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(57) Abrege/Abstract:
A flameless heater Includes a diesel engine, a hydraulic or electric load that Is powered by the diesel engine thereby generating

heat, a heat exchanger that transfers heat to air flowing through the air from the flameless heat source, and possibly other heat
exchangers for heating the air flowing therethrough with engine coolant and/or with exhaust gases. The system may be operated to
maintain relatively high load on the engine for at least the majority of the time so as to reduce or negate the need for parked
regeneration. The system may also control airflow through the system and possibly other system parameters to obtain a given
setpoint such as a given discharge air temperature. In one embodiment, airflow through the system Is controlled by louvers under
the power of an electric motor or other actuator controlled by the system's controller.

i R
R W N [ /[ 4
S h .

SRR /S S
ey CIPO
3 DR \_'\Q;?&_.‘a\g«?l
SRR ‘-g;}::q
4

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02918126 2016-01-19

ABSTRACT

A flameless heater includes a diesel engine, a hydraulic or electric load
that 1s powered by the diesel engine thereby generating heat, a heat exchanger
that transters heat to air flowing through the air from the flameless heat source,
and possibly other heat exchangers for heating the air flowing therethrough with
engine coolant and/or with exhaust gases. The system may be operated to
maintain relatively high load on the engine for at least the majority of the time so
as to reduce or negate the need for parked regeneration. The system may also
control airflow through the system and possibly other system parameters to
obtain a given setpoint such as a given discharge air temperature. In one
embodiment, airflow through the system is controlled by louvers under the power

of an electric motor or other actuator controlled by the system’s controller.
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FLAMELESS HEATER
CROSS REFERENCE TO A RELATED APPLICATION

[0001] This application claims priority based on U.S. Provisional Patent

Application 62/105,541, entitled “FLAMELESS HEATER” filed January 20,

2015, which is herein incorporated by reference.

BACKGROUND OF THE INVENTION

]. Field of the Invention

[0002] The invention relates to mobile heaters and, more particularly, relates to
so-called “flameless heaters” that generate heat without the use of a burner or

other flame that is exposed to the surrounding environment.

2. Discussion of the Related Art

[0003] Mobile heaters are used in a wide variety of applications to heat the
ground, interior spaces such as tents, or equipment such as an oil well heads or
fire hydrants. These systems draw ambient air through a plenum, heat the air,
and expel the heated air to the worksite. The most common heaters generate heat
using an oil or gas powered burner that generates an open flame. These heaters
may be either “direct fired heaters” or “indirect fired heaters.” Direct fired

heaters heat the air via direct contact with flames from a burner. The heated air
and combustion products thus are intermixed. These burners work on the same
general principal as a gas grill. In direct fired heat exchangers, exhaust

byproducts exchange heat with ambient air before the exhaust byproducts are
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exhausted from the system in a separate stream from the heated air. These
burners work on the same general principal as a furnace.

[0004] However, some applications demand a “flameless™ heater, 1.e., one that
generates heat without the use of an open flame that 1s exposed to the
surrounding environment. These applications include those in which the heater 1s
used in or near an environment containing flammable or potentially explosive
materials, such as in gas or oil fields. Flameless heaters typically include an

internal combustion engine that powers an electric or hydraulic heater.

[0005] Mobile heaters, including flameless heaters, often are powered by diesel
engines. Operation of such engines under low load conditions for prolonged
periods of time can be detrimental to the extent that such operation can lead to
hydrocarbon buildup known as “soot.” Soot buildup occurs when unburnt fuel is
exhausted out of the engine’s combustion chambers and builds up in the engine’s
exhaust system and valves. The unburnt fuel can accumulate in the engine’s
Diesel Oxidation Catalyst (DOC) and Diesel Particulate Filter (DPF) and is
evident in the form of a dark particulate or oily dust. Soot significantly shortens
the life of particulate filters and other engine components, reduces maximum

power, and Increases emissions.

[0006] Soot buildup in engines typically is avoided by periodically implementing
a parked or active regeneration procedure. During a parked regeneration

procedure, the system is taken off-line as only a small parasitic load is allowed to

be applied to the engine, and the engine is run at a relatively high RPM for a
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period of time sufficient to increase the temperature of the system’s exhaust
system sufficiently to burn off accumulated soot from the system’s exhaust
system while fuel is injected into the engine’s cylinder during the exhaust stroke.
This procedure is performed under control of the engine’s electronic control
module (ECM), also called the electronic control unit (ECU). The procedure can
take 30 minutes or more to complete, necessarily requiring that the machine be
taken out of service for at least that period of time. While most machines permit
manual override of the parked regeneration procedure, failing to implement the
procedure for a prolonged period of time can result in damage to the engine or, at
a minimum, the need to replace a relatively expensive diesel particulate filter and
diesel oxidation catalyst. An active regeneration procedure also is characterized
by the injecting of fuel during the exhaust stroke to burn the excess soot built up
in the DPF when the engines ECM determines it is necessary and the exhaust
temperatures meet the set criteria. However, an active regeneration procedure 1s
allowed to be performed while the unit is still online and under load. That is, the

active regeneration is performed in the background relative to device operation.

[0007] Known flameless heaters also are relatively “dumb.” That 1s, they ofter
little if any versatility in their outputs. They also are incapable of regulating the

system to obtain a designated air outlet temperature.

