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UNITED STATES PATENT office 
CHARLEs WALCOTT STRATFORD, OF SAN FRANCISCO, CALIEORNIA. 

METHOD OF HEATING FLUIDS AND APPARATUS USED THEREFOR 
Application filed December 10, 1926. serial No. 153,903. 

This invention relates to improvements in 
methods of heating fluids and apparatus used 
therefor as particularly adapted to the heat 
treatment of hydrocarbon oils, either to raise 

is the oil to a distillation temperature or to a 
temperature sufficient to bring about crack 
ing of the hydrocarbons heated. 

In the distilling branch of petroleum re 
fining, it is usual practice to heat petroleum 

10 or its distillates for the purpose of distilla 
tion or cracking in shell stills or pipe stills. 

. These methods entail the use of shell stills, 
either batch or continuous in operation, posi 
tioned over furnace settings, the heat of fuel 

15 combustion being transmitted to the oil by 
radiant heat or heat of convection. Likewise 
in pipes heat is transmitted from the combus 
tion of fuel to the oil circulated through 
tubes or pipes. 

20 Recognizing the difficulties and inefficien 
cies of these methods and equipment I pro 
pose a furnace setting in which are vertically 
positioned cylindrical heating tubes, the com 
bustion gases being circulated around these 

25 heating tubes consecutively while the oil is 
progressively advanced through the tubes in 
an opposed direction to the passage of the 
combustion gases. The oil in the cylindrical 
heating tubes is rotated at a E. velocity in 

30 order that an efficient heat exchange will be 
effected between the combustion gases and the 
liquid oil. ! 

Fig. 1 is a diagrammatic view of an oil heat 
ing system, showing the arrangement of the 

35 heating cylinders and the manner in which 
they are connected into the system. 

Fig. 2 is an enlarged detail of the furnace. 
setting. . . . . . . 

Fig. 3 is a view taken along the line, 8-8 
40 in Fig. 2. 

Fig. 4 is a sectional view of one of the cyl 
inders in which the liquid is spun at high 
velocity. . . . . 8 

Fig. 5 is a view taken along the line 5-5 
45 in Fig. 4, and 

Fig. 6 is a view taken along the line 6-6 
in Fig. 4. . . . . . 

Referring to the drawings, at 1 is desig 
nated a furnace setting consisting of sepa 

50 rate heating chambers, 2, 3, 4 and 5, sepa 

top of the combustion chamber 4 the partially 

rated by baffle walls 6, 7 and 8. The furnace 
is preferably heated by oil orgas burners, not 
shown, the combustion gases, however, being 
introduced tangentially through the flues 9 
into the bottom of the chamber 2, so that they Will proceed in a spiral course upwardly 
through the chamber, this course of the com 
bustion gases being determined by the pitch 
of the initial velocity of injection and com 
bustion expansion, and if needed, spiralbaffles 
may be placed in the walls of the chamber, 
to produce spiral circulation of the gases. 
From the chamber 2 the combustion gases 
pass by a duct through the baffle wall 6, en 
tering the second chamber 3 tangentially. 
Therein they are directed in a spiral course 
downwardly around the heating cylinder po 
sitioned in this chamber. The combustion 
gases pass from the lower part of the cham 
ber 3 and follow a course in the chamber 4, 
similar to that in the chamber 2. From the 
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cooled combustion gases pass downwardly 
over a bank of preheating tubes 9 positioned 
in the chamber 5. The combustion gases are 
finally discharged through a flue 10, shown 
in Fig. 1. . 
The oil to be treated is withdrawn from the 

storage tank 11 and directed by means of a 
pump 12 through a heat exchanging device 
13, where its temperature is raised by heat 
transfer with a hot oil taken from a later 

80 

stage in the system. After preheating the 
oil is passed through the line 14 to a flash or 
vaporizing chamber 15, the preheating of the 
oil being sufficient to drive of the lower boil 
ing point fractions or lighter oils from the 
hydrocarbon products being treated. This 
vaporization or distilling off of the lighter 
fractions may be accompanied by a reduction 
in pressure produced by means of the regulat 
ing valve 16 in the line 14. 
The vaporized material is taken off over 

head through the line 17 and is passed 
through a condenser or rectifying stage, not 
shown, and reduced to a liquid distillate. 

85 

90 

The unvaporized oil is drawn off through 
the line 18, controlled by a valve 19 and is 
picked up by the pump 20 by which it is 
discharged through the line 21 into the pre-100 
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heating coiis 9. In the bank of preheating 
coils its temperature is again raised by being 
brought in heat exchange relation with the 
combustion gases passing through the ch: In 
ber 5. After circulation through 
heating coils 9 the oil is directed through a 
line 22 into the top of the first heating 
23; the circulation through which 
hereinafter described in more detail. 
the tube 23 the oil passes through the line 
24 to the tube 25 thence through the line 26 
to the tube 27 and finally is discharge 
through the line 23 into the vapo 
fiasin chamber 29. A valve 30 is position 
in the line 23 for reducing the pressure 23G 
the heated cil, if desired. 

During the heating of the oil in the tabes 
a better heat exchange is produced, ii. Safi 
cient, pressure is maintained upon the oil to 
prevent, vaporization insofar as i 8sible, 
as it is a well known fact that a, b heai, 
exchange can be effected between (C3a. 
bustion gases and a liquid, than with nate 
ria in vapor form. 

Cin discharge into the vaporizing or is sh 
chamber 29, the lighter fractions 2re dis 
tilled off due to the reduction in pressure, 
and to the contained heat, in the oii, the 
volatile material passing overhead shrough 
the line 31 and the unvaporized material pass 
ing down through the line 32 controlled by 
a valve 33 to the pump 34, where it may be 
returned through the line 35 to the heat, ex 
changer 13, being discharged through line 
36 or diverted from the system through the 
line 37, controlled by a waive 38. Also, a 
portion of the oil may be recirculated through 
the heat exchanger, and a portion diverted 
from the system according to the desires of 
the operator. 

