
US 20080173260A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0173260 A1 

Lange (43) Pub. Date: Jul. 24, 2008 

(54) HEAT TRANSFER FROM A SOURCE TO A Publication Classi?cation 
FLUID TO BE HEATED USINGA HEAT (51) Int Cl 

DRIVEN LOOP F22B 1/02 (2006.01) 

(76) Inventor: Jack Lange, Winnipeg (CA) (52) US. Cl. ..................................................... .. 122/31.1 

Correspondence Address: (57) ABSTRACT 
ADE & COMPANY INC. 
2157 Henderson Highway Oil in a storage tank is heated by providing one or more 
WINNIPEG, MB R2G1P9 elongate conduits Within the storage tank in the form of a loop 

extending from an inlet manifold across the tank and retum 
(21) Appl, No; 11/854,602 ing to an outlet manifold. The inlet manifold is connected to 

an evaporator section at a heat source and the outlet manifold 
(22) Filed: Sep. 13, 2007 acts as a return of the condensate. The conduit forms a loop 

and back How in the loop is prevented by providing a head in 
Related US- Application Data the liquid in the conduit at a position adjacent to or at the 

(63) Continuation-in-part of application No. 10/474 774 eYaporation Section Caused by a Standing Column ofthe liqllid 

as applicatlon No. PCT/CA02/00490 on Apr. 11,2002. solely by application of energy to the System by the heat 

(60) Provisional application No_ 60/283,150, ?led on Apr_ source. Inert gases are collected immediately upstream of the 
12, 2001. 

22 

/ L 24 

12 
16' 

trap and can be purged therefrom. 

M 1’? so“ 
/// 

1. 
21 J20) 



Patent Application Publication Jul. 24, 2008 Sheet 1 0f 13 US 2008/0173260 A1 

) l 
N 
N 



Patent Application Publication Jul. 24, 2008 Sheet 2 0f 13 US 2008/0173260 A1 

19 

17 
23 



Patent Application Publication Jul. 24, 2008 Sheet 3 0f 13 US 2008/0173260 A1 

I ML 



Patent Application Publication Jul. 24, 2008 Sheet 4 0f 13 US 2008/0173260 A1 

m .OE 

URN; . @937. 
@EéEEL Q a glow 



Patent Application Publication Jul. 24, 2008 Sheet 5 0f 13 US 2008/0173260 A1 



Patent Application Publication Jul. 24, 2008 Sheet 6 0f 13 US 2008/0173260 A1 

% 

ill-~14 
\ \M 

‘M / 62(61 
\ \ \13 

F|G.5 
6O 



Patent Application Publication Jul. 24, 2008 Sheet 7 0f 13 US 2008/0173260 A1 



Patent Application Publication Jul. 24, 2008 Sheet 8 0f 13 US 2008/0173260 A1 

He, 7 



Patent Application Publication Jul. 24, 2008 Sheet 9 0f 13 US 2008/0173260 A1 

FIG. 8 



Patent Application Publication Jul. 24, 2008 Sheet 10 0f 13 US 2008/0173260 A1 

1115 

111A 1115 
112A 1 

€§~ss~ “Mb C1 £7116 
112B 

117 A 3 B1 1 0 l1! 
LA’? 

107 xiv/H109‘ 

1% MW F g1 
6 0 1| 

6 1. 



Patent Application Publication Jul. 24, 2008 Sheet 11 0f 13 US 2008/0173260 A1 

HEGHRISE LEVEL 

‘ DPARKADE'LEVEL ‘ 



Patent Application Publication Jul. 24, 2008 Sheet 12 0f 13 US 2008/0173260 A1 



Patent Application Publication Jul. 24, 2008 Sheet 13 0f 13 US 2008/0173260 A1 

‘ TABLE-A 

Worklng Fluid Moltlng Point, K at: 1 atm Boiling Point, K at 1 Mn‘! Useful Range, K 

Helium 1.0 4.21 2-4 
Hydrogen 13.0 20.33 14-31 
Neon ‘ 24.4 27.09 27-37 

Nitrogen 63.1 77.35 70-103 
Argon 83.9 87.29 84-1 16 
0 an 54.7 90.13 73-119 
Methane 90.6 111.4 91-150 
Krypton ' 115.8 119.7 116-160 
Ethane 39.9 134.6 150-240 
Freon 22 1 13.1 232.2 193-297 
Ammonia 195.5 239.9 213-373 
Freon 21 138.1 232.0 233-360 

_ Freon 11 - 162.1 296.3 233.393 

Pentana 143.1 309.2 253-393 
Freon 113 236.5 320.3 263.373 
Acetone 180.0 329.4 273-393 
Methanol 175.1 337. 3 233-403 
Flutes PP2 ' 223.1 349.1 233-433 
Ethanol 1 53.7 351.5 273-403 
Heptane 162.5 371.5 273-423 
Water 273.1 373.1 303-473 
Toluene 173.1 333 .7 323-473 

