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Introduction to Propane Heaters

By reading this manual, we sincerely hope that you will find this to be a good investment of
your time. This manual is designed to offer knowledge of propane heaters to the person
just starting out in the field of propane heater repair as well as to the seasoned veterans of
the trade. If you happen to be one of the people just starting out, we do have a few pieces
of advice for you about using this manual. First, start by reading the next three sections of
the manual. By doing this first, it will give you a good starting point when it comes to
understanding the theory of propane heaters. Second, pay close attention to the section
titled “PARTS IDENTIFICATION and DEFINITION.” This section not only will tell you
what a part does in your heater, but it will also show you a picture of that component part as
well as how to troubleshoot that component. This section will be of major importance until
you get comfortable with the theory and the applications of propane heaters.

As you will notice, this manual has few part numbers located in the front portion of this
manual. This is done for a reason. The front portion of this manual is for educating people
about all of the different aspects involved with propane and propane heating. Once the
first part of the manual is read and understood, then the rest of the manual will be much
easier to comprehend, and then the part numbers may need to come into play. In order to
gain access to more specific part numbers, you can do that in one of three ways. First, you
can get a copy of PORTABLE HEATER PARTS latest TECHNICAL SERVICE MANUAL.
This manual usually is updated on a bi-annual basis and is regarded as the best source for
part numbers and accessories in the business. Second, you can visit our web site @
www.portableheaterparts.com and browse through our on-line Sales and Technical Service
catalogs. Last, and by far the most important, are the great customer service people at
PORTABLE HEATER PARTS @ (800) 362-6951 Ext. 1. Their knowledge and com-
mitment to their customer (you) is second to none!

And now, we get to the real reasons for writing this manual. The first reason (and most
important) reason is YOU, our customer. For without you, we would not be here. The sec-
ond reason is that this industry has not had a simple, in depth manual written about the
theories of how propane heaters work, and what to do with them when they don’t. We
hope that this manual fills that void. We hope to fill that void by providing a simple, easy
way of looking at the basics of propane heating, along with a simple way of helping you dis-
cover what could be wrong with your heater. If this manual accomplishes that, then it was
well worth writing. The last reason for writing this manual is that many people are appre-
hensive about working with propane heaters. This is only natural. By reading this manual,
we hope to alleviate some of that apprehension, and hopefully you will get to know a little
bit more about propane heaters.



Propane Heater Safety

Propane heaters can be an extremely safe way of providing heat as long as certain safety
precautions are followed:

1. Never check for gas leaks with an open flame. Use a one part soap to three parts
water solution to spray the gas connections. Propane vapor in a gas hose or in a heater
is under POSITIVE pressure, meaning that any leaks will be outgoing. Also, propane
vapor is HEAVIER than air, so if you have a vapor leak, the vapor will stay low and
accumulate, thereby creating a very dangerous situation.

2. Never try to convert propane vapor heaters to ANY other type of fuel source (nat-
ural gas, butane, or liquid propane without an external vaporizer). Any attempt to do
so violates any manufacturers warranties as well as any manufacturers liabilities. Make
sure to use vapor withdrawal cylinders only.

3. Never point a vapor propane heater or any other kind of heater at a propane cylin-
der. Locate the heater at least seven feet away from any propane cylinder. Itis true
that air moving around a propane vapor withdrawal cylinder will help propane “boil”
from a liquid to a vapor, but air movement around a vapor withdrawal cylinder should
be accomplished by using fans only, if at all. If you find that you need to use a fan to
help the “boiling” process, then go to a larger vapor withdrawal cylinder.

4. Never operate a vapor propane heater or any other heater with any factory
installed safety controls removed. The safety controls are there for a reason, let them
do their job. If you find that an original factory installed safety control is defective,
then replace it immediately with a factory-authorized replacement only. You may need
to remove or bypass a safety control for troubleshooting purposes only, but never let
that unit leave your workbench without reinstalling the proper safety controls.

5. Never replace a regulator unless it is a factory authorized replacement. Just
because some regulators look alike does not mean that they perform alike. 1f you
remove or change any part and replace it with a non-factory authorized replacement,
then the liability is yours alone. Doing this will also void the factory warranty.

6. Never put duct on a vapor propane heater unless it is explicitly authorized by the
original equipment manufacturer. If your heater was not designed for ducting (the
vast majority of them are not), then do not attempt to use ducting. The repercussions
of using ducting may cause a fire and also cause failure of heating components. Using
ducting not only will void your manufactures warranty, most insurance companies will
not honor a policy resulting from any damage from operating a heater that was not
used under original factory specifications.



7. Always allow for proper ventilation when operating any propane heater. The rec-
ognized industry guideline for this is usually three square feet for every 100,000
BTU’S of heat. For optimum ventilation, either try to split the ventilation openings
evenly between the floor and ceiling, or try to utilize cross ventilation.

8. Always secure propane cylinders with the shut off valve up to prevent toppling
over or falling.

9. Do not attempt to move, service, or handle a heater that is in operation or still
warm from operation.

10. Follow the owners manual to determine safe operating distances from combustibles.
11.  Use a properly grounded outlet and extension cord for propane forced air heaters.

12. Always adhere to any and all safety instructions that are listed in your owner’s
manual.

None of the above safety rules are to supercede manufacturers safety standards; these
rules should always be viewed as an addition to your factory specified safety instructions.



The Characteristics of Propane

The purpose of this manual is to help you understand the basic principles of propane, as
well as the basics of propane heaters and their components. We will explain how propane
turns from a liquid to a vapor; we will cover the propane as it leaves the cylinder until com-
bustion; we will also cover the parts along the way so you may have a full understanding of
how these things come together to produce a properly working heating system. This man-
ual will also discuss the pros and cons of the three types of heating (convection, radiant,
and forced air). This manual is to be used as a guide, not your whole source of knowledge.
You may run across problems and symptoms not covered here, but at least this manual
should give you a place to begin your problem solving. And as always, PHP is just a phone
call away!

There are two different types of propane cylinders. The first type, (which we will be deal-
ing with) is the vapor withdrawal cylinder. The second type is the liquid withdrawal cylin-
der. The vapor withdrawal cylinder is easy to recognize because the withdrawal valve is on
top of the cylinder. These cylinders come in various sizes ranging from 1 pound up to
1,000 gallons or more. To appreciate the size of the cylinders that are described in gal-
lons, let’s state some propane facts. A gallon of propane weighs in at 4.24 pounds, so the
1,000 gallon propane cylinder has 4,240 pounds of propane when the cylinder is full.
Therefore, if there are 4,240 pounds of propane in a 1,000 gallon cylinder, and if a pound
of propane has 21,548 BTU'’S (approx.), than there are 91,363,520 potential BTU’S in a
1,000 gallon cylinder. A chart listing the approximate BTU’S per cylinder is below:

As you can see, having the correct size cylinder is important. However, getting the
propane out of the cylinder is another

matter. As discussed earlier, the
BOTTLE SIZE: TOTALBTU’S propane in the cylinder is a liquid, but
(APPROX.) the vast majority of propane heaters
1Ib. . 21,548 burn vapor that is produced from the
51b ... .. 107,740 liquid propane in the tank. The
101, 215,480 process of creating vapor from liquid
20lb. ... 430,960 propane is called “boiling.”
401b............... 861,920
500b .. ... 1,077,400
60lb.............. 1,292,880
100Ib.............. 2,154,800
250gal............. 22,840,880
500¢al............. 45,681,760
1,000gal ............ 91,363,520




The Boiling Process

When a propane cylinder is full, the tank’s contents are approximately 85% liquid and
15% vapor. Once the cylinder is opened, and vapor is used from the tank, the liquid
inside the tank “boils” into vapor. The “boiling” action is caused by the outside tempera-
ture on the “wetted” (liquid filled portion) of the cylinder. As the outside temperature
drops, the “boiling™ action slows down, the pressure drops, and less propane vapor is avail-
able for fuel. Almost the same thing happens as the cylinder starts to empty. As you use up
the fuel, you have less of a “wetted” surface area to boil the liquid into a vapor. Simply stat-
ed, as the temperature drops the pressure drops. As the pressure drops, the vaporization
of BTU’S drops. See chart below:

POUNDS 100
OF 90
PROPANE 80
IN 70

CYLINDER 60

40
30
20
10

-15
28,000
26,000
23,500
21,000
19,000
16,000
14,000
11,000

9,000
7,000

Available BTU’sina 100 Ib. Bottle

DEGREES FARENHEIGHT

-10 -5 0 20 40 60 70
57,000 85,000 113,000 167,000 214,000 277,000 300,000
52,000 78,000 104,000 152,000 200,000 247,000 277,000
47,000 71,000 94,000 137,000 180,000 214,000 236,000
42,000 62,000 83,000 122,000 160,000 199,000 214,000
38,000 56,000 75,000 109,000 140,000 176,000 192,000
32,000 48,000 64,000 94,000 125,000 154,000 167,000
28,000 41,000 55,000 79,000 105,000 131,000 141,000
23,000 34,000 45,000 66,000 85,000 107,000 118,000
18,000 27,000 36,000 51,000 68,000 83,000 92,000
14,000 21,000 28,000 38,000 49,000 60,000 66,000

Heater selection should be based on appropriate tank sizing, the outside temperature, as
well as the area to be heated. However, what happens when you need to use a 400,000
BTU heater and it is 20 degrees outside?

T-Block

use 100 Ib. cylinders, you would have to manifold three of them

together.

There are two possible answers. The first answer is to use mul-
tiple cylinders. This process is called manifolding. For each
tank you add you need one T-block and one pigtail. Be sure to
check local codes to see how many
cylinders can be legally manifolded
together in your area. The second
answer is to use a larger bulk cylinder
(refer to the chart on page 6).

Various
Types
of

) . Pigtails
As you can figure out by looking at the

chart on the next page, if you want to



MAXIMUM CONTINUOUS DRAW IN BTU'S PER HOUR
AT VARIOUS TEMPERATURES IN DEGREES

0DEGREES 20DEGREES 0DEGREES 20 DEGREES 0 DEGREES 20 DEGREES
1CYLINDER 1 CYLINDER 2CYLINDERS 2CYLINDERS 3 CYLINDERS 3 CYLINDERS

POUNDS 100 113,000 167,000 248,000 367,000 545,000 807,000
OF 90 104,000 152,000 228,000 334,000 501,000 734,000
PROPANE 80 94,000 137,000 206,000 301,000 400,000 662,000
IN 70 83,000 122,000 182,000 168,000 363,000 589,000
CYLINDER 60 75,000 109,000 165,000 239,000 310,000 453,000
50 64,000 94,000 141,000 206,000 260,000 382,000

40 55,000 79,000 121,000 174,000 217,000 319,000

30 45,000 66,000 99,000 145,000 195,000 282,000

20 36,000 51,000 79,000 112,000 174,000 246,000

10 28,000 38,000 62,000 84,000 136,000 184,000

The Supply Issues with Propane Heaters

There are a few supply issues associated with propane heaters that need to be addressed
here. Quite often, technical issues associated with the performance of propane heaters do
not always involve the heater itself, but with the various components before they even reach
the heater. In order to have a properly working heater, we need to be able to guarantee the
delivery of the appropriate amount of each of three components, fuel supply, electric sup-
ply (if applicable), and air supply.

Fuel Supply

As we touched on earlier, guaranteeing an adequate fuel supply is one of the biggest prob-
lems associated with the proper performance of propane fired heaters. In order to have the
correct fuel supply we need to guarantee two things. First, we need to be able to get the
proper operating pressure (operating pressure is the propane pressure required by your
heater for safe and proper operation). In other words, supply pressure is the amount of
force behind the propane vapor. Second, we need to be able to maintain our proper fuel
volume (volume is the amount of inlet fuel required to insure proper operation). Your
heater requires that BOTH of these needs be satisfied to insure proper operation. As you
may have already figured out from the above statement, there is a big difference between
the required operating pressure in a fuel supply and the required volume in a fuel supply.
If the information listed above makes sense to you, then you may have come to the correct
conclusion that your heater can have the proper operating pressure, but your heater will
not work properly (or at all) without having the proper volume of fuel. For help in selecting
the proper propane supply cylinder(s) for your application, please refer to the previous sec-
tion titled “ THE CHARECTERISTICS OF PROPANE”.



Gas Hose Sizing

Maximum delivered propane capacity at 11" wc inlet pressure with a
.5" wc pressure drop in btu's per hour times 1,000

Hose length in feet
10 25 50 75 100 150 200

hose inside diameter

1/4" 27 16 11 9 8 6 5
3/8" 78 47 32 26 22 18 16
172" 165 100 70 55 47 38 32
3/4" 478 290 200 162 137 109 96
1" 1,018 616 425 351 291 233 204
11/4" 1,829 1,107 762 616 523 418 365

Maximum delivered propane capacity at 1 psi inlet pressure with a
.5" wc pressure drop in btu's per hour times 1,000

Hose length in feet

10 25 50 75 100 150 200

hose inside diameter
1/4" 28 17 12 9 8 6 6
3/8" 80 49 33 27 23 18 16
12" 170 103 72 57 49 39 33
3/4" 492 299 206 166 141 113 98
1" 1049 635 438 362 300 240 210
11/4" 1883 1140 785 635 539 430 376

Maximum delivered propane capacity at 5 psi inlet pressure with a
.5" wc pressure drop in btu's per hour times 1,000

Hose length in feet

10 25 50 75 100 150 200

hose inside diameter
1/4" 35 21 15 12 10 8 7
3/8" 101 61 42 34 29 23 20
172" 215 130 91 72 62 49 42
3/4" 621 377 260 210 178 142 124
1" 1324 801 553 456 378 302 265

11/4" 2377 1439 991 800 680 543 474



Gas Hose Sizing

Maximum delivered propane capacity at 10 psi inlet pressure with a
.5" wc pressure drop in btu's per hour times 1,000

Hose length in feet

10 25 50 75 100 150 200
hose inside diameter

1/4" 44 27 18 15 12 10 9
3/8" 126 76 53 43 36 29 25
12" 269 163 114 90 77 61 53
3/4" 777 471 325 261 222 178 155
1" 1655 1002 691 570 473 378 331
11/4" 2971 1799 1239 1002 850 679 593

Maximum delivered propane capacity at 20 psi inlet pressure with a

.5" wc pressure drop in btu's per hour times 1,000
Hose length in feet
10 25 50 75 100 150 200
hose inside diameter

1/4" 62 37 26 21 18 14 12
3/8" 179 108 75 65 51 41 36
12" 380 230 161 127 109 87 75
3/4" 1099 667 459 372 315 252 220
1" 2342 1417 978 807 670 535 468
11/4" 4206 2546 1753 1418 1204 961 839

10



How to Estimate Your BTU Needs

To determine the BTU needs for any job, you can use a simple formula. You will need to
have the following information to estimate the optimal number of BTU:

* Cubic Feet of Heating Job
* Heating Variable (always is .133)
* The Desired Temperature Rise

Cubic feet can be determined by computing the length x width x height. The desired tem-
perature rise is how warm your needs are inside the jobsite compared to how cold it might
get outside. For a chart indicating the design temperatures in your area, please refer to
page 43. The variable of .133 is a multiplier indicating heat loss.

You can now gather an estimate for BTU needs in the following example. You have a
building with measurements of 80 x 60 x 20. You want to have the temperature on the
inside to be maintained at 50 degrees. So far, you know that the cubic footage is 96,000.
You see on the chart that the coldest it could get in your area is -10 degrees. Your desired
temperature rise is now 60 degrees. Take the information in this paragraph and plug the
numbers into the formula to estimate BTU needed.

