sound like a good idea to make sure you get
enough heat. But unfortunately, this can lead to carbon buildup issues. This variable alone
makes our choice much more complicated, as getting the right size heater is critical. Having
proper insulated window covers is essential for winter vanlife, to minimize heat loss but also to
make the living area more comfortable otherwise it's very cold near the windows. We spent
some time in Arizona desert in winter and, yes, it gets quite cold at night. We used our heater in
the mornings and evenings. On the other hand, we spent an entire winter in Canada and near
the border of Alaska and it's on a whole different level. Having a reliable source of heat is
critical for safety when it's that cold! A van with a "garage" setup like ours requires less BTU,
because the garage is not heated as much. And with our living space being in front of the van,
having the Webasto installed under the passenger seat is ideal for us. In addition, heat rises, so
our "elevated" bedroom area is always nice and warm. On the other hand, installing the heater
under the passenger seat might not be ideal for a layout where the living space is in the back.
The combination of all the variables above makes it hard to provide clear guidelinesâ€¦ That
being said, after spending two winters full-time in our van in USA and Canada, here is our
opinion on which size heater to get:. It'll still be enough to maintain your van warm in colder
temperatures, but it'll take a longer to warm up a completely frozen van left alone without
heating for a long time. It is worth considering for a van layout without a permanent garage
under the bed which means more space to heat. Ask around and you will get all kinds of
recommendations. Most reviews come from people that just finished their installation and are
very excited to share itâ€¦. They both offer high-quality products backed by customer support
via a network of dealers Webasto Dealer Locator Espar Dealer Locator. For this reason, we
highly recommend one brand or the other. In , Espar updated their lineup with the new S2 and
M2 models : these are pre-wired greatly simplify the installation , feature a built-in automatic
altitude adjustment module nice! Looks like Espar listened to their customers! The location of

the heater plays a role in heat distribution, and hence your comfort. As a result the floor, the
living room swivel seats area and the kitchen are nice and warm:. Hot air rises, so the bedroom
area is nice and warm as well. So we open the curtain as needed. Another popular layout
features a galley that runs through the entire length of the van, with a table that can convert to a
bed in the back of the van. With this interior layout, there is more square feet to heat and the
heat distribution is not as uniform. So if the heat source is installed at one extremity e. We
would consider installing the heater in the center with 2 hot outlets apart from each other,
maybe? As we mentioned, this is not an exhaustive list. Please proceed and read the manual!
Then you should reconsider installing the heater yourself or building a van yourself , as
requirements are critical for any system to work properly and safely electrical, plumbing,
propane, etc. The soot can either be a fine powder or a super hard material that deposits on the
surface of the combustion chamber carbon buildup. Too much soot or carbon buildup will
eventually clog the heater and it will stop working. Air-fuel ratio is critical for a complete
combustion reaction. So a rich burn is the condition that promotes soot and carbon buildup.
Okay, but how can we avoid it? This page contain all the information to prevent it, but here is a
recap of the most common causes :. When we had issues, we almost immediately sent back our
heater saying it was problematic. After inspection, they found no issues with it. How could that
be? We re-installed the heater after it was completely cleaned by the Webasto crew and the
problems came back. It was hard to digest, but we were left with no other choice than thinking
we might be responsible for this. So we completely revisited our installation and the way we
operate that thing keep reading! But we can tell that our issues are definitely gone because of
these changes. We learned the hard way and hopefully you can learn from us and prevent
problems instead of fixing them! At this point you most likely have to change your burner
assembly combustion chamber. We dit it in the past and we documented it here:. The
concentration of oxygen lowers with altitude. This has a huge effect on combustion engines, or
anything that burns fuel really. Indeed, the correct air-fuel ratio is critical for the combustion
reaction to be complete to burn all the fuel. As a general rule, 1,m 5,ft is considered high altitude
and you might have to take action if you spend an extended period a few days above that
altitude :. The following heater models feature an automatic altitude adjustment no action
needed! The following heater models must be adjusted manually:. The high-altitude adjustment
can be performed by a Webasto dealer; they have access to specialized tools that analyze the
exhaust gas to validate that the air-fuel ratio is correct at the altitude where the adjustment is
performed. Or you can actually perform the adjustment yourself , like we did. To do so, you will
need the rheostat controller:. In a house, you simply set the desired temperature and you can
forget about it. As we know it now, this can lead to carbon buildup issues. Corrective actions :
To prevent carbon buildup, we now operate our Webasto Air Top as follow:. And to be honest,
the way we operate it might be a bit over the topâ€¦ With a proper installation and at sea level,