[0008] Still another drawback of known flameless heaters is that they require
engine oil changes and related maintenance relatively frequently, typically on the

order of every two weeks or every 100 to 250 hours of operation. This
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requirement for frequent maintenance is highly detrimental since heaters of this
type often are used in very remote locations in which maintenance is difficult, if
not impossible. It would be preferable to provide a flameless heater that could
operate for an entire season, i.e., on the order of 1,000 to 3,000 hours or more,

between service intervals.

[0009] In addition, most flameless heaters exhibit a “heat rise”, or a maximum
temperature increase of air flowing therethrough, of on the order of 90°F (32°C).
A relatively low heat rise can be detrimental when the machine 1s operated 1n
extremely cold climates in which subzero Fahrenheit operation i1s common.
Typical advertised temperature rises are 150-180°F (66-82°C). It would be

preferable to provide the capability of greater heat rises.

[0010] The need therefore has arisen to provide a diesel-powered flameless heater
that consistently imposes a sufficient load on the engine to reduce or negate the

need for parked or attire regeneration to avoid or mitigate soot butldup.

[0011] The need also has arisen to provide a flameless heater that can be reliably
operated to output a designated, preferably selectable and/or adjustable, output air

temperature.

[0012]) The need further has arisen to provide a flameless heater exhibiting
extended service intervals of at least 1,000 hours, and more preferably, of up to

3.000 hours or more.
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[0013] The need additionally has arisen to provide a tlameless heater with

relatively high heat rise.

[0014] The need additionally has arisen to provide improved methods of

operating a flameless heater.

SUMMARY OF THE INVENTION

[0015] In accordance with a first aspect of the invention, one or more of the
above-identified needs is met by providing a flameless heater having a diesel
engine, a flameless heat source that is powered by the diesel engine, a heat
exchanger that transfers heat to air flowing through a plenum from the tflameless
heat source, and possibly, but not necessarily, other heat exchangers for heating
the air flowing therethrough with engine coolant and/or with exhaust gases. The
system may be operated to maintain relatively high load on the engine for at least
the majority of the time so as to reduce or negate the need for parked
regeneration. That load may, for example, be at least 35%, and more typically at

least 40%, of the engine’s maximum rated load.

[0016] The system may also control airflow through the system and possibly
other system parameters to obtain a given output set point such as a given
discharge air temperature. In one embodiment, airflow through the system 1s

controlled by louvers under the power of an electric motor or other actuator

controlled by the system’s controller.



CA 02918126 2016-01-19

[0017] The flameless heater may be a hydraulic heater relying on hydraulic tluid
as a heat transfer medium. The hydraulic fluid may be heated by one or more In-
line restrictors through which hydraulic fluid is pumped under pressure. Engine
load and heating capacity can be adjusted by selecting the number of restrictors

through which hydraulic fluid 1s forced.

[0018] The system’s heaters or heating elements may be arranged to maximize
the available heat rise of air flowing to the system. The entire flameless heater
may exhibit heat rise above 150°F (65°C) and more preferably of approximately
200°F (93°C). In one embodiment, heat rise maximization is achieved by placing
a hydraulic fluid-to-air heat exchanger or oil radiator downstream of the system’s
engine radiator of the system in the direction of airflow through the plenum so
that the coldest air is heated by the engine coolant, and the warmer air is heated
by the hotter hydraulic fluid. An exhaust gas heat exchanger may, if desired, be
provided downstream of the oil radiator, permitting the air to be heated still

further by the relatively hot exhaust gases.

[0019] The system components may be designed to provide service intervals of
over 1,000 hours, and more typically of the order of 3,000 hours, hence
permitting the system to be used for an entire season in most applications.
System characteristics that provide the desired relatively long service interval
include one or more of a relatively large oil sump, high engine oil filtration

capacity, a high-volume hydraulic fluid tank, and high hydraulic fluid filtration

capacity.
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[0020] A method of operating a flameless heater so as to achieve one or more of
the benefits discussed above also is provided. The method may include, for
example, controlling the engine, the heat source, and airtlow through the plenum
so to consistently maintain the engine at a sufficiently high load so as to avoid the

need for parked regeneration to avoid soot buildup.

[0021] Various other features, embodiments and alternatives of the present
invention will be made apparent from the following detailed description taken
together with the drawings. It should be understood, however, that the detailed
description and specific examples, while indicating preferred embodiments of the
invention, are given by way of illustration and not limitation. Many changes and
modifications could be made within the scope of the present invention without
departing from the spirit thereof, and the invention includes all such

modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Preferred exemplary embodiments of the invention are illustrated in the
accompanying drawings in which like reference numerals represent like parts

throughout, and in which:

[0023] Fig. 1 is a partially cutaway, somewhat schematic perspective view of a

flameless heater constructed in accordance with an embodiment of the invention;

[0024] Fig. 2 is a schematic diagram illustrating selected components of the

flameless heater of Fig. 1;
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[0025] Fig. 3 is a schematic diagram illustrating selected controls and electrical

components of the flameless heater of Fig. 1;

[0026] Fig. 4 is a flowchart illustrating operation of the flameless heater of Fig. 1

In a startup mode;

[0027] Fig. S is a flowchart illustrating operation of the flameless heater of Fig. 1

in a fixed temperature set point mode;

[0028] Fig. SA is a flowchart illustrating a subroutine of the tflowchart of Fig. 5;

and

[0029] Fig. 6 is a flowchart illustrating operation of the flameless heater of Fig. |

in a user-settable outlet air temperature set point mode.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0030] Referring to the drawings and initially to Fig. 1, a flameless heater 10
constructed in accordance with an embodiment of the invention is illustrated. The
flameless heater 10 is mounted in a mobile trailer 12 so as to be towable to remote
worksites. The trailer 12 includes a chassis 14 mounted on the ground by wheels
16 and towable via a hitch 18. The flameless heater 10 is supported on a bed 20

located above the chassis 14. The heater 10 is enclosed in a casing or enclosure
21 defining a plenum 22. The plenum 22 has an ambient air inlet 24 located at the
front of the enclosure and a heated air outlet 26 located at the rear of the

enclosure. A duct (not shown) may be attached to the heated air outlet 26 to
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direct the heated air to a desired location such as to the interior of a tent or other

enclosure or to a particular area of the ground or to a device.