Fluteo PPQ ‘ 203.1 433.1 273-498 
Naphthalene 353.4 . 490 403-473 
Dowtherm 285.1 ' 527.0 423-068 
Mercury 234.2 630.1 523-923 
Sulphur 335.9 717.3 530-947 
Cesium 301.6 943.0 ' 723-1 173 
Rubidium 312.7 959.2 800-1275 
Potassium ' 333 .4 1032 773-1273 
Sodium 371.0 1151 373-1473 
Lithium 453.7 1315 1273-2073 
Calcium 1112 1752 1400-2100 
Lead 600.6 2013 1670-220 
Indium ‘ 429.7 2353 2000-3000 
Sliver 1234 ' 2435 2073-2573 
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HEAT TRANSFER FROMA SOURCE TO A 
FLUID TO BE HEATED USING A HEAT 

DRIVEN LOOP 

[0001] This application is a Continuation-in-Part applica 
tion of application Ser. No. 10/474,774, ?led Apr. 15, 2004 
Which is a National Phase Entry of PCT/CA02/00490, ?led 
Apr. 11, 2002. 
[0002] This application claims the bene?t under 35 U.S.C. 
1 19 of the priority of Provisional Application Ser. No. 60/283, 
150, ?led Apr. 12, 2001. 
[0003] This invention relates to a heating system transfer 
ring heat from a heat source such as a combustion heating 
system to a ?uid to be heated Which is particularly but not 
exclusively designed for heating oil in storage tanks, oil emul 
sion treatment tanks and oil upgrading and re?ning process 
vessels. 

BACKGROUND OF THE INVENTION 

[0004] Reference is made to US. Pat. No. 5,123,401 ofthe 
present inventor issued Jun. 23, 1992 Which discloses a com 
bustion heating device foruse for example With oil processing 
equipment de?nes a combustion chamber Within Which com 
bustion Wholly takes place. The combustion chamber consists 
solely of a sleeve and end plate de?ning a vertical cylinder 
and a layer of ceramic ?ber insulating material inside the 
sleeve de?ning the inner surface of the combustion chamber. 
A burner is mounted in a bottom plate of the device Which can 
be pivoted to an open position exposing the burner for service. 
Air channels are de?ned on the outside of the sleeve so that 
incoming combustion air passes over the sleeve and acts as a 
heat recovery for any heat escaping from the insulating mate 
rial. An outlet duct at an upper end of the combustion chamber 
at right angles to the combustion chamber extracts the com 
bustion gases so that all heat exchange takes place outside of 
the combustion chamber. The device improves heating e?i 
ciency and reduces corrosion of heat transfer surfaces. In the 
arrangement shoWn, a similar combustion chamber vertical 
con?guration and dimensioning With respect to the ?ame, 
together With the heat recovery method from the outside Walls 
of the combustion chamber, Which provided exceptionally 
high combustion e?iciencies With a naturally aspirated burner 
in the order of 80%+ in that device, are employed. 
[0005] Reference is made to US Published Application 
200710000453 published Jan. 4, 2007 of King Which dis 
closes a heat exchange apparatus using a change of state of a 
liquid Which is transported from an evaporator to a condenser 
so that the liquid form the condenser can return to be re 
heated. In this application, the purported claim to function as 
a “heat driven loop” is not supported in that it is a “loop” only 
in the sense that the conduit containing vapor forms a loop, 
Whereas the ?uid ?oW does not. Both legs of the conduit exit 
the vaporization chamber above liquid level, Which makes it 
incapable of bias of ?oW in one rotational direction. Neither is 
it “driven” because vapor simply travels up toWards the top of 
the joined tubes and condensate runs doWn to the bottom of 
the joined tubes due to the effects of gravity only. It is, in 
effect, tWo parallel thermo-siphons joined together at the top 
and bottom ends and functions in accordance With the knoWn 
principle of such devices. 
[0006] Reference is made to Canadian Patent 1,264,443 
(Spehar) issued Jan. 16, 1990 and US. Pat. No. 5,947,111 
(Neulander et al) issued Sep. 7, 1999 to Hudson Products 
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Corp (Which corresponds to Canadian application 2,262,990) 
Which describe prior art arrangements and the disclosure of 
these prior patents is hereby incorporated by reference to 
shoW the type of installation and use to Which the present 
device can to be put. 
[0007] Reference is also made to the prior US. Pat. No. 
4,393,663 (Grunes) Which shoWs a heat loop arrangement for 
heating various materials, primarily Water, Within a container. 
HoWever this arrangement has not been proposed for and is 
not suitable for the heating of oil and particularly crude oil in 
a storage tank. 
[0008] US. Pat. No. 4,216,903 Giuffre discloses a circuit 
using an evaporation section and a condensation section con 
nected by a conduit With a trap located betWeen the conden 
sation section and the evaporation section for the returning 
liquid feeding to a receiver. The trap is discussed only in terms 
of blocking back ?oW and is never discussed as being an 
active element in providing drive for the ?uid for useful 
purpose. 