all of that might not be necessary. This is important to know, as many people believe their
heater is wayyyy out of adjustment when they first use it. Take the case where the heater is
installed under the passenger seat: ambiant air under the seat is much colder than ambiant air
in the living space. Fortunately there is a way around it. Once installed, the heater will use this
sensor instead of the built-in sensor at the cold air intake. We personally installed our remote
room temperature sensor near the MultiControl HD, approximately at shoulder height in the
middle of the living space further away from the hot air exhaust. Webasto, SensorPush
faroutride. The MultiControl HD is advertised as having 21 timers, and it does. This is due to
legal requirements for passenger vehicles. Fortunately there is a way to re-program the
MultiControl HD to unlock all 21 timers. After this procedure, you will be able to make all of them
active simultaneously:. We had a lot to figure out at the time, but we hope this guide helps you
finish the job faster than us! Disconnect the wiring harness. The seat is free to go! Take the jack
out of the way it can be re-fitted here afterwards. We had to trim on of the jack's bolt to make
room for the heater:. It is critical to install the heater on a flat surface. This way, the gasket the
large rubber thingy under the heater can seal effectively and prevent fumes and carbon
monoxide from entering the cabin. Under the floor this is an "after" photo :. As you can see, we
drilled a hole for each component intake, exhaust, fuel line, mount bolts. If we had to do it again,
we would probably do it like this:. Paint adds pretty finish and colors, but it also plays a critical
role: paint prevents metal from rusting. When trimming a cutout e. Following all the installation
requirements length, slope, bends, etc. Then we attached the intake to it. As simple as that:. We
initially installed the fuel pump using a cross nut and the clamp provided with the Webasto
installation kit not shown in the photo, a small piece of foam as an attempt to dampen the
clicking noise :. However, we recently tried to mount the pump with a Quick Fist amzn. The
quick-fist is zip-tied the tank attachement strap:. The Transit fuel tank features an auxiliary fuel
port and pick up straw; no need to drill! To connect the Webasto fuel line to the Transit aux.

HOWEVER, we later found this Webasto reducer and we would recommend it instead it
minimize the formation of bubbles, that's what we have on our van now :. To install the auxiliary
fuel port, the tank must be lowered. So first things first, make sure that the fuel tank is almost
empty before lowering it. Remove the 6 bolts securing the tank and lower it. The tank is
surprisingly light weight if emptied. No need to unplug anything, but it won't go all the way to
the ground so use about just anything to keep it higher:. This is how it looks after putting it
back together. We protected the Webasto fuel line inside a rubber fuel hose, but looking back
many years later it seems that might be unnecessary as we didn't observe any damage from
rocks or any flying object. The fuel pump has no polarity. We installed the Webasto outlet on the
seat pedestal and we used the provided clamps to secure the duct:. Simply snap the protective
screen on the Webasto intake sorry no photo, but you'll figure it out! Connect the wiring
harness to the Webasto. We routed our harness between the seat pedestal and the floor, then in
the driver-side wall all the way to our electrical system cabinet. Connect your controller to the
harness the rheostat is connected to the pigtail labeled as "Potentiometer", or the MultiControl
HD to the pigtail labeled as "Telestart" :. Connect the wiring harness to your 12V distribution
fuse block. Red wire is positive, brown wire is negative. As a result, there is always a mismatch
between the temperature obtained in the living space compared to the temperature selected on
the MultiControl HD the living space is warmer than selected. The solution is to install a remote
room temperature sensor in the living space near the controller : once installed, the Webasto
heater will use this sensor instead of the one in the cold air intake. Then the living space
temperature will match with the one selected on the MultiControl HD! There is a resistor hidden
somewhere in the wiring harness. The goal is to replace the resistor with the remote room
temperature sensor instead:. Here is what the resistor looks like after we trimmed it. Expect it to
be hidden in the wiring harness under black tape, so you'll have to search for it:. We found the
resistor near the Webasto heater itself. The remote room temperature sensor is 5 meter long,
that was more than enough to route it towards the back of the van:. We installed the remote
room temperature sensor near the MultiControl HD and since then, the temperature of our living
space matches with the temperature we select on the MultiControl HD! SO, if we had to build
another van, what heater would we choose? We also prepared the following guides, which are
very related to the heater topic:. Great article! Would removal consist of removing the mounting
plate and the furnace.? How would the mounting plate be secured to the floor? If you were
starting fresh with a heater install, would you go with the Evo over the STC? Thanks for a great
write up on almost all things heater install related. This is a two person job! Other than that the
instructions are spot on. Fuel consumption is higher than idling the 6. I really doubt fuel
consumption is lower when idling a vehicle. And on top of that it wears out the engine to idle.