[0031] Still referring to Fig. 1, the heater 10 includes a diesel engine 30 and a
three-stage heating system, including an engine radiator or coolant-to-air indirect
heat exchanger 32, a hydraulic heat exchanger 34, and an exhaust-to-air indirect
heat exchanger 36. Air is drawn through the plenum by a fan 38, which may be
powered either electrically or mechanically by the engine 30. The fan 38 may be
of fixed speed or may be of variable speed depending on engine RPM and/or other
factors. Airflow through the system is controlled by a system of adjustable
louvers 40 positioned inside the plenum 22 adjacent the ambient air inlet 24. In
the present embodiment, airflow is adjustable from a minimum of 1,500 to 1,700
CFM, and more typically of about 1,625 CFM, to a maximum of 2,400 to 2,600
CFM, and more typically of about 2,500 CFM. Louver position is controlled by
an electric motor or other actuator 180 (Fig. 3) capable of precisely opening or
closing the louvers 40 on a controlled basis, preferably with closed-loop control

based on output of a sensor monitoring temperature.

[0032] Still referring to Fig. 1, the engine 30 may be any of a number of diesel
engines available from any of a number of manufacturers. Depending on the size
of the heater 10 and other factors, it may have a horsepower rating of 20 to 300
Hp. One acceptable engine 30 is a 74 Hp engine available from Kubota. The
engine 30 is supplied with fuel via a tank 42 located under the bed 20 of the trailer

12. The tank 42 preferably has sufficient capacity to permit the heater 10 to
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operate for significant periods of time without refueling. A capacity of on the
order of 200 gallons (750 liters) is preferred. Fuel is transferred from the tank 42
to the engine’s fuel injectors (not shown) by a pump 50 (Fig. 2), a fuel line 52
(Fig. 1), and first and second fuel filters 54 and 56.

[0033] The engine 30 further includes an air intake system and an exhaust system.
The air intake system includes an intake 60 located outside of the plenum 22, an
air cleaner 62, and an air intake manifold (not shown). The exhaust system
includes an exhaust manifold 64, an exhaust chamber 66, the exhaust heat

exchanger 36, and an exhaust stack 68 exiting the top of the plenum 22.

[0034] The engine 30 is supplied with lubricating oil that is stored in an o1l pan 70
and that is filtered by a system of oil filters. In order to increase service intervals,
the oil pan 70 is of a relatively high-capacity, preferably in the order of 20 to 30
gallons (75-112 liters) and more preferably on the order of 26 gallons (100 liters).
In addition, multiple oil filters are provided in order to increase the effective
service life of the filters. Three such filters 72, 74, and 76 are provided in series
this embodiment. A bypass (not shown) is provided around each of the first two
filters 72 and 74 in the direction of oil flow so as to permit continued filtration by
the downstream filter(s) should the upstream filter(s) become clogged. Each filter
72, 74, and 76 may be a 20 Micron filter. The engine 30 is cooled by the engine
radiator 32, which is located between the engine block and the front ot the plenum
22. As already discussed, engine radiator 32 also forms an integral part of the

system’s three-stage heater.

10
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[0035] The flameless heat source 34 may comprise any of a number of systems or
devices that lack a burner but yet can impart heat to air tlowing through the
plenum 22. For instance, it is conceivable that the flameless heat source 34 could
be an electrical heat source powered directly by the engine 30 or by a generator
that is powered by the engine 30. It also could be a hydraulic source relying on
fluid shear to heat hydraulic fluid flowing through an impeller-type device. One
such device is disclosed in U.S. Patent No. 5,819,724 to Hybertson, the subject
matter of which is incorporated by reference by way of background. In the
illustrated embodiment, the flameless heat source includes an oil radiator 34 that
acts as a liquid-air-heat exchanger. Radiator 34 receives hydraulic fluid or heat
transfer fluid (HTF) that is heated by being forced through one or more restrictors
under pressure. One such oil radiator 34 and the associated hydraulic circuit are
shown schematically in Figs. 2. Also shown in Fig. 2 are the aforementioned
plenum 22, engine 30, louver assembly 40, radiator 32, and exhaust heat

exchanger 36.

[0036] The hydraulic fluid or HTF supplied to the oil radiator 34 may be any of a
number of fluids that ban be heated sufficiently by flow through an orifice or
restriction to provide the desired heating effect. It also should have a sufficiently
low viscosity at low temperatures of on the order of -40°F (-40°C) to be pumpable

through the system at these temperatures.