SUMMARY OF THE INVENTION 

[0009] It is one object of the present invention to provide an 
improved method of heat transfer from a heat source to a ?uid 
to be heated. 
[0010] According to the present invention there is provided 
method for transferring heat from a combustion heat source to 
a ?uid to be heated comprising: 
[0011] providing a combustion heat source; 
[0012] providing a ?uid to be heated at a position spaced 
from the heat source; 
[0013] providing a closed system including at least one 
conduit; 
[0014] providing an evaporation section of the closed sys 
tem at the heat source; 
[0015] providing a condensation section of the closed sys 
tem in the ?uid to be heated; 
[0016] providing a heat transfer ?uid medium Within the 
closed system having a temperature of boiling from liquid to 
vapor such that heat from the heat source causes the liquid to 
boil to form a vapor in the evaporation section and such that 
release of heat from the condensation section to the ?uid to be 
heated causes the vapor to condense to liquid in the conden 
sation section; 
[0017] the at least one conduit forming a loop extending 
from the evaporation section through the condensation sec 
tion and back to the evaporation section so as to conduct the 
heat transfer ?uid medium from the evaporation section to the 
condensation section and back to the evaporation section; 
[0018] applying heat energy to the heat transfer medium by 
the heat source at the vaporiZer section so that the thermal 
energy causes expansion of volume due to a change of state; 
[0019] ?oW around the loop being biased in one direction 
by the creation of a head. 
[0020] Thus the system provides in its broadest terms, a 
‘heat driven’ loop; With as opposed to induced systems such 
as those gravity-draWn in both directions as in a thermo 
siphon, or, capillary-drawn in one of the tWo directions as in 
a heat pipe, either in a looped tube con?guration or in a single 
tube. FloW is biased in one rotational direction by restriction 
in the other rotational direction using a head but the speci?c 
means of providing this head is secondary to the concept. 
[0021] The head provides a mechanism for prevention back 
?oW Which can be designed and arranged to not only prevent 
back ?oW, but also to utiliZe the adjustability of the head to 
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provide su?icient back pressure and force of ?oW to maintain 
?oW of vapor, carry-over liquid from the vaporiZer and con 
densate, substantially in one direction, and drive this combi 
nation through resistance imposed by restrictions and deploy 
ments, above and beloW the level of the vaporiZer, of the 
condenser. 
[0022] The head also provides a block, for any residue of 
the inert gases that are used for initial purging plus any inert 
gases that are generated over a period of time by chemical 
interaction of the ?uid[s] and the materials from Which the 
device is constructed and the accumulation of Which Will 
progressively impair the effectiveness of the system, against 
Which these gases Will accumulate as sWept along by the ?uid 
?oW While in operation and unable to pass through the head, 
in a location that is accessible from outside the vessel Which 
enables these gases to be detected and purged from the system 
utiliZing the pressure of the system While in operation. Thus 
the head is arranged so that it stops the forWard ?oW of the 
inert gases at the head and there is provided an access opening 
Which can be opened at the position immediately upstream of 
the head so that the gases can be purged, With the system 
under pres sure so that the vapor drives out the inert gases until 
escape of vapor is detected. 
[0023] According to a second aspect of the invention there 
is provided a method for transferring heat from a combustion 
heat source to a ?uid to be heated comprising: 
[0024] providing a combustion heat source; 
[0025] providing a ?uid to be heated at a position spaced 
from the heat source; 
[0026] providing a closed system including at least one 
conduit; 
[0027] providing an evaporation section of the closed sys 
tem at the heat source; 
[0028] providing a condensation section of the closed sys 
tem in the ?uid to be heated; 
[0029] providing a heat transfer ?uid medium Within the 
closed system having a temperature of boiling from liquid to 
vapor such that heat from the heat source causes the liquid to 
boil to form a vapor in the evaporation section and such that 
release of heat from the condensation section to the ?uid to be 
heated causes the vapor to condense to liquid in the conden 
sation section; 
[0030] the at least one conduit forming a loop extending 
from the evaporation section through the condensation sec 
tion and back to the evaporation section so as to conduct the 
heat transfer ?uid medium from the evaporation section to the 
condensation section and back to the evaporation section; 
[003 1] applying heat energy to the heat transfer medium by 
the heat source at the vaporiZer section thermal energy causes 
expansion of volume due to a change of state; 
[0032] and causing boiling of the liquid in the evaporation 
section and ?oW of the vapor from the evaporation section to 
carry non-vapor additives in the liquid in the evaporation 
section into the conduit With the vapor. 
[0033] According to a third aspect of the invention there is 
provided a method for transferring heat from a combustion 
heat source to a ?uid to be heated comprising: 

[0034] providing a combustion heat source; 
[0035] providing a ?uid to be heated at a position spaced 
from the heat source; 
[0036] providing a closed system including at least one 
conduit; 
[0037] providing an evaporation section of the closed sys 
tem at the heat source; 