Formula;
Cubic Feet x Variable x Temperature Rise
96,000 x .133 x 60 = 766,080 BTU needed for this example.

Having the knowledge of BTU need will get you half way to the solution. You now must
decide the fuel preference, power supply available, and your inventory. We would recom-
mend that your customer rents or purchases two or more heaters for the job. If you have
two heaters on the jobsite and one of the heaters malfunctions, you still have one heater to
keep things warm until a technician can repair the broken heater.

11



The Three Types of Propane Heaters

There are three basic types of propane heaters: forced air, radiant, and convection. This sec-
tion defines each type of heater and discuss the advantages and disadvantages of each.

Forced Air

These heaters use an internal motor and fan to distrib- o~

ute heat. These are the ones commonly called “torpe- MBETER
do” heaters. Forced air propane heaters are available in

sizes ranging from 30,000 BTU’S to 750,000 BTU’S b

through PHP. The advantages of the forced air heater
are as follows. The whole unit does not have to be in the
area to be heated (only the discharge end of the unit has
to be in the area to be heated). This allows clean air exchanges with outside air. In addi-
tion, the forced air heater is also a “directional “ heater. This means heat can be focused
on a certain item or place (but never at a propane cylinder). The forced air heater usually
has multiple safety features. These usually consist of high limit switches, sail switches, air
proving switches, tip switches (usually found on older L.P. units), spark plugs, igniter elec-
trodes, ignition control boards, valves, and even thermocouples. In addition, some of the
forced air heaters can use a thermostat for temperature control. Moreover, a few models
may even be ducted. Aswith all heating systems, there are a few disadvantages associated
with forced air units. The first disadvantage is the fact that electricity is required for opera-
tion. Another disadvantage is that forced air is more of a complex unit to troubleshoot and
repair. Lastly, forced air units rely on three components to work properly. Those compo-
nents are the timed delivery of air, spark, and fuel (in that order).

Radiant

These heaters work on the principle of transferring heat from
one object to another without heating the space in between. For
instance, the roof of a black car that has been sitting in the sun
on a cool 60 degree day is much warmer than the surrounding
air. Therefore, the radiant heat from the sun heated the roof of
the car without heating the space in between. That is the concept
of radiant heat. As with all heating systems, there are advantages
as well as disadvantages. The first advantage is that most radiant
heaters require no external electricity. The second advantage of
radiant heat is that the ground level is heated first, this way you
do not waste as many BTU’s as in other heating sources. The third advantage is that the
most popular radiant heaters are in the 100,000 BTU range, making them ideal for using
the standard 100 pound propane cylinder. The disadvantages are few. First, very few
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models have a thermostatic gas valve (meaning not thermostat capable). Second, there are
relatively few BTU sizes available, mainly 200,000 BTU and 250,000 BTU units

Convection
These heaters work on the principle of heat stratification. -
Heat stratification means heating the topmost areas first, o %

then forcing the heat down in layers until it reaches the

comfort zone (usually from ground level to 6’ off the

ground). The main advantage of convection heaters is that

they are the least expensive heaters to purchase (in other

words, the most BTU’S for the buck!). The disadvantages

of convection heaters are twofold. First, since convection -
heaters work on the theory of heat stratification, most of

your fuel dollars quickly rise with the heat to the ceiling

and away from the comfort zone. Second, with very little

difference in price between the 80,000 BTU models and the 200,000 BTU models, peo-
ple usually buy the most BTU’s for the buck. What people do not realize is the fact that the
200,000 BTU model needs two or three 100 pound cylinders manifolded together to
attain full fire in most heating applications. In general, people who buy these heaters plan
to use their 20-pound barbeque cylinders as their fuel source. For an explanation on why
the 20 pound cylinder will not work properly, please see the “BOILING PROCESS” listed
on page 6. A good majority of the technical issues related to these heaters is fuel supply
related.

BB U

Propane Pressures

Propane pressure is divided into two categories, high pressure (rated in pounds of pres-
sure) and low pressure (rated in inches of water column). In most cases, high-pressure
propane heaters are usually over 150,000 BTU’S, while low-pressure heaters are usually
150,000 BTU’S or less.

13



Parts Identification and Definition

| Thermdcoiiiy

The thermocouple is a safety feature that works
with a thermoelectric gas valve to allow or interrupt
the flow of fuel. The thermocouple works on a
principle of two dissimilar metals, that generates
D.C. electricity, when heated. Because of this
technology, it is important that the thermocouple’s
sensing bulb is in the hottest portion of the flame
pattern to work properly. The D.C. electricity is
rated in millivolts. The D.C. electricity passes
down the thermocouple until it reaches the power
coil located inside of the thermoelectric gas valve. The thermocouple needs to generate
and send at least 17 millivolts of D.C. electricity to the thermoelectric gas valve to keep the
power coil compressed or energized, and let allows gas to pass through. A thermocouple
may also have an electrical interrupter connection. An electrical interrupter connection is
an electrical interrupter located between the tip of the thermocouple and the nut that
threads into the gas valve. The purpose of this interrupter is that it allows the manufactur-
er to install a safety feature on the thermocouple to break the D.C. circuit in case of a unit
malfunction. The most common use of the interrupter connection is to install a high limit
switch. For example, if your heater has a high limit switch attached to the interrupter, and
the switch gets too hot, the limit switch will open up contacts and break the polarity
between the thermocouple and power coil, thereby shutting down the flow of fuel.

Thermocouple with
Interrupter

Troubleshooting the Thermocouple

Tools Required — In order to troubleshoot a thermocouple, you will need one of each of
the following: a multimeter, a one pound propane torch, a short jumper wire with 1/4”
female spades or alligator clips on both ends if the thermocouple has an electrical
interupter.

Thermocouple Test

The thermocouple may be tested by using an electrical multimeter set to read DC mil-
liamps or DC millivolts. Unplug the power and disconnect the gas supply to the heater.
The thermocouple may be removed or left in the heater for testing. Separate the connec-
tion between the gas valve and the thermocouple. If the thermocouple has two wires con-
nected to it, remove the two wires and place a short “jumper” wire across the two male ter-
minals on the thermocouple. Set the electrical multimeter to read a low range of DC mil-
liamps or DC millivolts. Place the negative meter probe at the center of the small lump
found on the end of the thermocouple where it connected into the gas valve. Place the pos-
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itive meter probe anywhere on the outside of casing of the thermocouple. Using a lighter
or torch, heat the end of the thermocouple that is normally in the heater’s flame. The heat-
ed thermocouple must produce a minimum of 30 DC milliamps or 17 DC millivolts to pass
the test.

Conclusion

What you should conclude is that since the thermocouple sensing tip is comprised of two
dissimilar metals and the D.C. electricity is a by product of the heating of those, the dis-
similar metals will weaken and fail. This is why it is desirable to keep the most popular
thermocouples in your parts inventory.

BEIERONCELT) ot of e hetr, Acaly DS,
\ box” of the heater. Actually, D.S.I.
stands for Direct Spark Igniter. However, this part controls a lot more than ignition. It
controls the following circuits.

Ignition - The board produces the secondary voltage during the ignition process.

Flame sensing - The board monitors the flame through a spark plug, electrode, or flame rod.

Electronic delay timer (pre-ignition purge cycle).

Supplies the solenoid circuit with power.

The most common brand names for D.S.I. controls are:
Ram controls - Ram controls have come in three different colors, blue, white, or gray.
Gaslighter controls - Gaslighter boards have usually been black in color.
Fenwall controls - Fenwall controls are usually gray in color.

The last point to mention about D.S.1. controls is that if you have one in your heater, two
things are true. 1) your heater can use a thermostat, and 2) your heater will not have a
thermocouple.

Troubleshooting the D.S.I. Control

To troubleshoot the DSI control you need a special testing device that can be purchased
from PHP. The device has wires that hook up to the various styles of DSI boards you may
wish to test. Instructions are included. The tester will check the DSI board for three func-
tions. The tester will check for high voltage to the spark plug or electrode. It will test for
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voltage to the solenoid valve. Also the tester will check the DSI board to see if it is sensing
flame. All these tests can be accomplished in about five minutes. Having the tester can save
enough troubleshooting time to pay for the tester itself.

Conclusion

If possible, it is usually best to test the components that rely on the D.S.1. first before look-
ing to the D.S.I. for troubleshooting. As with the thermocouples listed above, it may be
desirable to keep one of each of the most popular D.S.1. controls in stock. P.H.P. keeps
D.S.1. boards in stock for usual same day shipping.

| _Gas Valyeelil g The s 0 St of e o
i i poses. The first is to shut off the flow

of fuel in case of malfunction, the second is to determine manifold gas pressure.
There are two different types of gas valves (thermoelectric & solenoid) used in portable heaters.

Thermoelectric - Thermoelectric gas valves work on the principle of D.C. voltage

being generated by a thermocouple. Thermoelectric valves are sometimes known as

the “push button” valves. The thermoelectric valve receives the D.C. voltage generated by
the heated thermocouple and then energizes (magnetizes) the power coil located inside of
the valve body. The power coil needs this voltage to stay compressed (magnetized) to allow
gas to flow through to the burner. The minimum voltage required to keep the power coil
energized is 17 millivolts of D.C. electricity.

D =

Thermoelectric Valve with Power Coil

Troubleshooting Thermoelectric Gas Valves

Tools Required - (Thermoelectric Valve, Test Outside of Unit)

In order to troubleshoot a thermoelectric gas valve, you will need the following service
items: atested and proven good thermocouple (see page 14 for the thermocouple test), a
one Ib. propane torch or a cigarette lighter and a jumper wire if your thermocouple has an
electrical interrupter.
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How to Troubleshoot (Thermoelectric Valve)

The first thing to do when troubleshooting a thermoelectric gas valve is to perform a ther-
mocouple troubleshooting test as explained on page 14 to guarantee a good working ther-
mocouple. The next thing is to thread the properly tested thermocouple into the valve at
the appropriate place making sure that both aluminum contacts are free of dirt and debris.
Make sure that the electrical interrupter connections are jumpered out (if so equipped).
Pre-heat the sensing tip of the thermocouple for 30 seconds. With the thermocouple tip
hot from the pre-heating, depress the push button on the valve. If the button pops back
out, the valve is bad. If the button stays in, the valve has accepted the D.C. voltage and the
problem is elsewhere.

Conclusion (Thermoelectric Valve)

Because this test requires another part to verify the valve’s performance, this test should
only be done after testing the other components involved with the flow of propane that
directly affect the operation of the thermoelectric gas valve. In addition, most thermoelec-
tric gas valves have a replaceable power coil located inside of the valve. Replacing the
power coil may save from having to replace the entire valve if it fails the above test. This is
another example of an item you may want to keep in your parts inventory.

Solenoid valves - require a.c. voltage (usually 120 volts)
to open. When power to the solenoid valve is removed the
valve closes, stopping the flow of gas to the burner. Power
for the solenoid valve comes from the DSI control board.
This allows the DSI board to shut off the gas flow if igni-
tion is not achieved or sensed.

Solenoid
Valve

Troubleshooting Solenoid Valves

Tools Required - (120 Volt Solenoid Valve, Test Outside of Unit)

There are only a handful of tools required to test the 120-volt solenoid valve. You need a
good set of INSULATED 120-volt test leads with either alligator clips, or 1/4” female
spade connections and a source of compressed air that comes close to matching the valve’s
rated inlet pressure. If you cannot match the solenoid’s rated inlet pressure, than go under
the rated pressure, never over.

How to Troubleshoot (120-Volt Solenoid Valve)

Remove the solenoid valve from the unit and attach the 120-volt test leads to the solenoid
spade. Next, plug the test leads into a grounded 120-volt outlet. Listen for the solenoid
electronically close. Release the compressed air into the INLET of the solenoid. If the
valve electronically closes and physically opens, then the solenoid valve is good. If it fails
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any portion of this test, the solenoid is defective with no user serviceable parts.

Conclusion (120-Volt Solenoid Valve)

The conclusion drawn from this test is to realize that your solenoid valve needs to be elec-
tronically closed and physically open when the proper voltage is supplied. The solenoid
valve is usually one of the most reliable components in your portable heater, and therefore,
its performance should be viewed accordingly.

IIHEIHE!ENIi’H‘”HHWH High limit switches are switches that

i “ I ‘HH are normally electronically closed, but
will open electrical contacts at a certain temperature. It accomplishes this with a bi-metal
sensing element. A bi-metal is a temperature sensitive metal that expands with heat.
Therefore, as the heater runs, and as the bi-metal gets warm, it begins to warp. When it
reaches a certain temperature it will open up the electrical contacts. The temperature
varies from switch to switch, and is listed on each switch. For example, if the markings on
a limit switch read L240, than the limit switch opens up electronically at 240 degrees and
will lead to an open circuit shutdown.

Various High Limit Switch
Examples

Troubleshooting the High Limit Switch
Tools Required - The only tool needed to test most limit switches is a jumper wire. The
jumper wire usually will need 1/4” female spades (or alligator clips) on both ends.
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How to Troubleshoot (Test Inside of Heater)

The secret to troubleshooting the high limit switch is to bypass the switch all together.
Since the high limit switch is normally closed, a simple bypass will close the circuit and
eliminate the high limit switch from the circuit.

Conclusion

The bypass of the high limit switch should always be used as a TEST ONLY, never as a per-
manent solution to a problem heater. In other words, NEVER let a heater leave your work-
bench with the high limit switch bypassed. There is one other conclusion you need to draw
from the high limit switch. That conclusion is that the limit switch is made-up of a bi-
metal, which means that the high limit switch is going to fail through constant usage.
Always replace the high limit switch with the exact same high limit switch. Never use one
with a different temperature rating, with a different bracket, or place it in a different loca-
tion within the heater.

_Regulator | ot o3 Sondrdato o0

adjust to a standard rate and /or to
adjust to make your work accurate. A regulator takes tank pressure and breaks that down
to give you a known and consistent lower pressure out of the regulator’s outlet. Every
propane heater, regardless of how big or small, has to have at least one pressure regulator.
Each propane heater should indicate the inlet pressure ratings on the specification plate to
assist in selecting the appropriate regulator(s) for your application. For the purposes of
this manual, there are three basic types of regulators: the first stage regulator, the second
stage regulator, and the appliance regulator. Your heater may need to use any or all three
of these regulators, depending on your heater and your application. Again, if you have any
questions about regulators, please call your local propane dealer or you can contact PHP
anytime.

Firststage regulator: The first stage regulator is the regulator actually mounted to the
propane cylinder by the tank connector. It can handle tank pressure and will deliver either
high pressure or low pressure out depending on the regulator and the application. This
regulator has an external vent and should only be used outdoors. Every propane heater is
required to have afirst stage regulator at the fuel supply.

Second stage regulator: The second stage regulator accepts
the output pressure from the first stage regulator and delivers
what is called input pressure to the heater. Not all propane
heaters make use of this regulator because most first stage reg-
ulators that come with the smaller heaters can handle tank pres-
sure and give you your proper inlet pressure. This regulator
has an external vent and should only be used outdoors. Regulator
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Appliance regulator: This regulator is not common in portable propane heaters. Itis
used mostly in vented and unvented heating systems as well as any appliance that uses gas
in your home and is usually located inside of the heater or appliance. This regulator has an
internal vent. If the pressure to this regulator surges or spikes, the displaced air will vent
out of the regulator outlet and not vent to the outside of the unit. Since this regulator has
an internal vent, it cannot handle a great deal of pressure and will always have a first stage
regulator associated with it. This regulator is designed to be used indoors.