[0037] Still referring to Fig. 2, when viewed in the direction of airflow through the

plenum, the oil radiator 34 is positioned downstream of the engine radiator 32

11
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and, preferably, between the engine radiator 32 and the exhaust gas heat
exchanger 36. Positioning the oil radiator 34 downstream of the engine radiator
32 increases the available “heat rise” or capacity of the system to raise the
temperature of air flowing therethrough because the fluid in the oil radiator 34 can
be considerably hotter than coolant in the engine radiator. Coolant in the coolant
radiator typically has a temperature of on the order of 160°F to 210°F (71°-99°C)
and more typically of about 175°F (80°C). When the system is operating in the
high heat mode described below, the fluid entering the oil radiator 34 typically has
a temperature of about 180°F (82°C). The exhaust gas temperatures entering the
exhaust gas heat exchanger 36 are hotter still, typically on the order of 340°F
(171°C). By placing these heat exchangers in series such as the air is
progressively heated by the hottest available heat transfer medium, it has been
found that a heat rise above 150°F (65°C), and even on the order of 200°F (93°C),

can be obtained. Hence, for example, air entering the system at -20°F (-29°C)

can be heated to 180°F (82°C).

[0038] Still referring to Fig. 2, the hydraulic circuit includes an oil tank 80 storing
HTF, a pump 82, first and second restrictors or orifice plugs 84, 86, and a valve
assembly 88 that controls HTF flow through the system. The pump 82 is supplied
with HTF from the oil tank 80 via a low pressure supply line 90. The tank 80 has
a relatively high capacity so as to increase the effective service lite of the HTF to
the above-mentioned 1,000 to 3,000 hour period. That capacity may be on the

order of 20-30 gallons (75-112 liters), and more typically on the order of 25

12
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gallons (100 liters). Fluid temperature in the oil tank 1s monitored by a
temperature sensor 92. Fluid level in the o1l tank 80 also may be monitored by an
oil level sensor (not shown). Fluid is returned to the oil tank 80 via a return line

94 and a bypass line 96, both discussed below.

[0039] Still referring to Fig. 2, the valve assembly 88 includes a high pressure
inlet 100 coupled to the pump 82 via a high pressure supply line 102, a first,
heated fluid outlet 104 coupled to the oil radiator 34 via a discharge line 106, and
a second, bypass outlet 108 coupled to the bypass line 96. The oil radiator 34 has
a fluid inlet 110 connected to the discharge line 106, and a fluid outlet 112
coupled to the drain line 94 leading to the oil tank 80. First and second oil filters

114 and 116 are disposed in the drain line 94. The filters 114 and 116 have a

capacity of 10 and 20 Microns, respectively.

[0040] Disposed within the control valve assembly 88 1s a heat source or load
formed from first and second restrictors or orifice plugs 84 and 86 positioned in
parallel with one another. The control valve assembly 88 controls fluid flow
through restrictors 84 and 86 and also includes valves that are designed and
controlled to set the pressure at which fluid 1s pumped to the restrictors 84 and 86
via a high pressure inlet passage 132 coupled to the inlet port 100. The valves
also are designed and controlled to provide high heat rise with maximum engine
load by causing fluid flow through only the first restrictor 84 and to provide

reduced heat with reduced engine load by causing fluid flow through both

restrictors 84 and 86. The valves of assembly 88 also can be controlled to bypass

13
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both restrictors 84 and 86 to disable the heater and minimize engine load. Toward
this end, the valve assembly 88 comprises a pressure relief valve 120and a two-
way/two-position solenoid valve or bypass valve 122, an orifice valve 124, and a
safety bypass check valve 126. The pressure relief valve 120 is located in a
branch line 128, connecting the inlet passage 132 to the bypass outlet 108. The
relief pressure of the pressure relief valve 120 is set at a pressure above the rated
pressure of the remainder of the system, or about 3000 psi (20,700 kPa) in the
present embodiment.

{0041] Still referring to Fig. 2, the valves 122 and 124 control fluid flow through
the restrictors 84 and 86 from high pressure inlet passage 132. The bypass valve
122 is located in a branch line 134 that is positioned upstream of both restrictors
84 and 86 and that connects the valve assembly inlet 100 to the bypass outlet 108.
When the bypass valve 122 is closed, fluid flows through at least the first
restrictor 84, and possibly the second restrictor 86 as well, and thence to a heated
fluid outlet passage 136 and to the heated fluid outlet port 104. When the bypass
valve 122 is open, fluid in the high pressure inlet passage 132 flows to the bypass
outlet 108 with minimal flow through restrictors 84 and 86. The second orifice

valve 124 is located in a branch line 138 of the passage 132 leading to the second

restrictor 86. When the second orifice valve 124 is closed and the bypass valve
122 is also closed, all fluid flowing through the passage 132 is forced through the

first restrictor 84. When the second orifice valve 124 is open and the bypass

valve 122 is closed, a portion of the fluid flowing through the passage 132 flows

14
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through the second restrictor 86 before being delivered to the heated fluid outlet

passage 136.

[0042] The safety bypass check valve 126 is located in a branch 140 of the heated
fluid outlet passage 136. Opening of the valve 126 connects the outlets of the
restrictors 84 and 86 to the bypass outlet 108 and allows flow through passage 128
if the pressure in the branch 140 is above a safe pressure of, for example 150 psi
(1035 kPa). Outlet fluid temperature i1s monitored by a temperature sensor 142.

[0043] Turning now to Fig. 3, electrical controls for the flameless heater 10 of Fig.
1 are schematically illustrated. These controls include first and second controllers
150, 152, and expansion modules 185, 186, and 187, a broadband
communications link 154 interconnecting the controllers 150 and 152 and
expansion the modules 185, 186, and 187, a number of sensors and controls
providing data to the controllers 150 and 152, and a number of components
controlled by controllers 150 and 152. Each of the controllers 150 and 152
comprises an electronic control unit or ECU. The first controller or engine
controller 150 controls operation of the engine 30. The second controller or
heater controller 152 controls the remainder of the flameless heater 10. The

broadband communications link 154 may comprise a so-called CAN bus capable

of providing two-way communication between the two controllers 150 and 152,
expansion modules 185, 186 and 187, and also possibly capable of receiving

signals directly from sensors. It is appreciated that additional controllers and

15
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modules could be provided that perform some of the functions described herein,

as well as additional functions such as gas detection or telemetry.