Jul. 24, 2008 

[0038] providing a condensation section of the closed sys 
tem in the ?uid to be heated; 
[0039] providing a heat transfer ?uid medium Within the 
closed system having a temperature of boiling from liquid to 
vapor such that heat from the heat source causes the liquid to 
boil to form a vapor in the evaporation section and such that 
release of heat from the condensation section to the ?uid to be 
heated causes the vapor to condense to liquid in the conden 
sation section; 
[0040] the at least one conduit forming a loop extending 
from the evaporation section through the condensation sec 
tion and back to the evaporation section so as to conduct the 
heat transfer ?uid medium from the evaporation section to the 
condensation section and back to the evaporation section; 
[0041] applying heat energy to the heat transfer medium by 
the heat source at the vaporiZer section thermal energy causes 
expansion of volume due to a change of state; 
[0042] Wherein the system is at least partly evacuated prior 
to start up such that during steady state operation the pres sure 
in the system is less than 15 psi above atmospheric pressure. 
[0043] According to a fourth aspect of the invention there is 
provided a method for transferring heat from a combustion 
heat source to a ?uid to be heated comprising: 
[0044] providing a combustion heat source; 
[0045] providing a ?uid to be heated at a position spaced 
from the heat source; 
[0046] providing a closed system including at least one 
conduit; 
[0047] providing an evaporation section of the closed sys 
tem at the heat source; 
[0048] providing a condensation section of the closed sys 
tem in the ?uid to be heated; 
[0049] providing a heat transfer ?uid medium Within the 
closed system having a temperature of boiling from liquid to 
vapor such that heat from the heat source causes the liquid to 
boil to form a vapor in the evaporation section and such that 
release of heat from the condensation section to the ?uid to be 
heated causes the vapor to condense to liquid in the conden 
sation section; 
[0050] the at least one conduit forming a loop extending 
from the evaporation section through the condensation sec 
tion and back to the evaporation section so as to conduct the 
heat transfer ?uid medium from the evaporation section to the 
condensation section and back to the evaporation section; 
[0051] applying heat energy to the heat transfer medium by 
the heat source at the vaporiZer section thermal energy causes 
expansion of volume due to a change of state; 
[0052] Wherein the total volume of liquid in the system is 
less than 43.5 litres or 1.5 cu. ft. 

[0053] According to a ?fth aspect of the invention there is 
provided a method for transferring heat from a combustion 
heat source to a ?uid to be heated comprising: 

[0054] providing a combustion heat source; 
[0055] providing a ?uid to be heated at a position spaced 
from the heat source; 
[0056] providing a closed system including at least one 
conduit; 
[0057] providing an evaporation section of the closed sys 
tem at the heat source; 
[0058] providing a condensation section of the closed sys 
tem in the ?uid to be heated; 
[0059] providing a heat transfer ?uid medium Within the 
closed system having a temperature of boiling from liquid to 
vapor such that heat from the heat source causes the liquid to 
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boil to form a vapor in the evaporation section and such that 
release of heat from the condensation section to the ?uid to be 
heated causes the vapor to condense to liquid in the conden 
sation section; 
[0060] the at least one conduit forming a loop extending 
from the evaporation section through the condensation sec 
tion and back to the evaporation section so as to conduct the 
heat transfer ?uid medium from the evaporation section to the 
condensation section and back to the evaporation section; 
[0061] applying heat energy to the heat transfer medium by 
the heat source at the vaporiZer section thermal energy causes 
expansion of volume due to a change of state; 
[0062] Wherein ?oW around the loop is biased in one direc 
tion by a head created in part by a pump; 
[0063] and Wherein there is provided a vieWing port for 
vieWing passage of vapor from the evaporation section; 
[0064] and Wherein the operation of the process is con 
trolled by varying the ?oW rate of the pump While vieWing 
passage of vapor from the evaporation section so as to ensure 
passage substantially Wholly of vapor With a minimal amount 
of liquid. 
[0065] According to a sixth aspect of the invention there is 
provided a method for transferring heat from a combustion 
heat source to a ?uid to be heated comprising: 
[0066] providing a combustion heat source; 
[0067] providing a ?uid to be heated at a position spaced 
from the heat source; 
[0068] providing a closed system including at least one 
conduit; 
[0069] providing an evaporation section of the closed sys 
tem at the heat source; 
[0070] providing a condensation section of the closed sys 
tem in the ?uid to be heated; 
[0071] providing a heat transfer ?uid medium Within the 
closed system having a temperature of boiling from liquid to 
vapor such that heat from the heat source causes the liquid to 
boil to form a vapor in the evaporation section and such that 
release of heat from the condensation section to the ?uid to be 
heated causes the vapor to condense to liquid in the conden 
sation section; 
[0072] the at least one conduit forming a loop extending 
from the evaporation section through the condensation sec 
tion and back to the evaporation section so as to conduct the 
heat transfer ?uid medium from the evaporation section to the 
condensation section and back to the evaporation section; 
[0073] applying heat energy to the heat transfer medium by 
the heat source at the vaporiZer section thermal energy causes 
expansion of volume due to a change of state; 
[0074] Wherein ?oW around the loop is biased in one direc 
tion by a head created in part by a pump; 
[0075] and Wherein the pump is a positive displacement 
pump so that the rate of ?oW is directionally proportional to a 
rotation rate of the pump. 
[0076] The system is primarily designed for use in heating 
crude oil in a tank but can also be used for other heating 
systems including heating air for forced air systems and space 
heating. The system can also be used for heating oil in a duct 
of pipe as it ?oWs past the condensation section of the loop. 
[0077] The system consists of a closed loop, sealed from 
atmosphere and containing a ?uid. The ?uid is vaporiZed in 
the energy absorbing section by the application of heat. The 
temperature and pressure of the system vary in a ?xed rela 
tionship according to the vaporization characteristics of the 
?uid and the amount of heat applied. The vapor is conducted 
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to the energy emitting section Where it condenses giving off 
its latent heat. The condensate ?oWs back through the head to 
the energy absorbing section. Vapor is driven in one rotational 
direction by the liquid differential pressure of the condensate 
gathering head Which self-adjusts to overcome ?oW resis 
tance through the energy emitting section of the loop. 
[0078] The system consists of a single conduit or a multi 
plicity of such conduits connected by input and output mani 
folds to the evaporation section at the heat source outside the 
storage tank or ?uid to be heated. 
[0079] When the head is formed by a trap, the trap is not 
only self adjusting but its range of adjustability can be 
increased or decreased by increasing or decreasing the depth 
of the trap to permit greater liquid level differentials to offset 
greater energy emitting section resistance. 
[0080] The con?guration of the loop is such that the energy 
of the system is su?icient to both overcome the resistance of 
the energy emitting section but also to sustain a vapor ?oW 
velocity suf?cient to carry along With it substantially all the 
condensate produced in the energy emitting section, plus a 
limited quantity of liquid physically carried out of the energy 
absorbing section due to boiling action. This is an important 
feature that should be designed into the con?guration in order 
to assure the conveyance of additives, such as anti-corrosion 
agents and anti-freeZing agents, throughout the loop rather 
than have them con?ned to the energy absorption section due 
to being precipitated due to vaporization or isolated due to 
selective vaporiZation. HoWever, and this is important, the 
system shouldnot carry over liquid from the vaporiZer so as to 
substantially form a conventional bubble pump, such as in a 
percolator, so that the degree of bubble pump action must be 
controlled by the design such that it occurs only to the extent 
necessary to convey the additives and not to the extent that it 
contributes signi?cantly in the conveyance of heat. 
[0081] Conveyance of heat substantially totally occurs due 
to change of state at a ?xed temperature rather then by loss of 
sensible heat from this liquid by a decreasing temperature of 
the liquid through the energy emitting section. In other Words, 
the bubble pump action must not signi?cantly interfere With 
the capability of the system to maintain a constant tempera 
ture across the heating element When utiliZed for heating 
purposes. 
[0082] The only portions of the system Where gravity is the 
principal force determining condensate ?oW, or liquid posi 
tion, is the trap. Any transition from the energy emitting 
section to the energy absorbing section Where condensate 
?oW to the trap may be substantially directed by gravity, and, 
the portion of the energy absorbing section Where liquid is 
held in direct proximity to the heat source by the con?gura 
tion of that portion of the system. 
[0083] Consequently, the heat energy emitting section of 
the loop can be of any lateral or vertical deployment in rela 
tion to the energy absorbing section, and can be of any siZing 
or other physically restricting con?guration and can accom 
modate Whatever other load demands requiring pressure dif 
ferential that might be placed upon the system provided all of 
that is Within the capability of the energy absorption section to 
absorb suf?cient heat energy and, the capability of the head to 
Withstand su?icient back pressure to overcome the resistance 
imposed by these. 
[0084] A speci?c heat emission temperature can be 
selected by an appropriate choice of a ?uid having the desired 
temperature/pressure relationship and a construction capable 
of Withstanding the pressure associated With that tempera 
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ture, and can be maintained While in operation by controlling 
the amount of heat that is absorbed, by controlling fuel ?oW to 
the burner. The controller can be actuated by sensing either 
temperature or pressure of the vapor issuing from the vapor 
izer, Which have a ?xed relationship. 
[0085] In practice, the system is charged With Water and 
additives, purged With an inert gas such as argon, the internal 
pressure reduced to close to a complete vacuum at normal 
ambient temperature, the system sealed, and then operated at 
beloW a maximum 15 psi. This pressure range is readily 
tolerated With conventional construction and is beloW the 
pressure that Would Warrant classi?cation as a pressure ves 
sel. In some applications, the system Would then remain per 
manently sealed and initial setting of internal pressure in 
relation to temperature and the initial charge of ?uid Would 
remain for the service life of the device. In other applications, 
the system in its operational mode Would be sealed but pro 
vision Would be made for the periodic servicing such as; 
removal of buildup of inert gases due to chemical interactions 
betWeen ?uid[s] and conduit material, replacement of the 
?uid due to chemical degeneration, and re-establishment of 
vacuum at normal ambient due to leakage. 