We live full time in our van, idling the engine all day is really not an option. We will be part time
vanlifers. From your experience, below what temperature do you have to start your webasto?
Thank you so much for your time! We like to be comfy in our home. This by far the most
informative site out there. You two did a great job putting this together. I will be using and
purchasing the parts for my Transit build thru your site, thanks for putting all this in one place. I
have the same Webasto in my Promaster with the multicontrol. Can I simply unplug the 4 pin
connector from the multicontrol and plug into a rheostat to perform the high altitude
adjustment? Additionally, how did you ground the brown wire as it is connected to a different
connector? Did you cut it and splice on longer wire to reach ground? Lastly, is the same brown
wire used to adjust the multicontrol to program multiple timers at once? Thanks a ton! This
website is amazing. You mentioned that the webasto does great at drying your wet skies, ect.
Do you just place your wet items near the heater or do you leave them in the garage? Is the
webasto outlet sufficient enough to reach items in the garage? Asking because I am toying with
the idea of diverting a second air duct outlet from the webasto to a separate drying area for
wetsuits, skies, ect. Sorry to hear amazon got rid of the affiliate payment. We dry our gear for
hour and then put it back in the garage. Hi guys, Thank you so much for all those information. I
was wondering if your Ford Transit has a toolbox under the passager seat door side and if it
was a problem when you installed the webasto. There is no toolbox there in our Transit. The
toolbox for spare tire is in a separate compartment. Hi: I will be ordering a Transit LWB, high
roof but shorter body next February, and am doing a lot of preparatory homework. Your site is
excellent. Thank you guys a lot! Do you foresee any problems doing a similar install the
Webasto heater STC version on a transit with factory installed swivel seats? I am having trouble
with the Webasto site. I tried to find the elbow A to reduce from 7. But, it did not show up in a
search of their site. I tried to email them my question, but I cannot read the print too faint in the
cells that need to be filled in to send my question to them. Also, not having much automotive
work experience, I am reluctant to detach the gas tank. I am unsure about connecting the new
fuel port to the top of the tank. If I mess that up I will have a crippled vehicle under my carport,

and it may be hard to find someone to resolve the problem. Is there more detail about this part
of the installation? Is the existing one pried off, twisted offâ€¦? How does the replacement fit
into place, push, twist..? From what I can see on the instructions, the rest of the process should
not be very difficult. To remove the existing port, you must press the tabs and pull up. To install
the new one, you simply have to press down. If I recall properly, you have to press the blue tabs
on each side on the port:. I want to order a furnace. Can I do that through your site? Thanks
Ralph. This site uses Akismet to reduce spam. Learn how your comment data is processed.
Table Of Content. Fuel Consumption. Low: 0. Current Draw. Low: 1. Vented Heater. Heating
greatly lowers the relative humidity RH in the van. There is no risk for carbon monoxide
poisoning. Vented heater Webasto, Espar, Propex, etc. Non-Vented Heater. Heating greatly
increases the relative humidity RH in the van water vapor is a product of propane combustion!
There is a high risk for carbon monoxide poisoning a window or fan MUST be opened to vent
the carbon monoxide. Non-vented heater Mr. Buddy and such. Condensation and Moisture in a
Van. Why it happens and how to control it. Read More. Van Size. Van Selection. Insulation Type.
Insulation Guide. Carbon Buildup Prevention. Insulated Window Covers. Winter Vanlife. Interior
Layout. Van Tour. Espar M2-B4L. Espar S2-D2L. Espar M2-D4L. Webasto Air Top Dimensions.