Troubleshooting the Regulator

Tools Required - The tools required to test the regulator are going to vary depending on a
few different factors. Those factors include; minimum and maximum inlet pressures,
desired outlet pressures, and pipe sizing. A good testing kit will contain the following: var-
ious pipe nipples; various pipe tees, and various reducing bushings. All of these fittings
should range from 1/8” to 1/2”. A low-pressure propane gauge (0” W.C. to 30” W.C.,
part # G24503) and a high-pressure propane gauge (O Ib to 30 Ib, part # HV1027P) are
recommended as well. You will also need access to regulated compressed air.

How to Troubleshoot (Test Outside of the Heater)

Connect the regulator to the regulated compressed air that is set to 40 Ibs. Attach the
appropriate size pipe nipple into the regulator outlet. Attach the appropriate size pipe tee.
Attach the male hose connection to the pipe tee outlet. The last remaining connection is
to the appropriate gas pressure gauge. Then turn on your regulated air. This will give you
your output pressure on your forced air heater (if the heater has a solenoid valve). If the
heater has a thermoelectric gas valve, you will also need to depress the push button on the
thermoelectric valve. If the pressure gauge reading matches your regulator outlet pres-
sure, then the regulator is fine. If the pressure reading is too high or to low, remove the
top cap of the regulator (if so equipped) to adjust to the desired outlet pressure. Turn the
regulator control clock wise to increase the outlet pressure and counter clock wise to
decrease the outlet pressure. If you have no outlet pressure, or you do not have a regulator
adjustment, then replace the regulator.

DO NOT try this test on an appliance regulator without dropping the inlet air pressure
down to a minimum of 11”” W.C. Check the regulator’s output pressure inside of the heater
if the solenoid valve has a pressure tap located on the base of the solenoid.

Conclusion

Most new propane heaters come with a sealed regulator, meaning that there are no user

serviceable adjustments that can be made to the outlet pressure. This is a good thing for
the rental market because it makes it difficult for an end user to alter a regulator’s factory
preset outlet pressure.
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IliaIaammalumww Tank connector§ are the devices used
M it to connect the first stage regulator to
the vapor withdraw propane cylinder. While all tank connectors serve the same function,
the current industry standard is to use certain connectors with certain applications only
(certain applications meaning capable BTU output, whether or not there is an excess flow
valve, and whether it has left hand or right hand pipe threads). While there are many types
of tank connectors on the market, we are going to discuss just a few of the more popular
ones only. The most popular tank connector is the soft nose P.O.L., followed by the Acme
tank connector.

Softnose P.O.L. - The soft nose P.O.L. fitting is the fitting that most service people are
familiar with and is still in use today on all vapor withdraw
cylinders over 40 pounds. The soft nose P.O.L. consists of
the following component parts: The right hand thread
P.O.L. nipple which actually goes into the L.P. vapor with-
draw valve on the top of the cylinder, the 7/8” hex nut
(G1643) which tightens the nipple into the withdraw valve,
the o-ring (G1653-3) to help maintain a tight seal inside
the valve, and lastly, the excess flow valve which will shut off
the flow of fuel to the unit if there is a cut or rupture of the
gas supply hose. The excess flow valve is the only non-
replaceable part in the P.O.L. assembly. Soft nose P.O.L. fittings vary by BTU output as
well as thread type, so it is important to use the correct part number listed on the heater’s
breakdown.

Soft Nose
P.O.L.
Connector

Troubleshooting the Soft Nose P.O.L. Fitting
Tools Required - There is no good way to test a P.O.L. to justify spending any time or
energy on a suspected defective fitting.

Conclusion

The easiest way to eliminate a potential problem with the P.O.L. fitting is to change the fit-
ting.
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Acme Tank Connector - The Acme tank connector
has become more popular because of the new code
requiring the O.P.D. (overflow protection device)
withdraw valve on cylinders of 40 pounds and

under. The Acme tank connector has a spring
assembly mounted on the inside of the fitting itself to
measure backpressure. The Acme tank connector
will allow only a limited amount of propane to pass
through it until the gas hose is pressurized. Once
the hose is pressurized, the backpressure on the
spring assembly will compress and allow the proper
amount of propane needed for the burn to pass through. In order to get this tank connec-
tor to compress the spring assembly and allow the proper amount of fuel through, you need
to close all the gas connections past the supply hose. Then turn the propane cylinder on,
and let the unit set until the fuel supply hose pressurizes. This pressurization can take any-
where from 15 seconds to an hour. The Acme tank connector is actually available as a
whole unit only, with no user serviceable components. If any part of the Acme tank con-
nector ever breaks or fails, then the fitting needs to be replaced. This fitting also has an
excess flow valve that will shut down the flow of fuel to the unit if there is a cut or rupture
of the gas supply line. Acme tank connectors come in two different varieties. The black
handled Acme is rated for outputs of 71,000 BTU’s or less, while the green handled Acme
is rated from 71,000 BTU’s to 200,000 BTU’s.

Acme Tank
Connector

Troubleshooting the Acme Tank Connector
Tools Required - There is no good way to test an Acme tank connector to justify spending
any time or energy on a suspected defective connector.

Conclusion
The easiest way to eliminate a potential problem with the Acme tank connector is to
change the connector itself.

|IMEII!EE HHHHHHHH Spark igniters are small, self-con-

r ! \\H tained controls whose sole purpose is
to provide secondary voltage to the spark plug/electrode. You can look at spark igniters as
the spark generators. These controls are found on propane forced air heaters that use
thermoelectric gas valves but do not have push button (Piezo) ignition. If the unit has a
thermoelectric gas valve, then the heater will automatically have a thermocouple. Spark
igniters are continuous ignition, generating a constant spark at up to 25,000 volts. If the
heater has a spark igniter and a thermoelectric gas valve, then the heater cannot use a ther-
mostat. There are two different spark igniters being used in the industry today. The first
one is the Eaton spark igniter, and the second one is the Hi-LO 801. Both of these ignit-
ers have no user serviceable parts.
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Eaton Spark Igniter - Both Desa (Master,
Reddy, Remington, etc) and Scheu Products
(National Riverside, All Pro, and Universal)
use the Eaton spark igniter. They are blue
in color and have four wire connections
consisting of an ignition lead, a hot wire, a
common wire, and a ground wire. The
Eaton is an enclosed spark igniter with only
the 1/4” electrical connections exposed. Eaton Spark Igniter

Troubleshooting the Spark Igniter

Tools Required - In order to troubleshoot both spark igniters (the HI-LO 801 and the
Eaton), you will need a few common shop items. The first thing you need (and the most
important) is a GOOD set of insulated pliers. The second thing you need is a set of jumper
leads with 1/4” female spade connections. Next, you need an insulated ignition lead with a
1/4” female spade connection. Finally, you need to make a ground wire with a 1/4”
female spade connection on one end (only if your spark igniter has a post to attach a
ground wire).

How to Troubleshoot Eaton (Test Outside the Heater)

To troubleshoot the Eaton spark igniter, remove the Eaton from the heater. Then, remove
the ignition lead. Attach the hot (black) wire from the jumper leads to the “L” post.
Attach the common (white) wire from your jumper leads to the “N” post. Attach the high
voltage ignition lead that you removed from the heater to the number “1” post. Attach a
ground wire to the number “2”. This ground wire needs to be attached on the other end
to where you are going to test your spark (which in the case of the Eaton, needs to be an
external ground, away from the igniter itself). Like in the test above, after the unit is
plugged in, touch the ignition lead to the source of metal where the ground wire is
attached and pull the lead away slowly. You should be able to pull the lead away at least a
1/2” away and maintain multicolor spark. If the test performs as stated, then the Eaton
igniter is working. The spark igniter can be tested while it is inside the heater if you don’t
have jumper leads by disconnecting the gas supply and removing the fan blade. Once that
is done, just follow the above instructions about beginning with the insulated pliers.

Conclusion

The conclusion to be drawn from the tests on the spark igniter is that these two spark ignit-
ers look totally different, and they wire-up different, but they both serve the same function.
Spark igniters produce secondary voltage anywhere from 15,000 volts to 25,000 volts
and they are constantly sparking, so EXTREME caution should be used in testing these
units.
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Hi-Lo 801 spark igniter is used by Scheu Products exclusively. The Hi-Lo 801 is an
open spark igniter with the resistors and diodes
visible. The Hi-LO 801 is also a four-wire spark
igniter. The Hi-LO 801 has one exception to the
application rule listed earlier. The exception is
that the HI-LO 801 was actually used on National
Riverside forced air heaters made from 1978 to
1991 that could use a thermostat. At different
times during that period those heater model num-
bers included the 80FA, the 150FA, and the
3500FA.

Hi-Lo801
Spark Igniter

Troubleshooting the Spark Igniter

Tools Required - In order to troubleshoot the HI-LO 801, you will need a few common
shop items. The first thing you need (and the most important) is a GOOD set of insulated
pliers. The second thing you need is a set of jumper leads with 1/4” female spade connec-
tions. Next, you need an insulated ignition lead with a 1/4” female spade connection.
Finally, you need to make a ground wire with a 1/4” female spade connection on one end.

How to Troubleshoot HI-LO 801 (Test Outside the Heater)

Remove the spark igniter from the heater. On the HI-LO 801 spark igniter, attach the
black wire from your jumper leads to the 11 terminal. Attach the white wire from the
jumper leads to the 12 terminal. Plug the insulated ignition lead into the top of the ignition
coil on the HI-LO 801, leaving the end of the ignition lead that attaches to the spark plug
as the only remaining free wire. Hold the ignition lead with the insulated pliers at about
two inches above the ignition boot, making sure that the ignition wire is not touching
metal. Connect the jumper leads to a 120 volt source. With the leads plugged in, touch
the ignition lead to the metal mounting plate on the bottom of the HI-LO mounting brack-
et and then to pull the lead away slowly. If you can maintain a 1/2” of spark, then the HI-
LO 801 isworking properly.

Conclusion

The conclusion to be drawn from the tests on the spark igniter is that these two spark ignit-
ers look totally different, and they wire-up differently, but they both serve the same func-
tion. Spark igniters can always be tested inside the heaters if you don’t have jumper leads
by disconnecting the gas supply and removing the fan blade. Once that is done, follow the
above instructions beginning with the insulated pliers, and ground the ignition lead to
clean, grounded metal. Spark igniters produce constant secondary voltage anywhere from
15,000 volts to 25,000 volts; therefore, EXTREME caution should be used in testing
these units.
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Piezo Igniter - The Piezo igniter is
what is commonly referred to as the
“push button” igniter. Piezo ignit-
ers are found on both Desa and
Scheu heaters. The Piezo is also
found on all three types of propane heaters: radiant, convection, and

forced air models. The Piezo igniter generates a spark when an internal

spring-mounted piece of metal is pushed across a crystal when the “push

button” is depressed. There are no user serviceable parts inside a Piezo igniter. There is
one rule of thumb when it comes to Piezo igniters; if the heater has a Piezo igniter, then it
also has a thermoelectric gas valve, a thermocouple. If a heater has these components, it
cannot use a thermostat.

Piezo Igniter with Nut

Troubleshooting the Piezo Igniter

Tools Required - In order to troubleshoot a Piezo igniter, you will need a good pair of
insulated pliers, and whatever tools required to remove the igniter electrode and ignition
lead from the pilot/burner area.

How to Troubleshoot (Test Inside the Heater)

Shut off and disconnect the gas supply. Remove the igniter electrode and the ignition lead
from the heater. Examine the igniter electrode and ignition lead for any cracks or breaks. If
there are no visible breaks or cracks, then proceed with the rest of the test. Re-attach the
ignition lead to the Piezo and the igniter electrode. With the ignition lead held by the insu-
lated pliers mid-way between the Piezo and the igniter electrode, keep the igniter electrode
1/4” to 1/2” away from the shell of the heater, and push the Piezo igniter push button. If
you see a spark every time you depress the Piezo, then your Piezo is fine. If you do not see a
spark jump to ground, then replace the Piezo igniter.

Conclusion

The Piezo igniter has no user serviceable parts. A good rule of thumb when troubleshoot-
ing a Piezo igniter is that if the pushbutton has little or no resistance, then the Piezo is
bad.
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‘IEii’ﬁaﬂal‘}‘mllmww\ Flame rods and flame sensors are parts
i Q < C .

il that work to prove the existence of
flame. Although they both try to prove the existence of flame, flame rods and flame sen-

sors go about accomplishing this in different ways. It is important to note that there are no
user serviceable parts on either of these parts.

Flame Rod - The flame rod is a metal probe that protrudes into the area of combustion.
The flame rod conducts the current from the ions that are naturally occurring. lons are the
static electricity that is in the air. The explosions from the combustion process straighten
out the ions and the burner becomes negatively charged, and the flame rod
becomes positively charged. It delivers the charge to the control board to
prove the existence of combustion. Because flame rods vary by manufactur-
er, it is important to use the factory authorized replacement only. In
addition, flame rods usually have only one wiring post.

Troubleshooting the Flame Rod
Tools Required - You will need a multimeter
with a set of jumper leads (with alligator clips).
You will also need to have your heater properly connected to the appropriate propane

supply.

How to Troubleshoot (Test Inside the Heater)

Unplug the heater from the power source. Disconnect the wire from the flame rod.
Connect the negative (black) lead from the multimeter. Remove the flame sensor wire
from the control board and connect the positive (red) lead on the multimeter to the wire.
Set the multimeter to the D.C. millivolt scale. Plug the heater in and turn on the gas sup-
ply and turn the heater on. With the heater running, there should be a reading of between
5 to 20 millivolts D.C. If the multimeter cannot get this reading with the heater burning,
then flame rod is faulty. If you have any questions please call.

Flame Rod

Conclusion

The are a few conclusions to be drawn from this test. First, it is rare to see flame rods in
heaters today. Flame rods have been replaced by the spark plug or igniter electrode to
send the signal back to the control board. The second conclusion (even though it is not
stated above) is that flame rods come in different lengths and they can be bent at different
angles. This is extremely important because they are engineered for that specific flame
proving application. Therefore, only factory-authorized replacements should be used
according to the specific model number.
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Flame Sensors - Like the flame rod, the flame switch is also a probe that protrudes into
the combustion chamber. However, that is where the similarity ends. The flame switch is
not usually all metal, for there is a sensing element located inside of the metal probe. The
flame switch is a normally electronically
open, but when the unit is exposed to heat,
the sensing element expands to close the
circuit. Unlike the flame rod, the flame
switch has two wiring posts attached to
them. Since flame switches vary by manu-
facturer, by temperature, by length, and by application, it is important to use the factory
authorized replacement only.

Flame Sensor

Troubleshooting the Flame Sensor
Tools Required - The only tool required for testing the flame sensor is a jumper wire made
up with two 1/4” female spades.

How to Troubleshoot (Test Inside the Heater)

To troubleshoot the flame switch, unplug the heater and gain access to the flame sensor.
Trace the wires from the flame switch sensor to their source of origin. Remove the wires
and jumper around the flame sensor. Re-assemble the heater and make the appropriate
electrical and gas connections.

Start the heater up and let the unit run. If the heater continues to run, then replace the
flame sensor.

Conclusion

The conclusion to be drawn from this test is that this is ONLY a test, not a solution. Once
again, a heater must NEVER leave your workbench or shop with ANY safety feature
removed or bypassed. In addition, some flame sensors may look the same, but they expand
at different temperature levels. Therefore, only factory authorized replacement parts
should ever be used.

Control RV

added to some of the newer forced air
propane heaters that use a thermocouple and a thermoelectric
valve. Two of the major propane heater manufactures men-
tioned in this manual use control relays. What the control
relay’s purpose is to allow the D.C. electric circuit (the ther-
mocouple, the high limit switch, and the thermoelectric gas
valve) and the A.C. electric circuit to interface with each other.
In other words, if the high limit switch opens contacts, then
the whole unit will shut down.