[0086] HoWever the system can also be operated at higher 
temperatures and pressures and may use liquids different 
from Water Which may have a higher boiling point although 
Water is Well knoWn to provide a very high latent heat of 
vaporization. The available selection of heat transfer ?uids is 
limited only by practicality, and Would include for example 
those shoWn in the attached Table, the principle consider 
ations and limitations being the vaporization temperature/ 
pressure relationship characteristics of the ?uids and the 
chemical interactivity betWeen the heat transfer ?uid and the 
material utilized to construct the loop. A single or multiplicity 
of heat transfer liquids can be employed in a given system. In 
one arrangement, all of the transfer liquids may circulate 
throughout the system in admixture by vaporization and con 
densing. Alternatively, one or more of the liquids may act as 
a ‘boiling bed’ for others depending on the temperature and 
pressure range of the system from shutdoWn to full operation 
and the vaporization characteristics of the liquids. This is 
signi?cant because additives may be required for such pur 
poses as inhibiting chemical interaction and preventing freez 
ing. 
[0087] Because heat transfer is substantially Wholly 
accomplished by change of state, the temperature of the 
energy emitting section is constant throughout its length and 
is selectable amongst ?uids having appropriate temperature/ 
pressure characteristics and chemical characteristics. Both of 
these characteristics are highly desirable for processes that 
are enhanced by selectability and controllability of tempera 
ture, such as the different processes involved in petroleum 
processing, Which Would include: 
[0088] [a] Water and particulate matter separation from raW 
petroleum product Which is facilitated by holding the raW 
product at as uniform and high a temperature as can be sus 
tained beloW the boiling point of Water in order to minimize 
viscosity Which promotes separation and to avoid boiling 
creating foam Which seriously disrupts the process due to 
interference With heat transfer and other effects. It is an 
important aspect of this system that not only does the uniform 
temperature of the heating elements contribute to maintaining 
a higher average temperature of the raW product just beloW 
the boiling point of Water but, at no point on the element is the 
raW product exposed to localized temperatures above the 
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boiling point of Water causing localized vaporization of Water 
and occasioning precipitation and accumulation of particu 
late matter on the surface of the heating elements Which 
reduces their effectiveness for heat transfer and reduces their 
service life. This Would be in contrast to direct ?red immer 
sion tube heaters Which feature a large temperature differen 
tial over their length and 