Dimensions in mm. Click to enlarge. Espar S2-D2L Dimensions. Forward, under the passenger
seat. Take our van tour. Centered or at the back. Combustion Pipes Length. More length
increases air restriction, which can results in carbon buildup issues. The manual mentions 5m
without silencer, 2m with exhaust silencer. However Tech Webasto still recommended us to
keep it below 2m, silencer or not. Combustion Pipes Bending. Each bend increases air
restriction, so does a sharp bend. In other words, a straight line is better! Exhaust silencer. A
silencer adds quite a lot of air restriction. Personally, we decided not to install an exhaust
silencer. But many people have them and they're fine Exhaust Dumping. Exhaust must not be
dumped under the vehicle; the exhaust pipe must end outside the vehicle edge. Carbon
monoxide is lighter than air and will pool under the floor, eventually making its way inside the
van. Exhaust constant downward slope. Try to route the exhaust in a constant downward slope.
Otherwise it creates low points where water can accumulate and increase air restriction. Water
vapor is a product of combustion see next requirement. Exhaust drain hole s. Try to avoid low
points. Otherwise water will accumulate in each low point and increases air restriction. Water
vapor is a product of combustion! Not convinced? Without drain holes, all this water would clog
the pipe. Fuel Pump Location. Install the fuel pump as close as possible to the fuel tank. To
ensure the pump can prime the line and operate as it should. Fuel Pump Orientation. Install the
fuel pump oriented per owner's manual. The following picture is an extract of the Webasto
manual, consult the Espar manual if applicable. Clamps for fuel line. Use fuel hose clamps only.
Worm gear clamps do not provide uniform sealing pressure, and as a result air bubbles might
form on the low-pressure side between the fuel tank and the pump. We personally tried that and
didn't notice much difference. This noise is heard mostly outside, not inside. NOTE: A silencer
exhaust adds air restriction. Because we initially had carbon buildup issues, we removed the
silencer and we did not re-install it to this day. That being said, we know plenty of people with
silencer that didn't get any issues. It also acts as an air filter. NOTE: The intake silencer doesn't
add much air restriction, and we personally have it installed in our Webasto system. NOTE: The
cabin fan noise is constant white noise and even if it's quite loud, we honestly don't really mind
it. Lean Burn. A lean combustion not enough fuel in the air-fuel mix happens when the heater is
used at a lower altitude than it is programmed for. According to Tech Webasto , a lean
combustion does not damage the heater , but results in slightly less heat. A lean burn is kind of
hard to identify actually, it's similar to a clean burn. Clean Burn. A clean combustion perfect mix
of air VS fuel happens when the heater is used at the altitude than it is programmed for. A clean
burn is the best compromise between the amount of heat produced and the pollutants soot
generated. A heater that burns clean requires less maintenance. A clean burn produces a
minimal amount of white fumes coming out of the exhaust. Rich Burn. A rich combustion too
much fuel in the air-fuel mix happens when the heater is used at a higher altitude than it is
programmed for. It can also happens when there is too much air restriction in the exhaust
exhaust too long, no drain holes, too many bends, silencer, etc. A rich combustion produces
soot. The soot deposits in the combustion chamber and in the exhaust and can becomes
extremely hard a. A rich burn produces dense, darker fumes coming out of the exhaust. A very
rich burn condition will sometime produces small explosions that's the extra, unburned fuel
suddenly igniting. Exhaust too long. No drain holes on low point. Sharp bend or too many
bends. No constant downward slope. Heater fired up for less than minutes. Heater running on
"Low" for too long. Before shut down, "boost" it for 10 minutes. Adjust your heater for high
altitude and leave it there at all time. If your heater has automatic altitude compensation, you
have no adjustment to perform. At very high altitude let's say 7,ft and up , try not to let your

heater run on "low" even if it's adjusted for high altitude. In most cases, carbon buildup issues
could have been prevented. Santuario El Rosario, Mexico. We had to start the heater that night
Automatic Altitude Adjustment. Manual Altitude Adjustment. Webasto Rheostat. Buy on
Amazon. At this point, your heater should be connected electrical, fuel, etc. The rheostat should
be connected the the pigtail labeled as "User Potentiometer" ours was located near the heater
itself. If you're using the MultiControl HD, disconnect it. OK let's do this! Using any electrical