Control
Relay
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Troubleshooting the Control Relay

Tools Required - The main tools required to test the control relay are the always-popular
jumper wires. The jumper wires needed are the same ones used in most component part
bypassing applications: the 1/4” female spade by 1/4” female spade.

How to Troubleshoot (Test Inside the Heater)

In order to troubleshoot the control relay, bypass the unit altogether. By bypassing the
control relay, the heater will have a stand-alone A.C. circuit and a stand-alone D.C. circuit.
For the first step in the bypass, remove the relay wires from the terminal board and the
interrupter on the thermocouple.Remove the relay wire from the high limit switch. Attach
the jumper wires from the high limit switch to the interrupter on the thermocouple and fire
the heater. If the heater runs fine, then replace the control relay.

Conclusion

The conclusion to be drawn from this test is that this is ONLY a test, NOT a solution to the
problem. A heater should NEVER leave your workbench or workshop with ANY feature
not in factory original (and working) condition!

| Fan Blade | et he propae orced i e

blade in the propane forced air heater
plays an extremely important role in the operation of the entire heating system. It has
many purposes. First, its job is to pull air in through the back of the unit to cool the inter-
nal components. Next, (and most importantly) the fan blade circulates air around and thru
the combustion chamber. Not only is the fan blade responsible for producing the hot,
forced air, but also it is extremely important in determining WHERE the burn takes place
in the combustion chamber. Since a propane forced air heater has no nose cone, the air
movement delivered by the fan blade is of extreme importance in determining where the
combustion takes place. All of your safety components in your forced air heater rely on the
burn occurring at a particular place in the combustion chamber for proper monitoring and
proving.

Troubleshooting the Fan Blade (Test Outside of Heater)
Tools Required - You will need a 1/8” hex Allen wrench, a tape measure or ruler, and a
fine tip marker.

How to Troubleshoot

Remove the fan blade from the heater and lay the fan blade on a LEVEL surface with the
hub (set screw) side up. Use a ruler and measure from the level surface to the highest point
of each blade. Place amark on each blade at its highest point with the fine tip marker.

This will give you what is known as “inches of pitch”. All of the measurements should be
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the same. In addition, all of the marks made on your fan blade should be at the same place
on the fan blade. If all of the measurements are not the same on every fan blade, or if the
marks on the blade are not in the same place, replace the fan blade. The next step is to
measure from the hub of the fan blade to where the mark is on the fan blade and record
those measurements. If those measurements are not the same, then there is a problem
with the inches of pitch, and the fan blade should be replaced.

Conclusion

The conclusions from troubleshooting your fan blade are many. First, the importance of a
properly balanced fan blade in a propane heater is extremely important. If you will notice,
your propane heater does not have a nose cone. This means that a propane heater counts
heavily on the components in the heater that determine where the burn takes place. The
consistency of the inches of pitch on a propane heater fan blade are just as important if not
more important than inches of pitch on a kerosene heater fan blade. Secondly, now that
you know how important the propane heater fan blade is, you will realize why we do not
recommend bending your fan blade back into pitch by hand. This is why we always recom-
mend that you replace your propane fan blade instead.

 Pilot Otificel) Oy Th it e e o
Only) The pilot orifice is used on radi-

ant and convection heaters that utilize a thermoelectric (push button) gas valve. There are
two main purposes of the pilot orifice. The first (and most important) reason is to heat the
thermocouple for safety monitoring. The second reason is so that every time you want
heat, you do not have to go through the ignition process. Since the pilot orifice requires
the least amount of propane, and has the smallest diameter, it is usually the first place to
become restricted or obstructed during normal operation.

Troubleshooting the Pilot Orifice (Test Outside of Heater)
Tools Required - The only tools required to troubleshoot any propane orifice is regulated,
compressed air.

How to Troubleshoot

Blow regulated compressed air (regulated down to the factory setting of manifold pres-
sure) through the orifice itself in the opposite way of the normal fuel supply. By blowing
through in the opposite direction of the fuel flow, you have more of a chance to remove any
obstructions without damaging the orifice.

Conclusion

The most important conclusion to be drawn from this is to NEVER use anything other than
regulated, compressed air to clean any orifice. Any other tool (drill bit, etc) can cause an
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alteration of the desired fuel flow, thereby changing where the pilot and burn take place.
Any orifice (pilot or burner) is under positive pressure can become defective from consis-
tent use and constant wear.

I i All propane heaters have a burner ori-
| Burner OFifich] e Whetrer e

burner orifice is a single-port (having one gas opening and a flame
deflector) or a multi-port (having six or more smaller openings and
may or may not have a flame deflector), they both serve the same
purpose. That purpose is to deliver propane into the area of
combustion in a way to allow for safe, even, and proper com-
bustion. All burner orifices have a certain outlet size that is
determined by the manufacturer and should NEVER be
altered.

Multiport
Burner
Orifice

Troubleshooting the Burner Orifice (Test Outside of Heater)
Tools Required - The only tools required to troubleshoot any propane orifice is regulated,
compressed air.

How to Troubleshoot

Blow regulated compressed air (regulated down to the factory setting of manifold pres-
sure) through the orifice in the opposite way of the normal fuel flow. By blowing through
in the opposite direction of the fuel flow, you have more of a chance to remove any obstruc-
tions without damaging the orifice.

Conclusion

The most important conclusion to be drawn from this is to NEVER use anything other than
regulated, compressed air to clean any orifice. Any other tool (drill bit, etc) can cause an
alteration of the desired fuel flow, thereby changing where the pilot and burn take place.
Any orifice (pilot or burner) is under positive pressure can become defective from consis-
tent use and constant wear.

Mot LN rester s a it of et
heater has a multitude of functions.
One of the motor’s responsibilities is to bring fresh air around and through the combustion
chamber for combustion and equal distribution of heat. The motor also cools down the
heater’s internal components with that same inlet air. By turning the fan blade, the motor
has as much to do with where the burn takes place in the combustion chamber as any other

component in the heater.
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Troubleshooting the Motor

Tools Required - There is quite a large variety of electric motors being utilized on propane
forced air heaters. If you suspect that you have a problem or service issue with a motor, we
would recommend that you call P.H.P. for service information.

Conclusion

If the motor is suspected to be a problem, check the voltage going to the motor to guaran-
tee that the motor has the opportunity to function properly. If the voltage going to the
motor falls within the motor tolerances and the motor does not perform properly, then the
motor should be a service issue.
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Diagnosing Propane Radiant & Convection Heaters

This section of the manual involves the diagnosing of various issues and problems that will
come up when dealing with propane radiant and convection heaters. You may have dealt
with these questions before, but this section may give you a few more options when it
comes to troubleshooting. The purpose of this section is not to cover every question and
answer possible, but it will hopefully give you a good basic background on how many dif-
ferent things can cause a certain symptom. What is extremely important about this section
is that the possible solutions to a heater’s problem will be listed in order of most common
to the least common. If you do not know how to test a component part, or if you do not
know what the component part does, than please refer to the “ PARTS IDENTIFICATION
& DEFINITION” section listed earlier in this manual. The first section covers radiant and
convection style heaters, with the forced air section to follow.

Convection and Radiant Symptom

Symptom My convection heater will run, but it will shut off when | take

Question

32

my finger off the gas valve.
Is the thermocouple in the hottest portion of the pilot flame?

Yes, then check for adequate fuel supply to the unit. Next, hold in the gas
valve button for 30 to 60 seconds. If that does not work, then test the
thermocouple, then the gas valve, and lastly, check and clean the connection
between the valve and the thermocouple. If the gas valve fails the test, then
you may be able to change the power coil by itself instead of the whole gas
valve.

NO, then check for an adequate fuel supply for the BTU output. If there is
an adequate fuel supply, then check the pilot orifice for obstructions, then
perform a tank connector test and a regulator test. In addition, check to
make sure that the fuel valve completely open. Convection heaters can run
up to 250,000 BTU’S and the number one technical issue with these
heaters is inadequate fuel supply. (Note: red regulator is high pressure,
silver is low pressure). The section of the manual titled “THE
CHARACTERISTICS OF PROPANE” will let you know what the
appropriate propane cylinder(s) will be for your application.



Symptom

Question

Symptom

Question

My pilot light will not light.
Is there gas coming out of the pilot orifice?

Yes, just because we have gas coming out of the pilot orifice does not mean
that it is coming out properly or even with the proper pressure behind it.
Check to make sure that you have the proper regulator for your model of
heater, and then blow compressed air through the pilot orifice in the oppo-
site direction of the fuel flow. Then test your fuel supply system backwards
until you get to the P.O.L. fitting (check excess flow valve) and the propane
cylinder. Check to make sure it is the proper size cylinder(s) for the unit and
check the fuel content of it. If your heater has a Piezo igniter and an igniter
electrode, test both of them.

No, then start from the propane cylinder and proceed forward. Check the
fuel level in the cylinder(s), and then check the propane tank valve(s) to
make sure it (they) is open. Then proceed to use regulated compressed air
to check and test the rest of the components of the fuel supply all of the way
to the pilot and burner orifice. Pay special attention to the excess flow valve.

My heater gives off an odor and doesn't give off much heat.
Is the propane bottle and fuel level the right size for the heater?

Yes, if the fuel cylinder and fuel level are adequate for your heater, then
your problem lies in a few other areas. The most common problem is the
restriction of fuel flow from the orifices, followed by the excess flow valve
the regulator, and lastly the push button gas valve. Use regulated com-
pressed air to blow through these components in the opposite direction of
the normal fuel flow.

No, then you may need to get the correct fuel supply for your heater and
your heating application. Use a full 100 pound propane bottle for

every 70,000 to 100,000 BTU’s of heat that you require. For helpin
selecting propane hottles for your heating application please refer back to
the sections titled “ THE CHARACTERISTICS OF PROPANE” and “THE
SUPPLY ISSUES WITH PROPANE HEATERS”. Also, find out the overall
length and the inside diameter of the gas hose. Quite often, improper firing
of a heater may be caused by the propane’s vapor’s volume drop in longer
and smaller diameter fuel supply hoses. For help in this area, refer to the
section titled the “SUPPLY ISSUES WITH PROPANE HEATERS”. If you

33



Symptom

Question

Symptom

Question

34

have the correct propane cylinder(s), then you will want to test the burner
orifice. The condition of sheet metal plays a major role in determining
where the burn takes place.

My heater makes a “whistling” sound when it runs.

Does it do this when you put use a new, full propane cylinder?

Yes, then your problem is usually going to be a restriction along your fuel
supply. Start the component testing with the burner orifice and work your
way back along the fuel supply until you get to the P.O.L. fitting.

No, if the “whistling” stops when you change propane cylinders, then your
problem was with a low fuel supply level or an improperly sized propane
cylinder.

My heater burns, but it has a mostly yellow flame

Does your heater give off an odor?

Yes, then you have a problem getting the correct components of combus
tion together at the same time with the correct quantity. You will want to
guarantee the correct fuel flow. This could mean that you have to check for
the possibility of an incorrect regulator, a partially restricted burner orifice, a
low or improper fuel level, or a problem with an improper fuel supply hose.

No, then this is most likely a low fuel related issue. The low fuel related
issue could mean low fuel supply in your propane tank(s), improper tank
sizing, or the wrong regulator. For help in selecting the proper propane
cylinder(s) for your heater and your application please refer to the
section titled “ THE CHARACTERISTICS OF PROPANE”.



Diagnosing Propane Forced Air Heaters (thermoelectric)

This section of the manual deals with the troubleshooting of forced air propane heaters. In
this section, the propane forced air heaters are divided into two categories. The first sec-
tion consists of forced air heaters that use a thermoelectric (push button) gas valve ( the
forced air heaters that CANNOT use a thermostat). The second section will deal with the
forced air heaters that use an A/C voltage solenoid valve (which can use a thermostat).
You will notice quite a few similarities with the symptoms of the heaters, but the causes can
be completely different. One of the biggest problems with any propane heater is improper
sizing of the fuel supply. Improper sizing of the fuel supply can be from using smaller than
designed propane cylinders for the heater, using too small of a fuel supply line , or using
too long of a fuel supply hose for the heater. This has to be considered when diagnosing
EVERY type of propane heater. If you have any questions, please refer back to the earlier
sections labeled “THE SUPPLY ISSUES WITH PROPANE HEATERS” and “PARTS
IDENTIFICATION and DESCRIPTION”

Thermoelectric Forced Air Symptom

Symptom My heater shuts off when | take my hand off the push button
valve.

Question Is the thermocouple in the hottest portion of the burner flame?

Yes, then check for adequate fuel supply to the heater. Next, try to hold the
gas valve in for 30 to 60 seconds. If those two things do not work, then test
these components in the following order: the thermocouple, the high limit
switch, the relay (if so equipped), and the thermoelectric gas valve. Test
these components one at a time, making sure to put the working component
back in the heater before moving on to the next test.

No, check for an adequate fuel supply for the BTU output. If the supply is
appropriate, then check the fuel supply line from the propane cylinder all
the way to the burner orifice for obstructions or failures. If those tests do
not solve the problem, then remove your fan blade and do a fan blade test.
The burner orifice may have a deflector on the front of it. Check the deflec-
tor for any kind of bending or warping. In addition, double check to make
sure that the correct regulator for that heater has been properly installed.
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My heater runs fine from five to thirty minutes and then shuts off.
Is there frost on your propane cylinder?

Yes, then your problem is that you cannot boil enough propane to fire your
heater properly. One or more of the following things need to be corrected.
First, check on what size propane tank that is being used with your heater
The rule of thumb is to use a 100 pound propane cylinder for every

70,000 to 100,000 BTU’s of heat. Second, check the level of fuel in your
cylinder. Keep in mind that a 100 pound propane cylinder with only 20
pounds of propane is no better than a full 20 pound propane cylinder. Next,
check the inside diameter and and the length of the supply hose. For help on
this, please refer to the manual section titled “THE SUPPLY ISSUES
WITH PROPANE HEATERS”. Finally, consider manifolding propane
cylinders together using t-blocks and pigtails to provide more wetted surface
area of the propane tanks. Refer to the section titled “THE CHARACTER-
ISTICS OF PROPANE” for specific information about manifolding cylinders.

No, then you need to do the following series of tests in the stated order.
First, observe the burn of the heater to see if the thermocouple stays in the
hottest portion of the burn. If it does, then perform a high limit switch test.
Next, test the control relay. Next, you will want to test your thermocouple.
Finally, you will want to do the thermoelectric gas valve test. These tests
should tell you where the problem lies.

My heater has an odor when it runs.
Does it have an odor when you change propane cylinders?

Yes, if your forced air heater has an odor when you change propane cylinders
then you need to try a few things. First, make sure you have the appropriate
size propane cylinder for the heater and the environment that the heater is
located. You may need to manifold two or more propane cylinders together to
achieve proper vaporization. Examine the deflector, looking for bends or warping
of the metal. The deflector is located in the combustion chamber. Next, test the
fan blade. Then, you need to test the burner orifice, blowing regulated com
pressed air in the opposite direction of the fuel flow. If this does not solve the
problem, then you need to test the rest of the fuel supply components from the
burner backwards. Make sure you have the correct regulator and that the fuel
supply hose is the proper diameter and length for the job. Refer to the section



Symptom

Question

Symptom

Question

titled “THE SUPPLY ISSUES WITH PROPANE HEATERS” for help with hose
sizing.

No, The problem can be either with a low fuel supply or an undersized
propane cylinder. You may also want to check that you have the correct reg-
ulator installed with the heater.