[0089] [b] Upgrading and re?ning of petroleum product, 
Which are essentially a matter of exposure of crude product to 
a variety of temperatures Which are selectable, controllable, 
and, as constant as can be achieved over the heat transfer 

surface for the purpose of producing by distillation various 
petroleum products Which have characteristic vaporization 
temperatures. The effectiveness of the process, in terms of the 
purity of product, is enhanced by maintaining the crude prod 
uct Within as narroW a temperature band as possible. 

[0090] Another important feature of this technology in that 
it is highly adaptable to optimizing, or maximizing, heat 
transfer capacity in relation to the internal volume of the 
system. This is of signi?cance in relation to the regulatory 
requirements for pressure vessels. Pressure vessels are 
de?ned as containers in Which pressure is generated as a 
consequence of applying heat a classic example being con 
ventional steam boilers. There are tWo further stipulations to 
the de?nition; that the pressure generated be in excess of 15 
psi, and that the volume of the vessel be in excess of 65 liters. 
Anything of less volume, regardless of pressure, is designated 
as a ‘?xture’ and is not subject to the requirements for oper 
ating a pressure vessel. These requirements are onerous in 
that they include constant attendance by a certi?ed person and 
regular inspection. Such requirements may vary in speci?cs 
from jurisdiction to jurisdiction but Will substantially involve 
maximum pressures and volumes. 

[0091] Because the system described herein is capable of 
operating at a great variety of temperatures and pressures 
compared to conventional heat transfer systems involving 
steam or hot Water due to the variety of ?uids that can be 
employed having different temperature/ pres sure characteris 
tics, much higher heating element temperatures can be gen 
erated than is common for steam or hot Water systems and it 
is also possible to do so at loWer pressures than Would be 
produced With Water. 
[0092] For example, propylene glycol could be utilized 
Which has a vaporization temperature of 605 Degrees F. at 16 
psi gauge pressure compared to a vaporization temperature 
for Water of 250 Degrees F. at 15 psi gauge pressure. Thus 
higher temperatures, and greater heat exchange, can be 
achieved With propylene glycol than With Water at pressures 
beloW the limit speci?ed for de?nition as pressure vessel. 
Alternatively, at 40 psi gauge pressure, Water vaporization 
temperature increases to 287 Degrees F. While propylene 
glycol vaporization temperatures rise to 1048 Degrees F. 
Thus much higher temperatures and much greater heat 
exchange can be achieved With vessel volumes beloW the 
limit speci?ed for classi?cation as a pres sure vessel and there 
fore classi?ed as a ?xture regardless of pressure. 

[0093] Hence this system provides tWo means of enhancing 
capacity Without encroaching upon the de?nition of a pres 
sure vessel, by the utilization of the higher temperatures asso 
ciated With higher pressures While maintaining volumes 
beloW the maximum for a ?xture, and the utilization of ?uids 
that have a temperature/pressure characteristic such that 
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higher temperatures can be maintained at pres sures below the 
maximum for pressures for pressure vessels and therefore 
unlimited in volume. 

[0094] This aspect of this technology has particular signi? 
cance With respect to space and air replacement heating appli 
cations. In such systems, self-contained, compact heater 
modules incorporating higher temperature heat exchangers 
are an alternate to systems consisting of conventional unit 
heaters, make-up air heaters, etc., incorporating larger, loWer 
temperature heat exchangers, and connected to a steam boiler 
via a steam and condensate circulating system. 

[0095] It is also signi?cant in relation to the amount of 
material employed in relation to capacity Which, in turn, 
relates to cost of manufacture. 

[0096] The energy absorption section of the loop may be 
open to the combustion action or may be encapsulated Within 
an enclosed housing Which is ?lled With a liquid intermediate 
heating medium. The use of an encapsulation and heating 
medium alloWs the heating system to sustain an even, maxi 
mum tolerable temperature over the heat absorption surface 
thus minimizing the amount of surface required and contrib 
uting to the minimization of the volume of the system pursu 
ant. In practice, the intermediate heating medium is prefer 
ably What is referred to as a thermal oil, capable of 
maintaining stability at temperatures close to the crystalliza 
tion temperature of mild steel. The Whole heat absorption 
surface is then covered With that temperature. To the contrary, 
When directly heated With combustion products, Which nor 
mally Would be of uneven temperature, only the peak tem 
perature could be at that level otherWise the surface Would be 
damaged and the average Would be considerably less. Encap 
sulation also enables more than one heater module to be 
supplied With heat from one central fuel combustion device 
by transferring the intermediate heating medium from that 
device to any number of heater modules. 