[0044] Still referring to Fig. 3, in the illustrated embodiment, the engine controller
or ECU 150 may be supplied by the manufacturer of the engine 30. It receives
signals from an engine speed or RPM sensor 156 and possibly other sensor(s) 158
such as a turbo air bypass valve position sensor, an intake air pressure sensor, an
intake air temperature sensor, intake or exhaust oxygen concentration sensors, etc.
ECU 150 controls the speed of the engine 30 by controlling the engine’s fuel
injector(s). It also may control other components such as a turbocharger, crank
case ventilation valve (CCV), intake and exhaust valves, and other valves or
devices that alter the timing, quantity, or quality of fuel or air flow to the engine

30 for emissions controls or other purposes.

[0045] Still referring to Fig. 3, the heater controller 152 receives signals from the
sensors discussed above in connection with Fig. 2. These sensors include both of
the HTF temperature sensors 92, 142, the HTF pressure sensor 130, an engine
coolant temperature sensor 170, an air outlet temperature sensor 172 that senses
the temperature of air exiting the plenum 22. The controller 152 can calculate a
position for the louvers, which has an option for a feedback position. Other
sensors 176, such as additional temperature and pressure sensors, also may be
provided. A mode selector is programmed into the heater control 152 to allow the

operator to select between various operating modes as detailed below. The heater

controller 152 relies on signals from these devices and signals received from the

16
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engine controller 150 via the CAN bus link 154 to control operation of the bypass
valve 122, the orifice valve 124, and the louver actuator 180. The heater
controller 152 may control other components 182 as well, such as additional
valves. It also supplies control signals to the engine controller 150 for controlling
engine operation including setting RPM as well as setting louver position and, in
some situations, to shut down the engine 30. It may also receive signals from a
fuel level sensor 188. Controller 152 may be operated to close an intake air
emergency shutoff valve (not shown) under control of one-stop switch or
emergency stop switch 190, a hydraulic tank level switch 192, an engine o1l level
switch 194, an air valve feedback signal 196, or other sensors/switches, and from
the engine controller 150. Many of the signals are transmitted to the CAN bus

link 154 via the expansion models 185 and 187.

[0046] Turning now to Fig. 4, a routine 200 is schematically illustrated for
initiating operation of the flameless heater 10 from a cold start condition. The
routine 200 may be implemented by the heater controller 152 with input to and
from the engine controller 150. The routine 200 proceeds from Start at block 202
to block 204, where the engine 30 is set to run at idle speed and the louver

actuator 180 is controlled to set the louvers 40 to their fully closed position in

order to minimize airflow through the system. That idle speed typically will be
on the order of 1,000 to 1,500 RPM and is 1,200 RPM in the illustrated
embodiment. The bypass valve 122 is open at this time, hence minimizing engine

load.

17
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[0047] The routine 200 then proceeds to inquiry block 206, where it is determined
whether both the HTF temperature as monitored by sensor 142 and the coolant
temperature as measured by sensor 170 exceed designated thresholds, which are
deemed to be the minimum temperatures at which the system runs acceptably well
in all operating modes. These temperatures are 20°F (-7°C) and 110°F (43°C),
respectively, in the present embodiment. If both of these threshold temperatures
are met or exceeded, the routine 200 proceeds to block 208, where control of the
flameless heater 10 in the commanded operating mode is initiated. If these
conditions are not met, the routine 200 proceeds to block 210, where an inquiry 1s
made as to whether a certain period of time has elapsed beyond which it is
unlikely that both monitored temperatures are going to increase significantly
beyond the sensed levels. At that time limit, it is desirable to override the start up
mode to permit system operation under prevailing fluid temperature operating
conditions. That time limit is 20 minutes in the present example. If the answer to
the inquiry of block 210 is NO, indicating that the minimum temperatures still
have not been reached and the maximum elapsed time has not expired, the routine
200 cycles back to the first inquiry block 206. If, on the other hand, the answer

the inquiry of block 210 is YES, the routine 200 proceeds to block 208 to enable

system operation in the selected operating mode.

[0048] In the illustrated example, the flameless heater 10 can be operated in at
least three distinct modes of operation via operation of the mode selector switch

178 of Fig. 3. The first two modes employ effectively the same design logic and

18
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can be considered a “maximum heat” mode and a “low heat” mode, respectively.
Both modes control the engine 30 at a predetermined, constant set point RPM and
maintain an output air temperature at a predetermined, constant set point
temperature that is preset at the factory and that cannot be adjusted by an operator
in the field. In the maximum heat mode, that set point temperature may be, for
example, between 170°F (77°C) and 190°F (88°C), and more typically about
180°F (82°C). In the low heat mode, the set point temperature may be between
90°F (32°C) and 110°F (43°C) and most typically about 100°F (38°C).
Assuming normal operation with only the first orifice 84 open to fluid flow and
hence full engine load, the RPM set point in each mode is designed to maintain
sufficient torque on the engine 30 to avoid soot buildup and the need for parked
regeneration. In all modes of operation, the system consistently may maintain
engine load at or above a desired percentage of the engine’s maximum rated load.
That percentage may be 35% or, more typically, 40% but ideally should not
exceed 85%. “Consistently” in this context means the majority, and more

preferably at least 75%, of the time the flameless heater 10 operates post-warm
up.