wire, connect the CO2 calibration wire to your system ground. This can be, for example, your
negative bus bar. It should be located near the extremity of the harness far from the heater unit
itself :. Or turn it up to for very high altitude around 10,ft. This will fire up the heater. Wait a few
minutes. The LED on the rheostat will eventually begin to flash. Go the the next step. Or for very
high altitude adjustment around 10,ft. Keep the heater running for 3 minutes. The procedure is
over! Let the heater run for an extra 10 minutes this is just so it reaches a high temperature and
stay clean then turn if off. At this point, a Webasto dealer would analyze the exhaust gas to
make sure the air-fuel ratio adjustment is correct In our case, there is no way to tell if the
procedure was successful or not. Gotta have faith! Time will tell! According to Tech Webasto , a
lean combustion does not damage the heater, so there is no need to change the adjustment
back to sea level. We made the high altitude adjustment in , and since then we are running our
heater adjusted for high altitude at all time even at sea level. We didn't notice the reduced
output and we believe that a leaner combustion actually helps preventing carbon buildup as
discussed with Tech Webasto. It means that if the Webasto is unplugged, of if the main power is
turned off, the high altitude adjustment is not lost. The high altitude adjustment remains until it
is manually adjusted back to sea level altitude. Turn the heater control knob to When the LED
on the rheostat begins to flash, turn the control now to and keep the heater running for 3
minutes. For example, we set a timer so the heater stops an hour after we go to bed, then run
for an hour in the middle of the night and start again an hour before we wake up. This minimizes
the cycling and the duration that the heater spends on LOW. Remember that higher elevation
makes the carbon buildup problem worst. Do not use your heater for less than minutes. This is
to let the heater reach a high temperature and clean itself. Temperature sensors are best located
at shoulder height, in a central location:. Buy on eBay. The controller includes an integrated
room temperature sensor. Use a small flat bit to pry the back of the MultiControl HD away pry all
around. The MultiControl HD will reboot. Don't let go! You have to keep the connection until the
end of the procedure or you'll have to start over that's the hardest part! Don't be shy, select all
21 of them! Note: The "Service" menu also has a bunch of other options. So be careful not to
mess with them unless you know what you are doing! Change heater Adjust min-max duration
Permanent mode Cancel ventilation Temperature range Show room temperature a cool feature
Unibox set Undervoltage shutdown Unlock heater careful with that one Base configuration.
Thanks to Marc B. The procedure will be slightly different if you've got a different van Sprinter,
ProMaster, etc or a different heater Espar , of course, but the general principles remain the
same. Time Spent. Electrical System. Remove the 2 screws in the front:. Remove the 2 screws in
the back:. Good to know. Mount Plate. Looking on top:. We made our own mount plate, but it
can be purchased. See "Material" section. This is an "after" photo. If we had to start over. Install
the heater on the mount plate exhaust, intake, fuel line and bolts. Rust Prevention. Installation
Requirements. You made it! Ready to fire up! Not so fastâ€¦ we emptied the fuel tank in order to
lower it, right? There is no need to manually fill the fuel line. However, expect around 2 to 4 false
starts before the fuel line is primed before the fuel reach the Webasto heater. The longer the fuel
run between the fuel tank and the Webasto, the longer it takes for priming. It takes about 2
minutes for the abort sequence to kick in. Once it kicks in, the heater stops pumping fuel and
the combustion fan goes full speed to evacuate the excess unburnt gas from the combustion
chamber. Let it do its things. After a false start, the controller flashes to indicate an error; it has
to be reset before it can be fired up again. Once it successfully starts, let it run at max power for
at least 15 minutes. Installation July. Carbon buildup issues. Heater won't start December.
Heater is sent for inspection and cleanup. It's working again. Full time Vanlife August Issues
come back October. New burner install see our detailed How-to. It's working like new. Exhaust
silencer is removed, drain holes are added, better downward slope. We adjust the heater for
high altitude. From now on we operate our heater as described in "Theory" section. A Propex
HS propane heater is added as a backup in prevision of winter we're still nervous about our
Webasto. Unless we have issues with the Webasto, we don't use the Propex. No issues at all.