[0097] When used for heating a process liquid Within a 
storage tank, the heating system preferably includes an 
arrangement in Which one or more heating loops are heated 
externally of the tank and extend into the tank so that heat is 
transferred from the evaporation area at the heat source to the 
condensation area Within the tank. The evaporation area is 
located Within a vessel, Which may contain high temperature 
heating oil in an encapsulating vessel Where the vessel is 
heated by a burner so that the oil transfers heat to the conden 
sation area of the single heat loop or of each loop if there is 
more than one. 

[0098] Also, a multiplicity of condensing sections can be 
heated from one vaporizer such that more than one tank or 
more than one space or make-up air heater can be supplied 
With vapor from one vaporization source. The transition sys 
tem from the vaporization section to the condensation section 
[s] may be With rigid or ?exible conduit and may be such that 
the vaporizer can be located at ground or ?oor level With 
conduit conveying vapor to condenser[s] located at a higher 
level Within the capability of the system to maintain ?uid ?oW 
substantially in one direction. 

[0099] The burner is controlled by thermostats Which may 
be located Within the tank so that the temperature of the oil 
Within the tank is maintained Within required limits. Alterna 
tively, the temperature or pressure, as these are directly 
related, Within the heat loop may be detected for maintaining 
the required amount of heat input to keep the temperature and 
pressure at the operating value. 
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[0100] An over temperature shut off is provided for safety. 
This may be provided Within the loop itself preferably as a 
pressure sensor. Preferably the shut off is of the resetting type 
so that combustion is re-started after a predetermined cool 
doWn period since this overcomes problems should the over 
pressure situation causing the shut doWn to occur be tempo 
rary. This is particularly possible Where very viscous materi 
als around the heat emission part of the heat loop temporarily 
reduce or prevent convection currents in the process liquid in 
the tank causing the emission part to overheat since the vis 
cous materials act as an insulator. Alternatively the over tem 

perature shut off may be located Within an encapsulating 
heating oil so that if the heating oil exceeds a predetermined 
temperature the burner is shut off. Thus there is no detection 
of temperature at the surface of the condensation area of the 
heat loop Within the tank. 
[0101] It is an important feature of this system that it is 
capable of cycling, fairly rapidly if need be, in response to an 
on/ off condensation section temperature or pressure control, 
or, be capable of operating at reduced ?ring rates in response 
to a modulating condenser temperature or pressure control, 
during the start-up phase due to delays in establishing full 
heat exchange capacity from the condenser s at full ?ring 
capacity because of thermal and ?oW characteristics of the 
process ?uid being heated. Establishing generalized convec 
tion circulation in vessels ?lled With raW petroleum products 
can be problematical during the heating startup phase due to 
high viscosities, the effect of loW temperature exposure on 
viscosities variations in Water content particularly as that is 
trapped next to heating elements, and, tendency of product to 
establish and accelerate ?oW along channels of least resis 
tance rather than establish overall convection currents. 

[0102] Reliable, stable operation during this initial startup 
period When demand for product temperature is at its maxi 
mum but tolerance of heat absorption is at its minimum is a 
major advantage of the arrangement described herein over the 
Grunes et al technology Which requires stable operation 
above a minimum level of heat input over a minimum period 
of time to establish and maintain a liquid block at the ‘resis 
tor’ in order to operate With the ?oW of vapor and liquid in one 
direction. 

[0103] The heat loop is not a heat pipe ofany form and does 
not use surface tension to pump the liquid back to the heated 
area. Instead the heat loop is a generally conduit With tWo 
generally upWardly extending legs and tWo generally trans 
verse arms forming a loop. A trap is formed at the evaporation 
area at the bottom of one leg so that vapor is prevented from 
?oWing up the leg at the evaporation area and thus the vapor 
is driven upWardly along the leg at the evaporation area and 
transversely along the top arm from the heat source outside 
the tank transversely into the body of the tank. 
[0104] In one arrangement there is provided a coil to coil 
con?guration because this is very cheap and effective. In this 
arrangement the head is developed solely by a height of liquid 
in the trap. In this arrangement the head in the trap is the 
height of the condensate in the conduit ?oWing doWnWard 
and parallel to the vertical heat-in coil relative to the height of 
the vaporizing liquid in the heat-in coil, and this Will drive the 
?oW, including the condensate accumulation, through the 
horizontal heat-out coil. HoWever the head developed by the 
leg of liquid can be supplemented by a pump. The condensate 
is thermally driven via expansion of the liquid into vapor, at a 
1700 to 1 ratio of change of volume, so that condensate Will 
alWays reservoir in the loWest part of the loop. Even suction 
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pumps must have a steady supply of liquid to draw on to Work 
in a recommended fashion. They Will draW gases on start-up 
if need be, but thereafter are intended to run With a continuous 
supply of liquid. This reservoir, therefore, provides an ele 
ment of standing head. 