[0049] In the maximum heat mode, the RPM set point typically will be between
2,200 and 2,600 RPM and, more typically, approximately 2,400 RPM. In the low

head mode, that RPM set point typically will be between 1,700 and 1,900 RPM

and, most typically, about 1,800 RPM.
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[0050] Turning now to Fig. 5, a block diagram of a routine 300 1s illustrated that
can be implemented by the heater controller 152 to achieve the selected one of the
maximum heat mode and low heat mode. The routine 300 proceeds from Start in
block 302 to block 304 to determine which mode the operator selected. Prevailing
engine speed and outlet air temperature are also read at this time. Upon
determining which of those heat modes has been selected, the routine 300
proceeds to block 306 to close both valves 122 and 124, to fully close the louvers
40, and to increase engine speed to the set point speed. As mentioned above, that
set point speed is most preferably 1,800 RPM in low heat mode and 2,400 RPM in
maximum heat mode. The engine 30 is now operated at relatively high load at the
selected RPM given that all fluid is forced to flow through the first restrictor 84.
The heater 10 provides maximum temperature rise to the air flowing through the
system given that the louvers 40 are in their fully closed position to minimize air

flow through the system.

[0051] The routine 300 then simultaneously performs two subroutines 310 and
312. The first subroutine 310 controls louver position to maintain the
predetermined set point outlet air temperature. The purpose of subroutine 312 1s
to prevent overheating of the engine (via the engine coolant temperature sensor
170, Fig. 3) as well as the HTF with resultant degradation of fluid quality and, in
extreme cases, damage to the flameless heater 10 or its components. The second

subroutine 312 can be considered optional in the low heat mode because the
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chances of HTF overheating in that mode are very remote, at least when the

system 1s operating properly.

[0052] Still referring to Fig. 5, the first subroutine 310 begins by proceeding to
block 314 where an inquiry is been made as to whether the outlet air temperature
as monitored by sensor 172 in Fig. 3 is at or within a tolerance of about 1.0° or
2.0° F (0.5°C to 1°C) of the set point temperature, which in this embodiment 1s
100°F (38°C) in the low heat mode and 180°F (82°C) in the maximum heat mode.
If so, the inquiry of block 314 is simply repeated, and the lover position will not
be altered. Thus, as a practical matter, the louvers 40 will remain fully closed
until the outlet temperature reaches and even slightly exceeds the set point
temperature, whereupon the subroutine 314 will proceed to block 316 to
incrementally adjust (open or close) louver position as is required to maintain the
outlet air temperature as measured by sensor 172 at or near the desired set point
utilizing a PID loop. The subroutine 310 thereafter will loop between blocks 314

and 316 for so long as it is operated in the desired mode.

[0053] By controlling operation to a setpoint outlet air temperature as opposed to a
designated volumetric flow rate or other parameter, hysteresis is minimized and

better control is achieved. By maintaining the engine 30 under relatively high

load under normal operating conditions by suitable selection of engine speed, soot

buildup is prevented and the need for parked regeneration is avoided or at least

greatly curtailed.
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[0054] Referring now to Fig. SA, second subroutine 312 proceeds from Start in
block 313 to an inquiry block 320 that continuously monitors the temperature of
the engine coolant as well as the heated hydraulic fluid as detected by sensor 142
in Figs. 2 and 3. So long as the HTF temperature and the coolant temperature
remain beneath levels deemed safe, both the bypass valve 122 and orifice valve
124 remain closed so that all fluid is pumped through the first flow restrictor 84
for maximum engine load and maximum heat generation. The “safe” hydraulic
fluid temperature is 181°F (83°C) in the case of the particular HTF employed by
the present system, but may vary depending on the selected hydraulic fluid and
other factors. The “safe” engine coolant temperature may be 203°F (95°C). If the
answer to the inquiry of block 320 is NO, the subroutine 312 proceeds to block
322 and closes the orifice valve 124 (or confirms that it 1s closed if the valve 124
is closed at the time of inquiry), and the inquiry of block 320 is repeated. Hence,
the system continues to heat HTF solely by forcing it to flow through the first
restrictor 84.

[0055] If, however, it is determined in block 320 that the measured engine coolant
temperature or HTF temperature exceeds the desired level, the subroutine 312
proceeds to block 324 and opens the orifice valve 124 to permit fluid to flow
through both orifices 84 and 86. This reduces the load on the engine 30 to

approximately half load and also reduces the amount of fluid heating. The

subroutine 312 then proceeds to inquiry block 326, which determines whether the

measured engine coolant temperature or HTF temperature exceeds a still higher
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temperature of safe temperature. That temperature may be, for example, 183°F
(84°C) for the HTF fluid and 220°F (104°C) for the engine coolant. If the answer
to that inquiry is NO, the subroutine 312 confirms a closed condition associated
with bypass valve 329 and returns to the inquiry block 320. If the answer to that
inquiry is YES, the subroutine proceeds to block 328 to determine whether the
measured engine coolant temperature or HTF temperature exceeds a danger level
that could result in system damage. If the answer to that inquiry is NO, the
subroutine 310 proceeds to block 330 and opens the bypass valve 122, causing
both orifices 84 and 86 to be bypassed and substantially completely unloading the
engine 30 and the remainder of the system. The subroutine 312 then returns to
inquiry block 320. If, on the other hand, the answer to the inquiry of block 328 is
YES, the engine 30 is shut down in block 332. Shut down may entail closing an
emergency shut-off valve to terminate air supply to the engine 30, shutting down
the fuel pump 50 or otherwise shutting down the fuel supply, and/or shutting

down communications to the engine controller 150.