I smell gas when | start my heater, but it does not ignite.
Does your heater have proper propane gas pressure?

Piezo Ignition

Yes, since your heater has proper fuel, then you need to do a Piezo igniter
test. If the Piezo test fine, then do an electrode test and an ignition lead test.
If they test fine then clean the burner orifice \ and also examine the deflec-
tor for any bending or warping. Do a fan blade test to insure proper fan
blade pitch and balance, as this can also have a hand in whether the heater
ignites or not.

Spark Igniters

Yes, since your heater has proper fuel, then test the spark igniter, making sure
that you have 120 volts coming into the spark igniter itself. The spark igniter
has an extremely high secondary voltage output, so use EXTREME caution
when testing. Next, test the spark plug and ignition lead. If those components
test fine, then you will need to start with examining the burner orifice and
burner deflector. Double-check the fan blade for proper installation as well as
proper inches and degrees of pitch.

No, (for both) then make sure that you not only have the correct size tank and
quantity of fuel in the tank for your application, but also the correct length and
diameter hose. Next, make sure that you have the correct regulator for the heat-
ing application. If the regulator is correct, then test the regulator and tank con
nector. These tests should reveal the problem.

My heater does not get any propane to come out.

Is there fuel in the propane cylinder?

Yes, if there is frost on the cylinder, then you are either low on propane, or
you are using an undersized propane cylinder for your heater’s require-

ments. Next, make sure that your tank connector fitting’s excess flow
valve is not closed. Clean the burner orifice. If these tests do not solve the
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issue, then check and test the regulator.

No, then fill or replace your propane cylinder making sure that it is the
correct size cylinder to fill your heater’s requirements.

When | start my heater up, my fan comes on and | smell fuel,
but I have no fire.

Does your heater have spark?

Yes, test to see if you have the appropriate amount of spark by testing your
source of ignition (the Piezo or ignition control). You also need to check
and test the electrode/sparkplug and the ignition lead. If those test fine,
then perform a fan blade test. Check to see that you have the proper hose
and regulator for your heating application. These tests should reveal the
problem.

No, then start by testing your source of ignition (the Piezo or ignition
control). In addition, check to see that the wiring to our ignition control (if
applicable) is wired correctly. Then you also want to check and test the
spark plug/electrode and ignition lead. This should reveal the problem.

My motor drags when | plug in my heater.
Is your extension cord the correct gauge and length for your heater?

Yes, then start by removing the motor from of the heater to do a bench test.
If the motor has a hot wire, a neutral wire, and a ground wire, test the motor
by applying direct voltage to the proper wires. If the motor reaches full
RPM, the motor is fine. If the motor has two hot wires, a neutral wire, and a
ground wire, the motor is a split phase motor and needs to be tested using a
split phase motor test. Using a test cord with alligator clips, connect the
black wire on the test cord to the red wire on the motor. Connect the white
wire from the test cord to the white wire on the motor. Connect the two
ground wires together. Use a good pair of insulated wires and hold the black
wire coming from the motor. Connect the test cord to a 120 VAC source.
The motor should hum and move at a slow speed. Touch the black wire from
the motor momentarily to the black/red combination. The motor should
reach full RPM within one second. If the motor tests fine, then double-
check the voltage at the wall receptacle or generator for 120 volts.



Symptom

Question

It may be helpful to remove any other electrical draw off of that circuit.
Lastly, make sure that the fan blade has no obstructions. These tests should
reveal the problem.

No, then you need to go with either a heavier gauge cord, or a shorter length
of cord. There is a wire resistance chart and formula in the section titled
“THE SUPPLY ISSUES WITH PROPANE HEATERS”

When my heater runs, | have mostly yellow flames in my
combustion chamber.

Do | have adequate fuel supply to my heater?

Yes, then most likely there is a problem with the air/fuel mixture. Many
things could cause this. Check and clean the burner orifice. Performa
blade test to see if there is a problem with the inches or degrees of pitch.

No, then start off by making sure that you have the proper regulator
installed for the heater. Check to make sure that you have the correct size
propane tank and fuel level for the heater to function properly. These tests
should help alleviate this issue.
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Diagnosing Propane Forced Air Heaters
(SOLENOID)

This section of the manual deals with the troubleshooting of forced air propane heaters that
use solenoid valves and direct spark ignition (D.S.1.). These heaters are capable of using a
thermostat because of the solenoid valve and direct spark igniter. The units addressed in
this manual will range from 45,000 BTU’s up to 700,000 BTU’s. Remember, improper
fuel supply is one of the most common problems associated with the proper operation of
forced air propane heaters. For help with proper propane tank and hose sizing, please
refer to the earlier sections titled “ THE CHARACTERISTICS of PROPANE” (page 6)
and THE SUPPLY ISSUES WITH PROPANE” (page 8). In addition, the section titled
“PARTS IDENTIFICATION and DEFINITION” (page 14) section will let you know how
to troubleshoot individual component parts.

Symptom My heater shuts off after 8 to 12 seconds
Question s there frost on the propane cylinder?

YES, then your problem is could be too small of a propane cylinder to fill
your heaters needs, too low of a fuel level in the cylinder or a bad or incor
rect regulator. Remember, under ideal circumstances, we would like to have
one full 100 LB cylinder for every 70,000 BTU’s of heat.

NO, then you have a problem in one or more crucial areas. Your problem
could be with any of your safety features, or even with flame proving itself.
You should start by testing your safety features first. For help in trou
bleshooting these components, please refer to the section titled “PARTS
IDENTIFICATION and DEFINITION” (page 14). If your safety features
test out good, then consider that everything that helps where the burn takes
place can be suspect. You can have a problem with either incorrect inches of
pitch or degrees of pitch on a fan blade. You may have dirt in our burner
orifice, or a cracked ceramic burner (if so equipped). Some heater manufac
turers have ceramic burners that may have hairline cracks in them. You may
have a problem with either a bad, incorrect, or improperly positioned igniter
electrode (or spark plug). On, even low motor R.P.M.. Any one (or more) of
these most likely will be your problem.
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My heater turns on, but does not fire.
Do you smell propane?

YES, then the first thing we need to check is if our ignition control is pro
ducing spark (make sure that your propane is shut-off AND disconnected
from the heater before you check for spark). If we have spark, then we need
to do a fan blade test as well as clean the burner orifice. Also, make sure that
you have the correct regulator for your heater.

NO, then we know that our problem will most likely be electrical. The best
way to start proving voltage is to start by making sure that we have 120 volts
at our heater. If we do not have 115-120 volts, then check our outlet for the
proper voltage, then make sure our power cord is properly sized for our
heater’s needs. For help with extension cord sizing, please refer to the sec
tion titled “ THE CHARACTERISTICS WITH PROPANE” (page 6). If our
inlet voltage is correct, then we need to start by checking our D.S.1. control
for 120 volts across the A/C to the A/CR terminals (on some controls, the
terminals will be labeled 120 volts hot and 120 volts return). Then check for
120 volts across the M/V to the V/R terminals (on some controls, these
posts will be labeled V/1 and V/2). If we do not have 120 volts across
these connections, then our board is bad. If we do have the 120 volts across
those terminals, then bypass our high limit control (if so equipped). If this
does not address the problem, then put the PROPER voltage to our solenoid
valve. If the valve does not electronically open and physically close, then our
solenoid is bad. The last thing to check is the centrifical switch on the motor
(if so equipped). The centrifical switch works closes contacts when the
motor reaches a certain R.P.M. and then sends 120 volts to the solenoid
valve. If your motor does not send 120 volts to your centrifical switch, then
the motor is bad.

When my heater runs, I have mostly yellow flames in my com
bustion chamber.

Do | have adequate fuel supply to my heater?

YES, then most likely we have a problem with our air/fuel mixture. Many
things could cause this. Firstly, we need to check and clean our burner ori
fice. Second, we need to do a fan blade test to see if we have a problem with
our inches or degrees of pitch. One thing is for certain, if we have adequate
fuel to our heater, then we have a problem of how and/or where these sys
tems come together.
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NO, then start by making sure that we have the proper regulator for our
heater (having the incorrect regulator happens more often than you think).
We also need to check to make sure that we have the correct size propane
tank (and fuel level) for our heater to function properly. These tests should
help alleviate this issue.

My heater runs, but | have flames coming out of the combustion chamber.
Do we have the proper fuel supply?

YES, then we have a problem with our air-fuel mixture (one is overpowering
the other). We first need to check our fuel delivery system. The fuel deliv
ery system would include the following: the excess flow valve, the regulator,
the fuel supply hose, the solenoid valve (and filter insert if so equipped), and
the burner orifice (and ceramic burner or flame spreader if so equipped).
Then, we need to check our air delivery system. This system would include
our motor, fan blade, and even the sheet metal. We can even include the
combustion chamber and heater body in the air system. Remember, when
checking sheet metal, you check for equal spacing as well as for any warping
or dents.

NO, then we need to be able to deliver the proper fuel supply. Remember,
we would like to see a 100-pound propane cylinder for every 70,000 Btu’s
of heat. We also need to refer to the section titled “THE CHARACTERIS
TICS OF PROPANE” (page 6) for our proper supply hose needs.
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COMMON GAS FITTING PART NUMBERS

Pipe Thread X Pipe Thread

Pipe Thread X Flare

6133NR 1/4"FPT x 1/4"FPT Coupler 097157-01
3825CPL 1/4"FPT x 3/8"FPT Coupler 097157-02
2538BELL 1/4"FPT X 3/8"FPT Bell Reducer 097157-03
01544 1/4"FPT x 3/8"FPT Reducing Bushing 097809-01
6435NR 1/4"FPT x 3/8"MPT Reducing Bushing 6127NR
01519 1/4"FPT x 1/2"FPT Union 3810FTG
6267NR 1/4"FPT x 1/2"MPT Bushing M51572-01
28199 1/4"FPT x 1/2"FPT Reducing Bushing M51572-02
01195 3/8"FPT x 1/2"FPT Reducing Bushing 8017NR
3850BELL 3/8"FPT x 1/2"FPT Bell Reducer 6126NR
3850CPL 3/8"FPT x 1/2"FPT Coupler 10444
3850FTG 3/8"FPT x 1/2"FPT Bushing 103401-01
5038FTG 3/8"FPT x 1/2"MPT Reducing Bushing
54 1/2"FPT x 1/2"FPT Swivel Union
7500P 3/4"FPT x 3/4"FPT Swivel Union 07970*
12500P 11/2"FPT x 11/2"FPT Swivel Union 01098*
2510LHFTG*

Flare X Flare 03395*
2538FLR 1/4"FFLR x 3/8"MFLR 06771**
2550FTG 1/4"MFLR x 3/8"MFLR 03536**
381050FTG  3/8"MFLR x 1/2"FFLR 02894**

COMMON GAS HOSES
2510 1/4" x 10ft with 1/4"MPT x 1/4"FFLR Swivel
2525 1/4" x 25ft with 1/4" MPT x 1/4"FFLR Swivel
3810 3/8" x 10ft with 3/8"MPT x 3/8"FFLR Swivel
381050 3/8" x 10ft with 3/8"MPT x 1/2"FFLR Swivel
3825 3/8" x 25ft with 3/8"MPT x 3/8"FFLR Swivel
382550 3/8" x 25ft with 3/8"MPT x 1/2"FFLR Swivel
5010 1/2" x 10ft with 1/2"MPT x 1/2"MPT
5025 1/2" x 25ft with 1/2"MPT x 1/2"MPT
5050 1/2" x 50ft with 1/2"MPT x 1/2"MPT
7510P 3/4" x 10ft with 3/4"MPT x 3/4"MPT
7525P 3/4" x 25ft with 3/4"MPT x 3/4"MPT
7550P 3/4" x 50ft with 3/4"MPT x 3/4"MPT
12510P 11/4" x 10ft with 11/4"MPT x 11/4"MPT
12525P 11/4" x 25ft with 1/14"MPT x 11/4"MPT
2510LH 1/4" x 10ft with 1/4"LHFPT x 1/4"LHFPT*
2525LH 1/4" x 25ft with 1/4"LHFPT x 1/4"LHFPT*
COMMON GAS ACCESSORIES

G1629 Soft nosed withdrawal fitting with excess flow valve
G1690 Hard nosed withdrawal fitting with excess flow valve
G6252 Soft nosed withdrawal fitting with handwheel and excess flow valve
30SO7P* Soft nosed withdrawal fitting with all left hand pipe threads
G1851 Black acme withdrawal fitting for 71,000 BTU's or less
G1852 Green acme withdrawal fitting for 71,000-200,000 BTU's
P400 48" copper pigtail with hard nosed withdrawal fittings
1630RU 30" rubber pigtail with soft nosed withdrawal fittings
1648RU 48" rubber pigtail with soft nosed withdrawal fittings
G1851 Black acme withdrawal fitting (0-70,000 BTU's)
G1852 Green acme withdrawal fitting (71-200,000 BTU's)

MPT=Male Pipe Threads
FPT=Female Pipe Threads
MFLR=Male Flare
FFLR=Female Flare

*Left Hand Pipe Threads

1/4"FPT x 1/4"MFLR
1/4"FPT x 3/8"MFLR
1/4"FPT x 1/2"MFLR
1/4"MPT x 1/4"MFLR
1/4"MPT x 3/8"MFLR
3/8"FPT x 3/8"MFLR
3/8MPT x 3/8"MFLR
3/8"MPT x 1/2"MFLR
1/2"FPT x 3/8"MFLR
1/2"MPT x 3/8"MFLR
1/2"MPT x 1/2"FFLR
1/2"MPT x 1/2"MFLR

Special Fittings
1/4"LHMPT x 1/4"FPT
1/4"LHMPT x 1/4"MPT
1/4"LHMPT x 1/4"LHMPT
1/4"LHMPT x 1/2"MPT

1/4"MPT x 1/2"MPT(INV. FLARE)
3/8"MPT x 1/2"MPT(INV. FLARE)
1/2"MPT x 1/2"MPT(INV. FLARE)
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Introduction to Natural Gas Heaters

In this section of the manual, we will be dealing with natural gas heaters as well as the prin-
cipals of natural gas heating. Natural gas heaters will have distinct advantages and disad-
vantages when compared to the propane heaters mentioned earlier. The main advantage
of using natural gas heaters is the availability of fuel supply. Natural gas is available in most
communities, as well as in most industrial situations. With the fuel supply already on site
and always available, natural gas may be the best alternative. As the availability for natural
gas increases, so will the natural gas heater’s share of the portable heater market.

However, natural gas does have some disadvantages. First, natural gas is not available in all
areas. Second, the portability of natural gas heaters is limited by the gas pressure, as well
as by the length and diameter of the fuel supply hose. Next, it is important to maintain the
proper volume of natural gas. For help with natural gas volume issues, please refer to the
section titled “THE SUPPLY ISSUES WITH NATURAL GAS HEATERS”. The last two
disadvantages of natural gas heat are that there are not many heating applications where
high pressure (pounds of pressure) natural gas is available, and that there are not as many
different model numbers available for natural gas as there are for propane. However, there
will be situation where the best heater option is to use natural gas.