[0105] In the arrangement of the present invention, the 
drive to the material in the loop comes from the rapid expan 
sion, due to the addition of heat, of liquid into a vapor by a 
volume expansion, With Water, in the order of 1700 to 1. 
However, if totally unrestricted, that expansion Will be in both 
rotational directions so that, by providing a restriction to ?oW 
in the undesired rotational direction by the head, ?oW is 
established in the desired rotational direction 

[0106] Thus the system provides in its broadest terms, a 
‘heat driven’ loop; With as opposed to induced systems such 
as those gravity-draWn in both directions as in a thermo 
siphon, or, capillary-draWn in one of the tWo directions as in 
a heat pipe, either in a looped tube con?guration or in a single 
tube. FloW is biased in one rotational direction by restriction 
in the other rotational direction but the speci?c means of 
providing this bias is secondary to the concept. 
[0107] Thus the drive is created by the thrust of the 1700 to 
1 expansion of the ?uid, to the effect that this is the dominant 
feature. Loops as disclosed herein Will incorporate at least 
some element of standing head, but such head could be quite 
minimal because of restriction of available height for a stand 
ing column such as Where the condenser is deployed in a ?at 
plain, such as in ground thaWing applications Where hoses are 
spread over ground surface. While the formation of a reser 
voir must occur because the condensate Will pool in the loWer 
part of the system, the nature of the con?guration of that 
particular system does not provide much of What We Would 
consider a reservoir or a standing column of Water. Nonethe 
less, the liquid gets back to the inlet of the pump because it is 
driven by the 1700 to 1 expansion of ?uid that is occurring 
behind it. in other Words, While some element of standing 
head is alWays present, it may be dimensionally inhibited as 
above, in any event, thermal drive, not the speci?c nature of 
the con?guration or the backstopping, is the dominant factor 
in keeping the loop going round, Which, in the case of pumps, 
is by such force delivering the liquid back either to a trapping 
con?guration Which becomes a standing column at the inlet 
of the pump, or directly to the inlet of the pump With that 
force, in Which manner such force of ?oW constitutes an 
‘effective standing head’. 
[0108] The arrangement described herein can be used in 
many possible areas of use tWo examples of Which are por 
table and temporary heating applications including space 
heating and ground thaWing and Which is very compact, inex 
pensive and trouble-free for that purpose, and, petroleum 
industry applications particularly including both tank heat 
ing, the heating of liquids in a storage vessel, and line heating, 
the heating of gaseous and liquid ?uids ?oWing through con 
duits. This particular con?guration With or Without pump is 
simply the most inexpensive and effective Way to do these 
things. 
[0109] Applications for this technology include, but are not 
limited to; 

[0110] 
heating; 
[0111] temporary and portable use for space heating, space 
heat treatment, and ground thaWing; 
[0112] 

permanent installation for space and air replacement 

vessel and pipeline heating; 
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[0113] can be employed With alternate heat sources, such as 
Waste heat reclaim & recovery of geothermal heat; 
[0114] The concept can be directed to any heating devices 
embodying; 
[0115] the driving of a heat transferring ?uid around a loop 
employing thermal energy; 
[0116] via expansion of volume due to change of state 
[01 17] biased in one direction by the creation of a head With 
or Without the assistance of a pump; 
[0118] and Which can be operated at all pressures from total 
vacuum through unlimited high pressure. 
[0119] It is inherent to the principle, that practical designs 
based on the concepts described herein can either demand or 
permit: 
[0120] minimal system volume in relation to capacity; 
[0121] minimal material for heat exchange; 
[0122] simplest of fabrication; 
[0123] and theisimplest of componentry. 
[0124] Therefore, units based on this principle: 
[0125] achieve minimal unit cost in relation to capacity, 
compared to competitive principles; 
[0126] are very compact, and; 
[0127] are very dependable. 
[0128] With regard to application regulation requirements 
and certi?able performance, the system: 
[0129] can be operated at all capacities in the pressure 
range from total vacuum to Zero gauge; therefore is self 
evidently completely benign With regard to pressure haZards; 
[013 0] the ?uid employed can be Water and food refrigerant 
so that it therefore is completely benign With regard to envi 
ronmental concerns; 
[0131] can also be operated at signi?cant capacities in the 
higher positive pressures range With commensurately higher 
?uid temperatures and compactness, With a minimal volume 
containment such that, by regulation, the system is consid 
ered safe for unattended operation. 
[0132] Also, the system: 
[0133] readily achieves high ef?ciency [80%+] and very 
high ef?ciency [90%+] fuel combustion, 
is not subject to off-cycle losses, 
[0134] and separately vents combustion products to atmo 
sphere and not into the space air; 
[0135] it is ?exible in application; vaporiZer and heater 
sections can be in a single unit or Widely separated as separate 
units horiZontally and/ or vertically; 
[0136] can be operated indoors and in all outdoor ambient 
temperatures; 
[0137] separately vents and does not place combustion 
products in the space air; 
[0138] it is ?exible in application; vaporiZer and heater 
sections can be in a single unit or Widely separated horiZon 
tally and/or vertically; 
[0139] can be operated exposed to all ambient tempera 
tures. 

[0140] There is a great deal of consciousness, and sensitiv 
ity, regarding haZard in utiliZing steam, both on the part of the 
general populace and regulatory authorities. 
[0141] 1. When operated as a “no-pressure” system, i.e., at 
neutral gauge pressure [0 psig] or less [in a vacuum], the 
system has no potentially explosive potential. On rupture, the 
?uid contained Will simply go noWhere, or collapse in vol 
ume. 

[0142] 2. It is also a “no contaminant” system in that the 
?uid it contains is environmentally benign, a mixture of 




