[0056] As mentioned above, the flameless heater 10 also may be operated in a
third mode in which the air outlet temperature is controlled to a setpoint that is not
predetermined, but, instead, is settable by the user in the field. That temperature
may, for example, range between 100°F (38°C) and 200°F (93°C). In this mode,
the engine 30 1s controlled at an RPM that is automatically selected based on the
commanded air outlet temperature, and the louvers 40 are adjusted to maintain the

commanded air outlet temperature. A routine 400 for implementing this function
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is illustrated in Fig. 6. As with the other routines, this routine 400 is performed by
the heater controller 152 with input to and from the engine controller 150 and the
various sensors. The routine 400 proceeds from Start in block 402 upon entry of
an outlet temperature command to block 404, where it increases engine speed to
maximum (2,400 RPM in this embodiment) closes both valves 122 and 124 so
that HTF flows only through the orifice 84, and fully closes the louvers 40 for
maximum heating effect. The routine 400 then simultaneously performs two
subroutines 410 and 312. The first subroutine 410 controls louver position and
engine speed to maintain the commanded setpoint outlet air temperature and an
engine RPM that is determined based on that temperature. The second subroutine
312 is the same subroutine for preventing engine coolant temperature or HTF
overheating as detailed above in conjunction with Fig. SA. A description of the

second subroutine 312 need not be repeated here.

[0057] Still referring to Fig. 6, the first subroutine 410 begins with block 414,
where it reads the setpoint air outlet temperature as commanded by the operator.
It also determines a steady state setpoint RPM designed to subject the engine 30 to
sufficient load at the commanded setpoint temperature to avoid wet stacking. The
subroutine 410 then proceeds to block 416, where an inquiry is made as to
whether the outlet air temperature as monitored by sensor 172 is within tolerance
of the setpoint input by the operator, which in this embodiment is between 100°F
(38°C) and 200°F (93°C). If so, the inquiry of block 416 is simply repeated, and

the lover position will not be altered. Thus, as a practical matter, the louvers 40
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will remain fully closed and the engine speed will remain at maximum RPM until
the outlet temperature reaches the setpoint temperature. When the air output
temperature reaches the setpoint temperature, resulting in a YES answer to the
inquiry of block 416, the subroutine 410 will proceed to block 418 to
incrementally adjust (open or close) louver position as is required to maintain the
outlet air temperature as measured by sensor 172 at the commanded setpoint
(within a tolerance of, for example, 1°F (0.5°C.) The subroutine 410 thereatter
will loop between blocks 416 and 418 for so long as it is operated in the selected
mode. Upon achieving the commanded setpoint temperature, the subroutine 410
also will proceed to block 420 and execute a PID control process to set and
maintain the engine RPM at the speed that was determined in block in block 414
with minimal hunting or hysteresis. This same control technique may be used
whenever engine speed is adjusted by the system. The subroutine 410 then

returns to inquiry block 414.

[0058] Other safety controls also could be implemented by some combination of
the controllers 150 and 152. For example, the engine 30 could be shut down in
the presence of low HTF level alarm, a measured coolant temp above an

acceptable value of, for example, 200°F (93°C), a low fuel condition, an excessive

high pump outlet pressure as monitored by sensor 130 above the relief pressure of
the pressure relief valve 120 (that pressure being on the order of 3,100 psi (21,400
kPa) in this example), an inability of the engine to achieve the setpoint RPM, or a

controller fault condition.
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[0059] Still other modes of operation are possible. For instance, a service mode
may be provided that is implemental only by service personnel. During operation
in this mode, engine RPM, load as set by the valves 122 and 124, and louver
position are controlled through a user interface. All outputs can be manually

controlled at the heater controller 152.

[0060] It also should be noted that most if not all of the concepts discussed herein

apply to stationary heaters as well as mobile heaters.

[0061] Although the best mode contemplated by the inventors of carrying out the
present invention is disclosed above, practice of the present invention 1s not
limited thereto. It is appreciated that various additions, modifications and
rearrangements of the aspects and features of the present invention may be made
in addition to those described above without deviating from the spirit and scope of

the underlying inventive concept. The scope of some of these changes is discussed

above.

[0062] In addition, as discussed briefly above, the heat source could be an electric
heat source instead of or in additional to the hydraulic heat source described
above. In this case, the heat source would include a resistive heating element that
could either take the place of the oil radiator 34 serving as the system’s heater or
could heat fluid flowing through a radiator. The scope of other changes to the
described embodiments that fall within the present invention but that are not

specifically discussed above will become apparent from the appended claims and

other attachments.
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CLAIMS
What is claimed is:
1. A flameless heater comprising:
a. a diesel engine;
b. a flameless heat source that 1s powered by the engine;
C. a plenum having an ambient air inlet and a heated air outlet;
d. a heater that receives heat energy from the heat source and

that that heats air flowing through the plenum; and
€. controls that control the engine, the heat source, and airflow
through the plenum so to consistently maintain the engine at a sufficiently
high load so as to avoid the need for parked regeneration to avoid soot
buildup.
2. The flameless heater of claim 1, wherein the heat source 1s a hydraulic heat
source that includes first and second restrictors through which pressurized
hydraulic fluid can be selectively forced to generate heat, and wherein the controls
include a valve assembly that control fluid flow through first and second
restrictors, prioritizing flow though only the first restrictor.
3. The flameless heater of claim 2, wherein the valve assembly 1s switchable
between 1) a first setting in which fluid flows through the first restrictor but not
the second restrictor, 2) a second setting in which hydraulic fluid flows through