Remote room temperature is added. We activate all 21 timers on the MultiControl HD. Still no
issues! It's fair to say our corrective actions from solved the issues. We absolutely LOVE that
it's using the fuel from the van tank. It's DRY heat, which is critical in a van. Low fuel and
electrical consumption. It pushed way more heat than the Propex HS They're sensible to a
proper installation and usage. This means it sometimes takes 2 startup attempts the next time

to re-prime it. More noise than a propane heater. Winter Vanlife Guide. Condensation and
Moisture. Webasto VS Propex. We're just getting started. Our Story. Product Reviews. Nice To
Meet You. This is extremely unbelievably helpful, as is the rest of your site. What are your
thoughts? Hi guys, This website is amazing. From what we were told, there is plenty of room; no
issue! Thank you. I see those links now. I have a Transit, long WB, medium roof. Thanks a lot for
your help. If I recall properly, you have to press the blue tabs on each side on the port: Good
luck! Thanks Ralph Reply. Leave a Comment Cancel reply Comment Name. To insulate the seat
pedestal area you most likely have leftovers from insulating your van! Following reviews of
proposals, the United States Air Force selected McDonnell Douglas's design in to meet the
service's need for a dedicated air superiority fighter. The Eagle first flew in July , and entered
service in It is among the most successful modern fighters, with over victories and no losses in
aerial combat, with the majority of the kills by the Israeli Air Force. The F was originally
envisioned as a pure air-superiority aircraft. Its design included a secondary ground-attack
capability [4] that was largely unused. The aircraft design proved flexible enough that an
all-weather strike derivative , the FE Strike Eagle , an improved and enhanced version which
was later developed, entered service in and has been exported to several nations. As of , the
aircraft is being produced in different variants. The F can trace its origins to the early Vietnam
War , when the U. Air Force and U. Navy fought each other over future tactical aircraft. Defense
Secretary Robert McNamara was pressing for both services to use as many common aircraft as
possible, even if performance compromises were involved. As part of this policy, the USAF and
Navy had embarked on the TFX F program, aiming to deliver a medium-range interdiction
aircraft for the Air Force that would also serve as a long-range interceptor aircraft for the Navy.
In January , Secretary McNamara asked the Air Force to consider a new low-cost tactical fighter
design for short-range roles and close air support to replace several types like the F Super
Sabre and various light bombers then in service. The A-4 and A-7 were more capable in the
attack role, while the F-5 less so, but could defend itself. If the Air Force chose a pure attack
design, maintaining air superiority would be a priority for a new airframe. The next month, a
report on light tactical aircraft suggested the Air Force purchase the F-5 or A-7, and consider a
new higher-performance aircraft to ensure its air superiority. This point was reinforced after the
loss of two Republic F Thunderchief aircraft to obsolete MiGs on 4 April In April , Harold Brown ,
at that time director of the Department of Defense Research and Engineering , stated the
favored position was to consider the F-5 and begin studies of an "F-X". An official requirements
document for an air superiority fighter was finalized in October , and sent out as a request for
proposals to 13 companies on 8 December. Meanwhile, the Air Force chose the A-7 over the F-5
for the support role on 5 November , [8] giving further impetus for an air superiority design as
the A-7 lacked any credible air-to-air capability. Eight companies responded with proposals.
Following a downselect, four companies were asked to provide further developments. In total,
they developed some design concepts. Through this period, studies of combat over Vietnam
were producing worrying results. Theory had stressed long-range combat using missiles and
optimized aircraft for this role. The result was highly loaded aircraft with large radar and
excellent speed, but limited maneuverability and often lacking a gun. Marine Corps to provide
air superiority over Vietnam, the only fighter with enough power, range, and maneuverability to
be given the primary task of dealing with the threat of Soviet fighters while flying with visual
engagement rules. In practice, due to policy and practical reasons, [11] aircraft were closing to
visual range and maneuvering, placing the larger US aircraft at a disadvantage to the much less
expensive day fighters such as the MiG Missiles proved to be much less reliable than predicted,
especially at close range. Although improved training and the introduction of the M61 Vulcan
cannon on the F-4 did much to address the disparity, these early outcomes led to considerable
re-evaluation of the Project Forecast doctrine. Through tireless championing of the concepts
and good timing with the "failure" of the initial F-X project, the " fighter mafia " pressed for a
lightweight day fighter that could be built and operated in large numbers to ensure air
superiority. By this time, the Navy had decided the F would not meet their requirements and
began the development of a new dedicated fighter design, the VFAX program. The resulting
studies took 18 months and concluded that the desired features were too different; the Navy