Technical Issues with Natural Gas Heaters

The number one technical issue with natural gas heaters is the ability to get the proper nat-
ural gas volume. Most natural gas heaters usually do not come with a fuel supply hose
because the inside diameter (1.D.) of the hose size will vary depending on the available gas
supply pressure. That happens to be the number one technical issue with natural gas
heaters: having the correct natural gas volume. For more information about natural gas
volumes, or for help in natural gas supply hose selection, please refer to the section titled
“THE SUPPLY ISSUES WITH NATURAL GAS HEATERS”. For technical issue involv-
ing the troubleshooting of individual components, please refer to the earlier section titled
“PARTS IDENTIFICATION & DEFINITION”.
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Natural Gas Heater Safety

Natural gas heaters can be an extremely safe way of providing heat as long as certain safety
precautions are followed:

1. Never check for gas leaks with an open flame. Use a water solution of one
part soap to three parts water to spray the gas connections. Natural gas in a sup-
ply hose or in a heater is under POSITIVE pressure, meaning that any leaks will
be outgoing. Never try to convert natural gas heaters to ANY other type of fuel
source (propane vapor, butane, or liquid propane.) The procedure can create
potentially dangerous situations and it can void manufacturer’s warranties.

2. Never operate a natural gas heater or any other heater with any factory
installed safety controls removed. The safety controls are there for a reason, let
them do their job. If you find that an original factory installed safety control is
defective, then replace it immediately with a factory-authorized replacement only.
It may be necessary to remove or bypass a safety control for troubleshooting pur-
poses only, but never let that unit leave your workbench without reinstalling the
proper safety controls.

3. Never replace a regulator unless it is a factory authorized replacement. Some
regulators look alike, but that does not mean that they perform alike. Ifa part is
replaced with anything other than original equipment manufacturer (OEM) parts,
the product liability falls on the person replacing the parts. Using non-OEM
parts may void factory warranties.

4. Never put ductwork on a natural gas heater unless it is explicitly authorized by
the OEM. If the heater was not designed for ducting (the vast majority of them
are not), then do not attempt to use ducting. Use of ducting on heaters not
meant to be ducted can cause a fire or component damage and failure. Using
ducting not only will void the manufacture’s warranty, but most insurance compa-
nies will not honor a policy resulting from damage from operating a heater that
was not used under original factory guidelines.

5. Always allow for proper ventilation when operating any natural gas heater.
The recognized industry guideline for this is usually three square feet for every
100,000 BTU'’S of heat. For optimum ventilation, either try to split the ventila-
tion openings evenly between the floor and ceiling, or try to utilize cross ventila-
tion.
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6. Do not attempt to move, service, or handle a heater that is in operation or still
warm from operation.

7. Always adhere to the owner’s manual for manufacturer’s recommendations in
spacing your heater away from combustibles.

8. Use a properly grounded outlet and extension cord for natural gas forced air
heaters.

None of the above safety rules are to supercede manufacturer’s safety standards; these rules
are always to be viewed as an addition to your factory specified safety instructions.

The Supply Issues With Natural Gas Heaters

Quite often, technical issues associated with the performance of natural gas heaters do not
always involve the heater itself, rather with the various components before they even reach
the heater. In order to have a properly working heater, there needs to be an appropriate
amount of each of three component: fuel supply, electric supply (if applicable), and air

supply.

Fuel Supply

Guaranteeing an adequate fuel supply is one of the biggest problems associated with the
proper performance of natural gas heaters. In order to have the correct fuel supply two
things are needed: 1) proper operating pressure, and 2) proper fuel volume.

Operating pressure is the natural gas pressure required by the heater for safe and proper
operation. In other words, supply pressure is the amount of force behind the natural gas.
This pressure can be either low pressure (rated in inches of water column), or high pres-
sure (rated in pounds of pressure). Proper fuel volume is the amount of inlet fuel required
to insure proper operation. All natural gas heaters require BOTH of these needs be satis-
fied to insure proper operation. There is a big difference between the required operating
pressure in a fuel supply and the required operating volume in a fuel supply. It is possible
for a heater to have the proper operating pressure; it will not work properly (or at all) with-
out having the proper volume of fuel. For various hose sizing charts, please see the follow-

ing.
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Natural Gas hose capacity table at .5" w.c. pressure drop and inlet pressure of 11" w.c.

BTU's Hose Length in Feet

per Hour 5 10 15 20 25 50 75 100 150 200
5,000 7T S V7 S T/ SV S 3/8" 38" 38" 38" 38"
10,000 174" 14" U4 U4 38" 3/8" 38" 38" 38 12
15000 174" 14" 38" 38" 38" 3/8" 3812 12" 12
20,000  1/4"  3/8" 3/8" 38" 3" 3/8" 12" 12 12" 12
25,000 3/8" 3/8" 38" 38 38" 1/2" 12" 34" 34" 34"
50,000 38" 12" 12" 12" 12" 3/4" 34" 34" 34" 34"
75,000 12" 12" 12" 12" 34" 3/4" 34" 34" 1" 1"
100,000 172" 172" 34" 34" 34" 3/4" 34" 1" 1" 1"
150,000 1/2"  3/4" 34" 34" 34" 1" 1" 1" 125" 1.25"
200,000 3/4" 34" 34" 341" 1" 1" 125" 1.25" 125"
250,000 3/4" 34" 1" 1" 1" 1" 125" 125" 1.25"
300,000 3/4" 34" 1" 1" 1" 125" 125" 1.25"

350,000 3/4" 1" 1" 1" 1" 125" 125" 1.25"

400,000 34" 1" 1" 1" 125" 1.25" 125"

450,000 1" 1" 1" 1" 125" 1.25"

500,000 1" 1" 1" 125" 1.25"

550,000 1" 1" 125" 125" 1.25"

600,000 1" 1" 125" 125" 1.25"

650,000 1" 125" 125" 125" 1.25"

700,000 1" 125" 125" 125" 125"

750,000 1 125" 125" 1.25"

NOTE:

(1) Capacity of hose assembly will vary depending on end fitting flow diameter and adapters.
(2) BTU's per hour based on Nat. Gas with .63 Sp. Gr. And BTU per C.F. at 60 degrees F.

Natural Gas hose capacity at .5" w.c. pressure drop and inlet pressure of 1 P.S.I. (28.6" w.c.)

BTU's Hose Length in Feet
Per Hour 5 10 15 20 25 50 75 100 150 200
5,000 T V7 ST/ S V7 S V7 3/8" 38" 38" 38" 38"
10,000 1414t 14t 14" 3/8" 3/8" 3/8" 3/8" 3/8" 3/8"
15000  1/4" 14" U4 38 38" 3/8" 38" 38" 12" 12
20,000 14" 3/8"  3/8" 38" 3/8" 3/8" 172" 172" 172" 172"
25,000  1/4" 3/8" 3/8" 38 38" 1/2" 12" 12 1" 34"
50,000 3/8" 38" 12" 12" 12" 3/4" 3/4" 3/4" 3/4" 3/4"
75,000 38" 12" 12" 12" 34 3/4" 34" 34" 1" 1"
100,000 172" 172" 3/4" 34" 3/4" 3/4" 3/4" 1" 1" 1"
150,000 1/2"  3/4" 34" 34t 34" 1" 1" 1" 1" 1.25"
200,000 3/4" 34" 34" 34" 1" 1" 1" 125" 125" 125"
250,000 3/4" 34" 34" 1" 1" 1" 125" 1.25" 125"
300,000 374" 34" 1" 1" 1" 125" 125" 1.25%"
350,000 34" 1" 1" 1" 1" 125" 125" 1.25%"
400,000 314" 1" 1" 1" 1" 125" 125"
450,000 34" 1" 1" 1" 125" 1.25"
500,000 1" 1" 1" 125" 125" 1.25%"
550,000 1" 1" 125" 125" 125"
600,000 1" 1" 1.25" 125" 1.25"
650,000 1" 1" 125" 125" 125"
700,000 1" 1.25" 125" 125" 125"
750,000 1" 125" 1.25" 125"

NOTE:

(1) Capacity of hose assembly will vary depending on end fitting flow diameter and adapters.
(2) BTU's per hour based on Nat. Gas with .63 Sp. Gr. And BTU per C.F. at 60 degrees F.

73



74

Natural Gas hose capacity at .5" w.c. pressure drop at inlet pressure of 5 P.S.I.

BTU's Hose Length in Feet
Per Hour 5 10 15 20 25 50 75 100 150 200
5,000 [V V7 ST S V7 SV 1/4" 14t 14" 174" 3/8"
10,000 /4" 14" U4t U4 U4 3/8" 38" 38" 38" 38"
15,000  1/4" 14" 14" U4 38" 3/8" 38" 38" 12t 12
20,000  1/4" 1/4"  3/8" 38" 3B 3/8" 38" 12" 12" 12
25,000  1/4" 3/8" 3/8" 38 3B 3/8" 12" 12 12t 12
50,000  3/8" 3/8" 38 12" 12" 1/2" 34" 34" 34" 34"
75000 38" 12" 12 12t 12" 3/4" 34" 34" 34" 34"
100,000 1/2" 12" 12" 34" 34" 3/4" 34" 34" 1" 1"
150,000 1/2" 3/4" 34" 34" 34" 3/4" 1" 1" 1" 1"
200,000 1/2" 3/4" 34" 34" 34" 1" 1" 1" 125" 1.25"
250,000 3/4" 34" 34" Z4" 1" 1" 1" 125" 125" 1.25"
300,000 3/4" 34" 34" 1" 1" 1" 125" 125" 125" 125"
350,000 3/4" 34" 1" 1" 1" 1" 125" 125" 1.25"
400,000 3/4" 1" 1" 1" 1" 125" 125" 125"
450,000 3/4" 1" 1" 1" 1" 125" 1.25"
500,000 3/4" 1" 1" 1" 1" 125" 1.25"
550,000 1" 1" 1" 1" 125" 1.25"
600,000 1" 1" 1" 125" 125" 1.25"
650,000 1" 1" 1" 125" 1.25"
700,000 1" 1" 125" 1.25" 1.25"
750,000 1" 1" 125" 125" 1.25"

NOTE:

(1) Capacity of hose assembly will vary depending on end fitting flow diameter and adapters.
(2) BTU's per hour based on Nat. Gas with .63 Sp. Gr. And BTU per C.F. at 60 degrees F.

Natural Gas hose capacity at .5" w.c. pressure drop at inlet pressure of 10 P.S.I.

BTU's Hose Length in Feet
Per Hour 5 10 15 20 25 50 75 100 150 200
5,000 (VT SV S VS 1/4" 1/4" 1/4" 1/4" 1/4" 1/4"
10,000 7 S VS VN 1V & 1/4" 1/4" 1/4" 3/8" 3/8" 3/8"
15,000 14" v4" 4t 4t 4t 3t 38" 38" 38" 3"
20,000 U4 4t 14t 38" 3/8" 3/8" 3/8" 3/8" 12" 12"
25000  1/4* 14" 38" 38" 38" 38" 38t 1t 1t 12t
50,000 3/8" 318" 38 38" 3/8" 1/2" 12" 3/4" 3/4" 3/4"
75,000  3/8" 38" 12" 12t 12t 1/2" 34 34 34t 3
100,000 3/8" 172" 12" 12" 12" 3/4" 3/4" 3/4" 3/4" 3/4"
150,000 172" /2" 34" 34 34t 34" 34" 34t 1" 1"
200,000 172" 34" 34t 34" 3/4" 3/4" 1" 1" 1" 1"
250,000 3/4" 34" 34" 34" 3/4" 1" 1" 1" 125" 1.25"
300,000 3/4" 34" 34" 34" 1" 1" 1" 1" 125" 1.25"
350,000 34" 34" 34" 1" 1" 1" 1" 125" 125" 125"
400,000 3/4" 34" 1" 1" 1" 1" 125" 125" 125"
450,000 34" 34" 1" 1" 1" 125" 125" 125"
500,000 3/4" 1" 1" 1" 1" 125" 125" 125"
550,000 34" 1" 1" 1" 1" 125" 1.25"
600,000 34" 1" 1" 1" 1" 125" 1.25"
650,000 3/4" 1" 1" 1" 125" 1.2%"
700,000 34" 1" 1" 1" 1.25" 125"
750,000 1" 1" 1" 125" 125" 125

NOTE:

(1) Capacity of hose assembly will vary depending on end fitting flow diameter and adapters.
(2) BTU's per hour based on Nat. Gas with .63 Sp. Gr. And BTU per C.F. at 60 degrees F.



Natural Gas hose capacity at .5" w.c. pressure drop at inlet pressure of 20 P.S.I.

BTU's Hose Length in Feet
Per Hour 5 10 15 20 25 50 75 100 150 200
5,000 14" 14" 1/4" 1/4" 1/4" 1/4" 1/4" 1/4" 1/4" 1/4"
10,000 14" 14" 1/4" 1/4" 1/4" 1/4" 1/4" 1/4" 3/8" 3/8"
15,000 14" 14" 1/4" 1/4" 1/4" 1/4" 3/8" 3/8" 3/8" 3/8"
20,000 14" 14" 1/4" 1/4" 1/4" 3/8" 3/8" 3/8" 3/8" 3/8"
25,000  1/4" 14" U4 U4t 38 3/8" 38" 38" 38" 12
50,000 1/4"  3/8"  3/8" 38" 3/8" 3/8" 12" 12" 12" 3/4"
75,000 3/8" 3/8" 38 3B 12" 1/2" 12" 34" 34" 34"
100,000 3/8"  3/8" 172" 172" 172" 172" 3/4" 3/4" 3/4" 3/4"
150,000 3/8" 1/2" 12 12t 12" 3/4" 34" 34" 1" 1"
200,000 172" 12" 34" 34" 3/4" 3/4" 1 1" 1 1"
250,000 172" 3/4" 34" 34" 3/4" 1" 1 1 1" 1
300,000 172" 34" 34" 34" 3/4" 1" 1 1" 1" 1"
350,000 34" 34" 34" 34" 3/4" 1" 1 1 125" 1.25"
400,000 34" 314" 34" 34" 3/4" 1" 1 1" 1.25" 1.25"
450,000 3/4" 34" 34" 34" 1" 1" 1 125" 125" 1.25"
500,000 3/4"  3/4" 34" 1" 1" 1" 1 125" 125" 1.25%"
550,000 3/4"  3/4" 34" 1" 1" 1" 125" 125" 125"
600,000 3/4"  3/4" 34" 1" 1" 1" 1.25" 125" 1.25"
650,000 3/4" 34" 1" 1" 125" 125" 125" 1.25%"
700,000 3/4" 1" 1" 1" 1.25" 125" 1.25" 1.25"
750,000 34" 1" 1" 125" 125" 125" 125" 125"

NOTE:

(1) Capacity of hose assembly will vary depending on end fitting flow diameter and adapters.
(2) BTU's per hour based on Nat. Gas with .63 Sp. Gr. And BTU per C.F. at 60 degrees F.

Electrical Supply (If applicable)

It is important to have ample voltage supply at the heater. It is not uncommon for a 120

volt receptacle to have something less than 120 volts. When a receptacle has less than 120

volts, a voltage drop exists. This is caused from a number of circumstances.

Use a multi-meter to test for 120 volts (AC) at the receptacle. It is also important to make

sure that the length and gauge of the extension cord are both appropriate for the proper

supply voltage needs. The longer the extension cord and the higher the gauge wires in the

cord, the more resistance there will be in the cord. A voltage drop may also exist in

extremely cold weather conditions. For a helpful reference on wire resistance, see the fol-

lowing chart.
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Wire Resistance in Common Gauge Cords

WIRE GAUGE SIZE RESISTANCE PER FOOT
#6 Wire .000403
#8 Wire .000641
#10 Wire .00102
#12 Wire .00162
#14 Wire .00258
#16 Wire .00409
#18 Wire .00651

How To Figure Voltage Drop

Every natural gas heater that uses electricity will have a voltage drop. The voltage drop can
be calculated using a simple formula. There are four things needed to determine the volt-
age drop:

1. The amp draw of the heater.

2. The gauge of the power cord or extension cord.

3. The length of the power cord or extension cord to be used.
4. The resistance per foot for the power cord or extension cord.