both the first and second restrictors.
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4. The tlameless heater of claim 1, wherein the heater includes a plurality of
heating elements located in series within the plenum in the direction of airflow
through the plenum, each successive heating element being hotter than the
proceeding heating element.
5. The flameless heater of claim 4, wherein the heating elements include an
engine radiator and a hydraulic fluid-to-air radiator located downstream of the
engine radiator in the direction of airflow through the plenum.
6. The flameless heater of claim 5, wherein the heating elements further
include an exhaust gas heat exchanger located downstream of the fluid-to-air
radiator in the direction of airflow through the plenum.
7. The flameless heater of claim 1, wherein the controls control at least one of
airflow through the plenum, the engine, the heat source, and the heater to maintain
a setpoint discharge air temperature at a designated value.
8. The flameless heater of claim 7, wherein the controls are operable in at
least one of

a. a first mode in which the setpoint discharge air temperature is

matntained at a first temperature that cannot be altered by an operator in

the tield,

b. a second first mode in which the setpoint discharge air
temperature is maintained at a second temperature that is substantially

lower than the first temperature and that cannot be altered by an operator in

the field, and
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C. a third mode in which the setpoint discharge air temperature

1s maintained at a temperature that is selected by an operator in the field.

9. The tlameless heater of claim 1, wherein the controls maintain the engine

load above at least 35% of a maximum rated engine load.

10. A flameless heater comprising:

a. a diesel engine;

b. a flameless heat source that is powered by the engine;

C. a plenum having an ambient air inlet and a heated air outlet;
and

d. a heater that is coupled to the heat source and that heats air

flowing through the plenum, wherein the flameless heater exhibits a

maximum heat rise in excess of 150°F (65°C).

11. The flameless heater of claim 10, wherein the flameless heater exhibits a

maximum heat rise of about 200°F (93 °C).

12.  The flameless heater of claim 10, wherein the heater comprises heating
elements including an engine coolant radiator and a hydraulic fluid-to-air radiator
located in the plenum downstream from one another in the direction of airflow

through the plenum, the a hydraulic fluid-to-air radiator being supplied with

heated fluid from the heat source.
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13.  The flameless heater of claim 12, wherein the heating elements further
include an exhaust gas heat exchanger located in the plenum downstream of the a

hydraulic fluid-to-air radiator in the direction of airflow through the plenum.

14. A flameless heater comprising:

a. a diesel engine;

b. a flameless heat source that is powered by the engine;

C. a plenum having an ambient air inlet and a heated air outlet;
d. a heater that is coupled to the heat source and that heats air

flowing through the plenum; and
€. controls that control at least one of airflow through the

plenum, the engine, the heat source, and the heater to maintain a setpoint

discharge air temperature at a designated value.

15.  The flameless heater of claim 14, wherein the setpoint discharge air
temperature comprises a first setpoint temperature that cannot be altered by an

operator in the field.

16.  The tflameless heater of claim 14, wherein the heater can operate 1n at least

two output modes, and where the setpoint discharge air temperature includes first

and second setpoint temperatures each of which is predetermined for a respective

output mode but which cannot be altered by the operator in the field.

17.  The flameless heater of claim 14, wherein the setpoint discharge air

temperature 1s selectable by an operator in the field.
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18. A method of controlling a flameless heater that includes a diesel engine, a
flameless heat source that is powered by the engine, a plenum having an ambient
air inlet and a heated air outlet, and a heater that is coupled to the heat source and
that heats air flowing through the plenum, the method comprising:
controlling the engine, the heat source, and airflow through the
plenum so to consistently maintain the engine at a sufficiently high load so

as to avoid the need for parked regeneration to avoid soot buildup.

19. The method as recited in claim 18, wherein the heat source comprises a
hydraulic heat source including first and second restrictors through which
pressurized hydraulic fluid can be selectively forced to generate heat, and wherein
the controlling step includes selectively directing hydraulic fluid flow through 1)
the first restrictor but not the second restrictor, and 2) both the first and second

restrictors.

20. The method of claim 18, further comprising controlling the heat source, the
engine, and airflow through the plenum to maintain a setpoint engine speed and a

setpoint discharge air temperature.

21.  The method of claim 20, wherein the engine speed is between 2200 RPM

and 2600 RPM and the air discharge temperature is between 170°F (77°C) and

190°F (88°C).
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The method of claim 20, wherein the engine speed is between 1700 RPM

and 1900 RPM and the air discharge temperature is between 90°F (32°C) and

110°F (43°C).

23.

The method of claim 18, further comprising operating the flameless heater

in at least one of

24,

a. a first mode in which the setpoint discharge air temperature is
maintained at a first tempreature that cannot be altered by an operator in
the field,

b. a second first mode in which the setpoint discharge air
temperature 1s maintained at a second temperature that is substantially
lower than the first temperature and that cannot be altered by an operator in
the field, and

C. a third mode in which the setpoint discharge air temperature
1s maintained at a temperature that is selected by an operator in the field.

The method of claim 18, wherein the controlling step consistently

maintains the engine load above at least 35% of a maximum rated engine load.

25.

The method of claim 18, wherein, during the controlling step, the flameless

heater exhibits a maximum heat rise in excess of 150°F (65°C).
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