stressed loiter time and mission flexibility, while the Air Force was now looking primarily for
maneuverability. The added weight demanded a much larger wing to allow the aircraft to
operate at the required high altitudes. However, to observers, it appeared outwardly similar to
the very large F-X studies, an aircraft with high speed and a large wing offering high
maneuverability, leading to serious concerns throughout the Department of Defense and the
various arms that the US was being outclassed. The MiG was likewise a subject of concern, and
it was generally believed to be a better aircraft than the F Holloway pressed for a pure
air-superiority design that would be able to meet the expected performance of the MiG VFX was

considerably closer to the evolving F-X requirements. The Air Force in-fighting was eventually
ended by the worry that the Navy's VFAX would be forced on them; in May , it was stated that
"We finally decided â€” and I hope there is no one who still disagrees â€” that this aircraft is
going to be an air superiority fighter". In September , a request for proposals was released to
major aerospace companies. However, details of the avionics were left largely undefined, as
whether to build a larger aircraft with a powerful radar that could detect the enemy at longer
ranges was not clear, or alternatively a smaller aircraft that would make detecting it more
difficult for the enemy. The companies submitted technical proposals by June The Eagle's initial
versions were the F single-seat variant and TF twin-seat variant. It was dropped in favor of the
standard M61 Vulcan gun. The F used conformal carriage of four Sparrow missiles like the
Phantom. The fixed wing was put onto a flat, wide fuselage that also provided an effective lifting
surface. It would use computer technology with new controls and displays to lower pilot
workload and require only one pilot to save weight. Unlike the F or F-4, the F has only a single
canopy frame with clear vision forward. The F was favored by customers such as the Israel and
Japan air arms. The single-seat FC and two-seat FD models entered production in and
conducted their first flights in February and June of that year. The APG radar uses a
programmable signal processor PSP , enabling the radar to be reprogrammable for additional
purposes such as the addition of new armaments and equipment. Existing Fs were retrofitted
with these improvements. In , McDonnell Douglas and F radar manufacturer, Hughes , teamed to
privately develop a strike fighter version of the F The EPAWSS is an all-digital system with
advanced electronic countermeasures, radar warning, and increased chaff and flare capabilities
in a smaller footprint than the s-era Tactical Electronic Warfare System. More than FCs and FEs
will have the system installed. In September , Boeing unveiled its C Eagle upgrade, designed to
keep the F relevant through Seen as a necessity because of the low numbers of Fs procured,
the upgrade builds upon the company's FSE Silent Eagle concept with low-observable features.
The F has an all-metal semi- monocoque fuselage with a large- cantilever , shoulder-mounted
wing. Ailerons and a simple high-lift flap are located on the trailing edge. No leading-edge
maneuvering flaps are used. This complication was avoided by the combination of low wing
loading and fixed leading-edge camber that varies with spanwise position along the wing.
Composite horizontal all-moving tails outboard of the vertical stabilizers move independently to
provide roll control in some flight maneuvers. The F has a spine-mounted air brake and
retractable tricycle landing gear. The airframe began to incorporate advanced superplastically
formed titanium components in the s. The F's maneuverability is derived from low wing loading
weight to wing area ratio with a high thrust-to-weight ratio , enabling the aircraft to turn tightly
without losing airspeed. At certain speeds, the dynamic thrust output of the dual engines is
greater than the aircraft's combat weight and drag, so it has the ability to accelerate vertically.
The weapons and flight-control systems are designed so that one person can safely and
effectively perform air-to-air combat. B and D models add a second seat behind the pilot for
training. E models use the second seat for a weapon systems officer. It also has an internally
mounted, tactical electronic warfare system, Identification friend or foe system, an electronic
countermeasures suite, and a central digital computer. The HUD projects all essential flight
information gathered by the integrated avionics system. This display, visible in any light
condition, provides the pilot information necessary to track and destroy an enemy aircraft
without having to look down at cockpit instruments. These radars can detect and track aircraft
and small high-speed targets at distances beyond visual range down to close range, and at
altitudes down to treetop level. The radar feeds target information into the central computer for
effective weapons delivery. For close-in dogfights , the radar automatically acquires enemy
aircraft, and this information is projected on the head-up display. The F's electronic warfare
system provides both threat warning radar warning receiver and automatic countermeasures
against selected threats. A variety of air-to-air weaponry can be carried by the F An automated
weapon system enables the pilot to release weapons effectively and safely, using the head-up
display and the avionics and weapons controls located on the engine throttles or control stick.