The amp draw of the motor can be found on the spec plate of the heater. The gauge of the
extension cord indicates the size of the copper wire that is inside the extension cord and is
usually found on the outside insulation of the cord. The extension cord’s resistance can be
found by reviewing the “wire resistance chart.” Locate the gauge of the extension cord
and match it up with the resistance per foot in the chart. The formula is as follows:

length of cord x resistance per foot of cord x amp draw = voltage drop
The following example can be worked out using the given inputs:
amp draw for our heater =5 amps
gauge of cord = 16 gauge
length of cord = 200 ft
resistance of 16 gauge cord = .00409 per ft (see resistance chart)

200 x .00409 x 5 =4.09
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The voltage drop determined in the example is 4.09 volts. Subtract 4.09 from the starting
voltage of 120 to get 115.91. Most 120-volt heaters can operate safely down to 107 volts,
so the desired extension cord in the example will be sufficient for the application.
However, if it gets extremely cold, or if anything else is going to be run off of the same cir-
cuit, then it is advisable to use a 14 gauge or 12 gauge cord. This is why PHP does not
stock any extension cords over 12 gauge. To decrease the odds of this becoming a techni-
cal (and performance) issue, try to keep 12 gauge (the best seller at PHP) or 10 gauge
cords in stock. If you have further questions about voltage drop, please contact PHP.

Air Supply

Air supply can be broken down into two fields. The first field that requires a certain
amount of air supply is air for the combustion process. Without a certain percentage of
clean air, the efficiency of the burn will diminish or go out altogether. This volume of need-
ed air supply will vary per heater and will be listed in each heaters owner’s manual. The
second field that requires a certain amount of air supply is the interior area that the heater
is operating. Most propane heaters discharge the contaminants of the burn into the area to
be heated. Normal room oxygen levels are in the 20% range, plus or minus a few percent
due to varied factors. Most natural gas heaters require 20% of oxygen for a high efficient
burn. If the oxygen levels start to fall below 20%, efficiency starts to suffer. When effi-
ciency starts to suffer, O2 levels will buildup in the space being heated. Dangerous oxygen
levels start at approximately the 17% level. At the 17% level, headaches and other related
health issues are encountered. This is why the industry standard on ventilation is three SQ
FT per 100,000 BTU’s of heat. This level should always be adhered to.

The Three Types Of Natural Gas Heaters

There are three basic types of natural gas heaters: forced air, radiant, and convection. In
this section, each heater is defined along with its particular advantages and disadvantages.

FORCED AIR

These heaters are heaters that use an internal motor and fan to distribute heat. Forced air
heaters are commonly called “torpedo” heaters. Forced air natural gas heaters range in
size from 150,000 BTU’S to 750,000 BTU’S through PHP. The advantages of the forced
air heater are many. The whole unit does not have to be in the area to be heated; only the
discharge end of the unit has to be in the area to be heated. This allows clean air exchanges
with outside air. In addition, the forced air heater is also a “directional”” heater. This
means heat can be focused on a certain item or place. The forced air heater usually has
multiple safety features. These usually consist of high limit switches, sail switches, air
proving switches, tip switches (normally found on older units), spark plugs, igniter elec-
trodes, ignition control boards, valves, and even thermocouples.
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As with all heating systems, there are a few disadvantages associated with forced air units.
The first disadvantage is the fact that electricity is required for operation. Another disad-
vantage is that forced air is more of a complex unit to troubleshoot and repair. Lastly,
forced air units rely on three components to work properly: the timed delivery of air, spark,
and fuel (in that order).

RADIANT

These heaters work on the principle of transferring heat from one object to another with-
out heating the space in between. For instance, the roof of a black car that has been sitting
in the sun on a cool 60 degree day is much warmer than the surrounding air. Therefore,
the radiant heat from the sun heated the roof of the car without heating the space in
between. That is the concept of radiant heat. As with all heating systems, there are advan-
tages as well as disadvantages.

The first advantage is that most radiant heaters require no external electricity. The second
advantage of radiant heat is that the ground level is heated first, maximizing the BTU effi-
ciency more so than other heating sources. The third advantage is that the most popular
radiant heaters are in the 100,000 BTU range, making them ideal for using standard resi-
dential natural gas pressure. The disadvantages are few. First, very few models have a
thermostatic gas valve which means you cannot use a thermostat. Second, there are rela-
tively few BTU sizes available, mainly low pressure 100,000 BTU models and high pres-
sure 250,000 BTU models.

CONVECTION

These heaters work on the principle of heat stratification. Heat stratification means heat-
ing the topmost areas first, then forcing the heat down in layers until it reaches the comfort
zone (usually from ground level to 6’ off the ground). The main advantage of convection
heaters is that they are the most inexpensive heaters to purchase, providing the most
BTU’S for the buck! The disadvantages of convection heaters are twofold. First, since
convection heaters work on the theory of heat stratification, most of the fuel dollars quickly
rise with the heat to the ceiling and away from the comfort zone. Second, with very few
convection models available for natural gas, large heating applications are not usually
practical.
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Diagnosing Natural Gas Radiantand
Convection Heaters

This section of the manual involves the diagnosing of various issues and problems that will
come up when dealing with natural gas radiant and convection heaters. You may have dealt
with these questions previously, but this section may give you a few more options when it
comes to troubleshooting. The purpose of this section is not to have every single question
and answer possible. What it will hopefully give you is a good basic background on how
many different things can cause a certain symptom. What is extremely important about
this section is that the possible solutions to a heater’s problem will be listed in order of
most common to the least common. If you do not know how to test a component part, or if
you do not know what the component part does, then please refer to the “ PARTS IDENTI-
FICATION & DEFINITION” section listed earlier in this manual. In this first section, we
will be dealing with the radiant and convection (salamander) heaters only. The forced air
section immediately follows the radiant and convection section.

Convection and Radiant Symptom

Symptom My convection heater will run, but it will shut off when 1 take
my finger off the gas valve.

Question Isthe thermocouple in the hottest portion of the pilot flame?

Yes, then check for the proper fuel supply to the unit. Next, light the pilot
light and hold in the gas valve button for 30 to 60 seconds. If that does not
work, then test the thermocouple, then the gas valve, and lastly, check and
clean the connection between the valve and the thermocouple. If the gas
valve fails the test, then you may be able to change the power coil by itself
instead of the whole gas valve.

No, then check for an adequate fuel supply for the BTU output. If there is
an adequate fuel supply, then check the pilot orifice for obstructions. In
addition, check to make sure that the fuel valve is all the way open.
Convection heaters can run up to 250,000 BTU'’S and the number one
technical issue with these heaters is inadequate fuel supply.
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Symptom

Question

Symptom

Question
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My pilot light will not light.
Is there gas coming out of the pilot orifice?

Yes, just because there is gas coming out of the pilot orifice does not mean
that it is coming out properly or even with the proper pressure behind it.
Check to make sure that you have the proper regulator for your model of
heater. If you have the proper gas pressure, then shut off your gas to the
unit, and purge the gas from the fuel supply hose. Then disconnect your
fuel supply hose from the heater. Then, press in the button on the gas valve
and blow compressed air through the pilot orifice in the opposite direction
of the fuel flow. By doing this, any contaminants inside your heater will be
blown free of the unit. If your heater has a Piezo igniter and an igniter elec-
trode, perform a test on both of them.

No, then start by checking to see if you have gas to the unit. If you have gas
to the unit, then disconnect the unit from the fuel supply hose after properly
purging the system of gas. Then proceed to blow regulated, compressed air
from the pilot and burner orifice backwards until all contaminants are
removed from the unit.

My heater gives off an odor and does not give off much heat.
Is the supply hose the right size for the heater?

Yes, if the fuel supply hose is adequate for your heater, then your problem
lies in a few other areas. The most common problem is the restriction of fuel
flow from the orifices, then the regulator, and lastly the push button gas
valve. Use regulated compressed air to blow thru these components in the
opposite direction of the normal fuel flow. The condition of the sheet metal
also plays a part in where and how our burn takes place.

No. Make sure you have the correct supply hose for your heater and heating
application. Please see the previous section titled “THE SUPPLY ISSUES
WITH NATURAL GAS HEATERS” for help in selecting the proper fuel
supply hose for your heater.



Symptom My heater burns, but it has a mostly yellow flame.

Question

Does your heater give off an odor?

Yes, then there may be a problem getting the correct components to func-
tion at the right time. Make sure that you have 3 square feet of ventilation
for every 100,000 BTU’s. Make sure you have correct fuel flow. Check for
the possibility of an incorrect regulator, a partially restricted burner orifice,
alow or improper fuel level, or a problem with a too long of a hose or too
small of an inside diameter of the hose.

No, then this is most likely a low fuel related issue. Check to make sure that
you have the correct regulator as well as the correct fuel supply hose.

Remember, if you have any other questions, please call P.H.P. @ (800) 362-6951

Diagnosing Natural Gas Forced Air Heaters

This section of the manual deals with the troubleshooting of natural gas forced air heaters.
Gas pressures and volumes are the two biggest troubleshooting issues when working with
natural gas forced air heaters. For assistance with natural gas pressures and volumes,
please refer to the section titled “THE SUPPLY ISSUES WITH NATURAL GAS
HEATERS” listed earlier in this manual.

Symptom My heater will fire, but it will only run for about 15 seconds.

Question

Is your heater low pressure ?

Yes, if your heater is low pressure, then most likely there is a problem with
either the unit’s ability to prove the existence of flame, or there is a problem
with the high limit switch. Bypass the high limit switch. If the heater runs
correctly, replace the switch. If the unit does not work correctly, then make
sure that the sensing element (electrode, spark plug, flame rod, or flame
sensor) is in a position to properly sense the existence of the flame. If these
components are in the proper position to sense the flame, then you need to
test them one at atime. Please refer to the section labeled “PARTS IDEN-
TIFICATION & DEFINITION” for help with troubleshooting. If

these components test fine, then you most likely have a bad ignition control
board. In addition, you still may have a problem supplying the proper
amount or volume of fuel to the unit. Please refer to the section titled “THE
SUPPLY ISSUES WITH NATURAL GAS HEATERS” (page 72).
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No, if your heater is high pressure (rated in pounds), then you need to find
out what the gas line pressure is. High pressure natural gas is usually found
in larger industrial applications only, therefore the applications for using
high pressure natural gas heaters is limited. If the natural gas supply pres-
sure is low pressure (rated in inches of water column), then you need to use
low pressure heaters. Usually, the largest low pressure forced air natural gas
heaters are in the 150,000 BTU range.

My heater will run from 15 to 30 minutes, and then shut down.
Does the heater run for shorter lengths of time each time it cycles?

Yes, then the most common problem will be with the high limit switch. To

prove this, bypass the limit switch (for testing only), and let the unit run for
an hour. If this does not solve the problem, then bypass the thermostat (if

applicable). This should solve the problem.

No, there be a problem with the fuel hose being either too long, or too
small in diameter. For help in this area, please refer to the section titled
“THE SUPPLY ISSUES WITH NATURAL GAS HEATERS” (page 72).

My motor runs, | smell gas, but my heater will not light.
Do you hear the electrode (or spark plug) clicking?

Yes, then there is a problem with how the air, fuel and spark systems come
together for proper operation. Usually this means that the natural gas is too
far in front of the spark for ignition. If this is the case, you first need to blow
compressed air through the burner orifice. Then, perform a fan blade test.
If the problem persists, then you need to check the diffuser, burner, and / or
the filter (depending on the heater’s manufacturer).

No, then you may have a bad ignition control module. In order to prove that
you have a bad ignition control module, test the component parts that func-
tion off the module itself. In other words, if the components around the
ignition control module work, then by process of elimination, the ignition
control module is faulty.



Symptom My motor runs, my electrode sparks, but my heater will not

Question

ignite.
Do you smell gas?

Yes, then once again, there is a problem with how the air, fuel and spark
systems come together for proper operation. Usually this means that the
natural gas is too far in front of the spark for ignition. If this is the case,
blow compressed air thru the burner orifice. Then, perform a fan blade test.
If the problem persists, then check the diffuser, burner, and / or the filter
(depending on the heater’s manufacturer).

No, then you most likely will have a problem with the high limit switch, the
solenoid valve, or the ignition control module. You can find out which one
of the three is bad by bypassing the high limit switch. If the heater fires,
then replace the high limit switch. If that does not solve the problem, apply
the proper inlet voltage to the board (usually 120 volts), and check the leads
that run to the solenoid valve for the same voltage with a voltmeter. If proper
voltage is feeding the solenoid, and the solenoid will still not open, then the
solenoid needs to be replaced. If there is not proper voltage coming off the
ignition control module when the proper inlet voltage is applied, then the
module itself is faulty and needs to be replaced.
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Desa Heater Wiring Diagrams

BLP45/BLP80/RLP45/RLP80

Flame Sensor

— 120 Vac

—_— Black 15"
Red 6" d Valve
Air Switch Motor [
Ignitor
[ — Black 6" = Green/Yellow
\anition | TR Sparignior |
Terminal Board Cable : T = 6@g 2 :
1 S 8 g B 22,
£ £ 5
NN 1838 § s355
102 o £33
Al | 1|+ White Green/ "1:]-- ——-.l_-
o |Yellow 6 on/oft |p
Orange 11.5° Switch
White
Black 8" Black
Black 10" Sreen
[
White =
Black

BLP100/RLP100/REM100LP

Black
Power Green
Cord White

White

RS B
Terminal Bo

Ignition

Thérmocouple

ontrol

Ignitor
Thermal Switch

Blue

] Auto Control

! | | Valve

o
C ||
LJ

T L
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Desa Heater Wiring Diagrams

BLP150 (with relay)/RLP150/VLP150

Flame Sensor

Black Solenoid
— 1| e
Redc
Black 3
[J airswitch  { motor } Rod
; M
Ignitor
‘___gz_ Black = Green/Yellow
Y Gieasear ignior )
Ignition @20 1
Terminal Board Cable :g T g . 3 gé:
15 £ T cea
=N LL }8_@__3»%} ggx:
" | I Green/Yellowad ]
White = l- [ On/Off
orange Switch
White I’C
Black Black T
Black i—— 120 VAC
White Green y
Black

BLP155/BLP155A/BLP155AT /RLP155/RLP155A/RLP155AT with Relay

Selencid
Valve

l||-—¢

Orangs

Blue | White
@ White P
Blue Blue ¥\ Blue L|
DSt ., Black
Conlrol ~—

Connector Thermat
Black Switch

Terminal
Board
] Green

88



Desa Heater Wiring Diagrams

(new style w/capacitor)
BLP155/BLP155A/BLP155AT/RLP155/RLP155A/RLP155AT/BNG150T

Electrical Ladder Diagram ) ) )
Black Green White Electrical Connection Diagram
Ignitor

J_ Blue
g Solenoid
L I—>
Green

Ignition O
- System
Position of [ aAutomatic 4
Leads May Ignition [c=!