When the pilot changes from one weapon system to another, visual guidance for the selected
weapon automatically appears on the head-up display. They can be attached to the sides of the
engine air intakes under each wing and are designed to the same load factors and airspeed
limits as the basic aircraft. However, they cause less drag than conventional external tanks.
Each conformal tank can hold U. All external stations for munitions remain available with the
tanks in use. The McDonnell Douglas FE Strike Eagle is a two-seat, dual-role, totally integrated
fighter for all-weather, air-to-air, and deep interdiction missions. The rear cockpit is upgraded to
include four multipurpose cathode ray tube displays for aircraft systems and weapons
management. The digital, triple-redundant Lear Siegler aircraft flight control system permits
coupled automatic terrain following , enhanced by a ring-laser gyro inertial navigation system.

Air Force FC aircraft. The AESA radar has an exceptionally agile beam, providing nearly
instantaneous track updates and enhanced multitarget tracking capability. F aircraft, providing
dynamic launch zone and launch acceptability region information for missiles to the pilot by
display cues in real-time. The first Eagle, an FB, was delivered on 13 November Israel was the
only operator to use and develop the air-to-ground abilities of the air-superiority F variants,
doing so because the fighter's range was well beyond other combat aircraft in the Israeli
inventory in the s. The Soviet Union could correlate a U. The FAs were modified to carry one
ASM on the centerline station with extra equipment within a special centerline pylon. The
program was officially terminated in During the Gulf War , the F accounted for 36 of the 39
air-to-air victories by U. Air Force against Iraqi forces. Iraq has confirmed the loss of 23 of its
aircraft in air-to-air combat. Air superiority was achieved in the first three days of the conflict;
many of the later kills were reportedly of Iraqi aircraft fleeing to Iran, rather than engaging
American aircraft. A Strike Eagle achieved an aerial kill of an Iraqi Mi-8 helicopter with a
laser-guided bomb. In , two U. The newer FE fleet was later cleared for continued operations.
The US Air Force reported on 28 November that a critical location in the upper longerons on the
FC model was suspected of causing the failure, causing the fuselage forward of the air intakes,
including the cockpit and radome, to separate from the airframe. FA through D-model aircraft
were grounded until the location received more detailed inspections and repairs as needed. It
also recommended a limited return to flight for units worldwide using the affected models. The
report stated that analysis of the FC wreckage determined that the longeron did not meet
drawing specifications, which led to fatigue cracks and finally a catastrophic failure of the
remaining support structures and breakup of the aircraft in flight. As a result of these problems,
General John D. Corley stated, "the long-term future of the F is in question". ACC also
recommended release of other U. Cuts are principally directed at platforms with single-mission
capabilities. The retirement of some of the FC fighters would save maintenance and upgrade
costs, which could be redirected to speed procurement of the F Lightning II. The air-to-air
combat role would be taken up pre-eminently by the F Raptor supported by the F Even if this
option is pursued, at least part of the FC fleet is likely to be preserved. The FE will remain in
service for years to come because of the model's primary air-to-ground role and the lower
number of hours on the FE airframes. During the Yemeni Civil War present , Houthis have used
RT missiles modified to serve as surface-to-air missiles. A video released on 7 January also
shows a modified RT hitting a Saudi F on a forward-looking infrared camera. Houthi sources
claim to have downed the F, although this has been disputed, as the missile apparently
proximity detonated , though the F continued to fly in its trajectory seemingly unaffected. On 8
January, the Saudi admitted the loss of an aircraft but by "Technical Reasons". On 21 March ,
Houthi rebels released a video where they hit and possibly shot down a Saudi F in Saada
province. As in the video of the previous similar hit recorded on 8 January, the target, while
clearly hit, did not appear to be downed. Saudi forces confirmed the hit, while saying the jet
safely landed at a Saudi base. Most prototypes were later used by NASA for trials and
experiments. A total of Fs have been lost to non-combat causes as of June However, the F
aircraft is very reliable with only 1 loss per 50, flight hours. Although the F continues to be a
front-line fighter, a number of older USAF and IAF models have been retired, with several placed
on outdoor display or in museums. In Tom Clancy's nonfiction book, Fighter Wing , a detailed
analysis of the Air Force's premier fighter aircraft, the F Eagle and its capabilities are
showcased. The F has also been a popular subject as a toy, and a fictional likeness of an
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