Vary \ System
\1

O Valve Orange Automatic range

[9)
<
<
3
>
e}
el
>
(e}

-
1
Position of

Leads May
Vary

G V_VR ACR AC| |

[ —= == —
i Green L Insulated
Blue g ) W Connector

White @
Blue
E Black
High Temp Black
witch
Black Motor White White
Green }
=Green or Power Cord x
| Green/Yellow 120 VAC Green
Line Neutral
BLP375/VLP375
J:_

H

Sol. Valve

Motor

[ tanitor |
C
Terminal =
é , Board

i—

/T
— 1

J

F y
Direct 1\] Vs i
ﬁmﬂ‘r 1 4 i \|
o
__l_ E

G
High Limit Switch
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Desa Heater Wiring Diagrams

BLP375AT/RLP35AT/RLP375AT

Solenctd

[irwo | vane
*-]mnge
Blue ITI LIJ

nl—¢

Green @

Orange White -
@ White J
oS! ]l Black |, |
Control | glack \I b
Blue Blue T Blue Blus Terminal Switch
am, 1> ermina
Connactor ‘lh\e-r—m/al Connector Board
_Green Switch
Scheu Heater Wiring Diagrams
30FAS/SPC30
Thermocouple
Electrode
BL BL
T @ I
‘ Relay B
B B
W

[

Ignitor )J
up I&J“’l
JTIN_ 2f7]

i e B

Hi-Limit
Switch

COLOR CODE
B-Black
R-Red
BL-Blue
W-White
G-Green

LEGEND

>—— Female Connector
O—— Ring Connector
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Scheu Heater Wiring Diagrams

40FAC/SPC40/45FAC/SPC45/55FAC/SPC55/85FAC/SPC85/125FAC/SPC125

With Hi-Low Ignition

Thermocouple
Spark COLOR CODES
Plug B: Black
B Bl: Blue
___ W: White
BorO - G: Green
R: Red
Ignitor J Y: Yellow
d r L1 @ O: Orange
_ ] L e—¢ LEGEND
w I l Female Conn
B —
High-Limit = O Ring Conn
Switch
R or Y- . Terminal Board
R or Y
w_J B
Line Cord =
With Eaton
Thermocouple
::L_I:?I_E': Electrode
' I L
Relay et
v b [ ]
Ignitor )J
W l_—ﬂ”L 1 1
[ i ~ | Color Code
b N 2
w I B-Black
d | _ ] ?>—b 1 ) o BL—Bll}e
Ignition - High Limit W-White
Button A Switch G-Green
T.Boar RorY- R-Red
4 | gl Y-Yellow
b RorY 0O-Orange
g;FW ]
€]
Line Cord =




Scheu Heater Wiring Diagrams

80FAS/80FAC

R — Ty
B [
[
Chassis [N
L;:l::llfl SPARK PLUG J O iusv, HOT, L1
O P
= L rB-a——— P
P
. Dot
HiLimit 1| f———0 {crouna
V '
L —e H |
P
Spark Plug 1 |
) | IGN
¥ 7
115V L 1 115V, RTN, L2
1
Control 60 ' H
Switch O | valve, v2
G { )
H b
Lr(g_d__l_‘ S [TO [ vavevz
[t
= (Cha § w [
wroum COLOR CODE & LEGEND Slame,
E‘: [l?lldgk h) l({)er(imgc "> Feule Counector
Br: Brown W:White X Harness
GiGreen V:Vellow o form Board or
wire Nut
If any original wiring as supplied wili the heater nust be replaced, it must be replaced with
type AWG 105°C wire or its equivalent except as indicated (*type $£2-2000, * "8Gl 250°C)

80FAS

CONNECTION DIAGRAM SCHEMATIC DIAGRAM

SPARK

CHASSIS GROUND
HI-LIMIT PLUG B.GND;
GROUND SwTen ( )
- o NEUTRAL
due - {L2)
FLAME
CONTROL IGN
GRD
NEUT LINE
LINE O~ (L1)
yaLve IGN
VALVE VALVE
(MV)(V1)
VALVE
MVG)(V2;
LINE CORD (eve)v2)
G
L cussis

GROUND

If any original wiring as supplied with the heater must be replaced, it must with
type AWG 105 C wire or its equivalent except as indicated (*type SF 2-200, ** SGI 250 C)
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Scheu Heater Wiring Diagrams

150FA/150FANG

Timer & Relay Control No. 862A-1t

]
ToggleSwitch 81 TB2 High Limit '
Switch Dt Safery Contacts N.C. |
. { o i . 1 87
Cray Black | H vi t Purple
| ] ! Yellow
Black ! : !
1 ]
Red 45-Second |
Timer t Resistor
[l 1 !
I { ! va ) Orange vellow
| ! ¢
i | 1 _ Relay
MOTOR H Contacts NO. g
| hermal | H cz 1 .
ermal Bl
| Gverload | | 2 ! mi -
1 [ -——t |
- —— Black
I Flame S
Sensor t
Amber J
Green NE Light CD ,
ah -
Black Solenoid
Gas Vatve
White White White White
White
T8 8 8 83
T8 - Terminal Board 83
CONNECTION DIAGRAM SCHEMATIC DIAGRAM
-
ORI
i

D |24v

TRANSFORMER
D N —T O
'ON/OF F
@" SWITCH
ISOLATION
CHASSIS SPARK PLUG TRANSFORMER
GRQUND

| o CENT.
Tle——xrf —l H=LMIT SWITCH
SWITCH
)

HI-LIMIT
SWITCH

0t
L
!

FLAME ROD

o i a——H @ |sENsE
S S = SPARK PLUG
L
¥ o2 FLAME ROD sV d?:g/‘"'o 1oN
SENSE 60HZ R\ 7
-aorB 6ND:
CONTROL -

7OFF o

ren
ﬁD:%’— o7
LINE CORD COLOR CODE TEGEND

B: BLACK 0:ORANGE | >—  FEMALE CONNECTOR

L(3) | VALVE

— CHASSIS L BWE R RED X HARNESS e—
GROUND BrBROWN W. WHITE M TERM. BOARD OR W FLAME
WIRE NUT CONTROL

G: GREEN ¥: YELLOW

t any orignal winng as supplied with the heater must be replaced, it must be replaced with
1ype AWG I05°C wire or its equivalent except as indicated {sfype SF-2 200, #*SGl 250°C)
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Scheu Heater Wiring Diagrams

150FAS/150FASNG

CONNECTION DIAGRAM

SPARK
gggﬁs;g HI-LIMIT PLUG
ITCH
Q0 ** -
LAME
CONTRGL
GRD
NEUT
LINE
vALVE IGN
VALVE
COLOR CODE LEGEND.
G B BLACK RRED {)>— FEMALE CONN
_E-—~O———-—J— L BLUE WWHITE| W Y TERMINAL
CHASSIS G GREEN
Z GROUND 0 ORANGE

SCHEMATIC DIAGRAM

GROUND
(B.GND)

NEUTRAL
(L2)

LINE
1)
VALVE
(av)vy)

VALVE
(MVG)(V2)

U any original wiring as

supplied with the heater must be replaced, it must wi

type AWG 105' C wire or its equivalent except as indicated (*type SF 2-200, ** SGI 250° C)

150FAST/SPC150FAST

Connection Diagram
P R*
—wW Spark Plug

o

g

B Line E>
R - Neut
W-{Valve

G~Grd
Flame Control
[ Tt by, (CP Mark 10DN)

Chassis

Li G = Ground

Line Cord ¢

Connection Diagram

9_ gh :lssi;e1
- broun Chassis
Ground

Schematic Diagram

Flame
Conuol

d
1" !—-—rO | (@ En

i

| | Neutral

|

N
«@my_'ro I(Omnge)

Spark Plug

Thermostat

: Lme
Hi-Limit | | ddy
Switch |
L
m™ 4 Al Valve
= FO Lwvaiin

L1 (ke

|
I (Mw(vn
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Scheu Heater Wiring Diagrams

170FAST/SCP170

SPARK
PLUG
O e -
B—{LINE é)
w—| NEUT
R—{YALVE
R G— GRD
o B FLAME
THERMOSTAT P By CONTROL
B w
CHASSIS
LINE CORD ¢ = GROUND
COLOR CODE LEGEND
D 8 BLACK R RED | @ TERMINAL BOARD
= GROUND CBLUE W WHTE | § Y TERMINAL
G GREEN € MALE CONN
O ORANGE > FEMALE CONN

3500FA/3500FANG

TIMER & RELAY CONTROL 862A-1l
———

THERMOSTAT TP
SAFETY
SWITCH
CONTACTS NC.
TBI Sy TBS I i /fl N, 87
BLK BLK I Vi Buack
TB2 |
2 RESISTOR
Brocx Res 45-SECOND
* TIMER va
ok CENTRIFUGAL e S T84
swren na | CONJACTS N.O.
coil. c2 T2 Biach Ocange®™ HIGH LMIT
swiTcH
A Firia 5
Black MOTOR
FLAME S AMBER
g&"::; SENSOR LIGHT
N.C.
Hi-L0 sonEL T86
RED N IGNITOR
LIGHT reen O
D ©@
Yeliow¥ 4!
e =1
whte 1
Black’ SOLENOD
Bloox T Black| GAS VALVE
white
Cf wae whie va
TB3 TB3 783 TB3

I any original wiring assupgplied with she heater must be repidced, |t must be replaced with
1ype AWG 1O5C wire or I1s equivalent except as indicated (*type SF-2 200° *1we SGI 250°C)

95




Scheu Heater Wiring Diagrams

3500FAS/3500FASNG

THERMOSTAT/ 1
TIP SWITCH B

LINE CORD

aND

L IHD

" J
VALVE X

T Feane.
CONTROL

LEGEND

}» COLOR COOE
{8 BLACK R RED
1L BLUE WWHITE
{ G GREEN
1‘0 ORANGE

¥ YELLOW

>——  FEMALE CONNECTOR

& MALE CONNECTOR

W TERM. BOARD OR
WIRE NUT

If any origind wiring as supplied with the heater must be re;gaced, it must be
type AWG i05°C wire or its equivalent except os indicated {

CONNECTION DIAGRAM Bam o8
HILIMIT — FLAME
SWITCH  coNTROL
GAS B ¥
VALVE j—— 8 T
*
SPARK PLUG

f TIP SWITCH SCHEMATIC DIAGRAM

LR f—o T HERMOS TAT [

i

) L) (HoTL
| | tsv)
I
— 1) |RM.L2

. i
I I

I
' i
CENT Lo
SWITCH L0
I
MOTOR |
- .

uzy
60hz
w FLAME
S

type SF-2 200,

repiaced with
“fsnel 250°C - 25KVDC).

3500FACV/3500FACNG with 5 wire D.S.1.

@ '

CHASSIS
IND
Moy

et

CONNECTICN _DIAGRAM

THERMOSTAT

——

‘i:D:‘%T
LINE CORD ¢
i
= CHASSIS
GROND

Y
H HI-LIMIT ELEC TRODE
(| SWITCH P
CHASEIS
GROUND R J:‘
—O—
FLAME
CONIROL
GRO
NEUT
LNE o
IGN
VALVE
VALVE
COLOR _COLE LEGEND
B BLACK R RED |>— FEMALE CONN.
LOWE  wwHITE
G GREEN Y YELLOW| <— MALE CONN
0 ORANGE

g

w

SCHEMATIC D1-GRAM

THERMOS TAT

NEUTRAL
1
ELECTRODE 1

IGN

T
'
|
'
'
|
!
1
t
I
'
[
)
|
I
1
i
t
I

uMIT 1

! |
e e O
HI- \
’

(F ANY QRIGINAL WIRING AS SUPFLIED WITH THE MEATER MUST BE REPLACED, 1T MUST BE REFLACED witt TVPE AWG 105°C
WIRE OR ITS EQUIVALENT EXCEPT AS INDICATED(*TYPE SF-? 200,

61 75U 1 - 25KV EC).
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Scheu Heater Wiring Diagram

3500FACV with potted D.S.I.

S

Yoraj
(P YorB % ELEcTRODE

CHASSIS
GROUND

L a—

S5
BR
“~n

R%T: !
e

LINE CORD g =

g

HI-LIMIT -
SWITCH - -

"o

L

e &
¥—{ NEUTRAL
R— VALVE

¢—| GREEN

i=]

FLAME
CONTROL
{CP MARK 10 DN)

CHASSIS
GROUND

9.__]

= | COLORCODE ' _ IFGEND |
CHASSIS B BLACK R RED |m TERMINAL BOARD

GROUND, G GREEN . W. WHITE| 5 Y TERMINAL
Y YELLOW <« MALE ‘CONN.
0.-ORANGE > FEMALE CONN.

3500FACNG with potted D.S.I.

THERMOSTAT

LINECORD ¢

=

HI-LIMIT
SWITCH .

L..&i_;q

FLAME
CONTROL

ORIFICE
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Scheu Heater Wiring Diagrams

7000FACV

AN ] i
{ Limit } Switch
Switch/

< L

fl Grd I1B]pB
ign
)

i

) [Neut P B4 |c| pB-
Fame |Line Iol
Control -
Valve M
g}

Valve

Hl Air
f»‘fﬁ: E NEUT ‘
= LINE CORD 1
LINE

O
O
O
vawve [ Of——
O
O

@

VALVE

THERMOSTAT

IGN

7000FACV with potted D.S.I.

PIN 7501 CP MARK 150N
PIN 78081 {0DN POTTED  ~

CONNECTION DIAGRAM
FOUR WIRE FLAME CONTROLS FIVE WIRE FLAME CONTROLS
Hi
unT
SwiTcH
- ﬂ }« = -
LINE 8 GRO(E/B) -l
MEu'r—w—l NEUTI L4 b4
FLAWE |AVE—R UNELY)
CONTROL | 5RD VALVEMVRVA
VaLvEN)
FLANE CONTROL

FLAME CONTROL 0
PN 740%: RAN 11301

PN 7218 CP MARK 10N @H
PN 7219 FENWAL 568

= 1
THERMOSTAT

i

cotom oo P
B-RAX

3K fa————
Q= ®  YTRMDAL
0 cRANE

T YELLOW €—  MALBOMO.
ReEED
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LB White Heater Wiring Diagrams

TS080

SEREEEREES

HIGH LIMIT SVITOES

e

RRRRAGEE

kR

(eX=]

TERMINAL
STRIF

;

REHOTE
NEMA 4 X
THERMOSTAT

il Ik

TS170
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LB White Heater Wiring Diagrams

TS350

YELLOW GREEM I
DIRKEG(;‘T"iE:SE TeLow seovm (" "\ g Y snoves Crl e il REMOTE
AR PROVING SWITCH n‘::lﬂgif
1) o
53|  BURNER GROUND Q
T e s
- .
R = £ i L ey
YELLOW
2 m: vELLoW g ::f:
= YELLOW ~
= b == ) 22 poweR conp
R = L -
g (1] BURK I__A\__r ]
BIACK h—r1
m':,'fl’éi'ﬂ L= BLACK. 5 s ——— 7 J J
3 BLACK. st
LT N 1 o1 B B
e 2 4 TERMINAL gy e e
LA T oex STe L Ll
ol GREEM
SELECTUR SWITCHW/LED,
Toro Heater Wiring Diagrams
PH90/PH150
Black
Black Thermostat )
In Line White
Sail Fuse sol.
] switcn Lave] | |ereen
Wire Nut Cord
5 o G o g
S 2 08 £ =
= a z =z
H.V. Lead
Black Ram Control

Spark/Monitoring
Probe
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Notes:
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Technical Service Manual
< Heater & equipment breakdowns
< Technical tips & troubleshooting

< Part references

Part No. 21T

Gl Farad Heators

Low Pressure Oil Fired

Service Manual

We have developed our own 160 page
service manual that covers all three
manufacturers of low pressure oil fired

heaters; Desa, Toro, Scheu.
Part No. SM70106

102

Let Us Give You A Hand

Fixing That Heater!

Heater Service
CD Roms

Tech
Service
Manual
OnCD

£

Part #CDTS

Low

Pressure
Manual «
OnCD

Part #CD70101

Gas
Fired

\ERIEL
OnCD

Part #CDGF
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