Referring, now, to the particular design 
of the heating tubes, and the method used for 
rotating the liquid column at a high velocity 
in the respective heating tubes. In describ 
ing the details of the tube construction a 
single tube will be explained, but it is under 
stood that the tubes are identical. 

In Figures 4, 5 and 6, at the top of the tube 
shell 23 is connected by bolted fianges a top 
assembly 39. The oil discharged from the 
preheating coil is introduced into the top by 
means of the pipe 22. The oil passes through 
the center of the tube in a column or enclosed 
pipe 40, and is delivered into the rotor of a 
centrifugal pump 41, mounted upon the shaft 
42, which is directly connected with the 
motor 43, positioned on bottom of the tube. 
Each of the cylinders 23, 25 and 27 are 
equipped with a motor of identical construc 
tion. The rotor picks up the oil from the 
vertical column and discharges it at high 
velocity from the extremity of the rotor 
vanes, thus imparting to the column of oil 
in the tube a high rotative speed. 

In the top of the tube are spiral vanes 44 
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which allow the spinning liquid to freely pass 
and again enter the suction pipe 40 through 
the dict 46, and also to be partly discharged 
through the port, 45, the latter having con 
nection with the succeeding heating tube or 
final fiash chainber. A liquid is returned 
through the duct. 46 to combine with the oil 
being introduced. To assure the highest rate 
of heat transfer through the tube and into 
the oil column the hot spinning liquid Wiii. 
be rotated at a speed above that required for 
high turbulence at the point where the liquid 
meets the heated surface. This will nor 
inally be in the order of twenty (20) to 
thirty (30) feet, per second on the heated Sur 
i::ce. As the oil is heated its specific weight 
wiii decrease relative the oil in the center 
of the labe-this rise in temperature, and 
the centrifugai force will bring about radial 
circulation from the center of the tube £o the 
heated surface. 
The inain circuiation of the oil is down 

wardly through the central pump suction 
tube 40, through the pump rotor which in 
parts rotative movement to the discharged oil. 
This discharged oil forms a rapidly rotating 
iiquid column surrounding the pump suction 
tube and having a relatively slow rate of ver 
tical travel. This rate of vertical flow may 
be varied to meet, operating requirements. 
The entire heating tube is at all times coin 
pletely filled with oil. 
The combustible mixture to be burned in 

the combustion chambers is as described in 
jected tangentially into the combustion 
chambers which give a high rotative effect 

B 
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to the total gas volume during combustion, 
promoting rapid mixing and efficient com 
bustion. Also the passage of the gases of 
combustion at high velocity over the outer 
heating surfaces of the tubes improves the 
rate of heat transfer. The high tempera 
ture of the walls of the combustion cham 
bers promote a rapid rate of heat transfer 
through the heating tubes by radiant heat 
transmitted radially from the walls to the 
heating tubes or cylinders. Heat from the 
gases of combustion in the second and third 
combustion chambers is transmitted prin 
cipally by radiation and convection, and 
by convection through the chamber contain 
ing the preheater coil bank. The velocity 
of the gases of combustion through the com 
bustion and heating 
as high as that necessary for the best heat 
transfer. W 

It has been found by experimentation with 

chambers is maintained 
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commercial apparatus, comprising a single 
combustion chamber, tangentially fired sur 
rounding a heating tube, that it is impos 
sible to it. the heating surface or carbo 
nize the oil. It was also found impossible 
to overheat the walls of the combustion 
chamber because of the rapid heat absorp 
tion of the oil in the tube. f 
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The mechanical energy expended in driv 

ing the pump rotor is utilized to impart high 
velocity of oil over the heating surface main 
taining high turbulence and mixing within 
the liquid column. 
entire heating system comprising preheater 
coils and three or more centrally arranged 
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heating tubes under pressure without mate 
rial vaporization, contributes largely to the 
best rate of heat transfer between heating 
surface and oil. . . . 
The advantages in the system lie prima 

rily in the possibility of maintaining com 
bustion under optimum conditions of low 
excess air, best fuel economy with the high 
est attainable flame burst temperatures with 
out danger to the heating surface or com 
bustion chamber walls or oil to be treated. High velocity of gases of combustion through 
the furnace and a high velocity of oil pass 
ing over the heated surface of the tubes 
Er conditions necessary for the highest 

rate of heat transfer per unit area. 
It will be understood that other methods 

may be employed for spinning the liquid in 
the cylinder than the use of a rotor in the 
lower part of the tube. Satisfactory results 

, have been obtained by tangentially intro 
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ducing the liquid simultaneously at the up 
per and lower ends of the cylinder to rotate 
the liquid. Also, the liquid may be rotated 
by means of a paddle immersed over a part 
or full length of the heating tube and driven by an outside motor, as is the centrifugal 
pump or rotor. The construction shown is 
but a single operable method of rotating the 
liquid column to produce the desired heat 
exchange between the circulating liquid and 
the combustion gases passing through the 
combustion chambérs surrounding the liq 
uid spinning cylinders. Furthermore, in 
place of the motors. 43 any driving means 
may be used to rotate the oil. 
As a substitute for the spinning liquid 

column the liquid circulation in the heating 
tubes may be accomplished by effecting a 
continuous vertical flow through and around 
a stationary open ended tube positioned co 
axially within a hollow heating cylinder, 
the inlet and discharge being connected to 
the top or upper part of the cylinder. . . . 

I, claim as my invention: . . . . 1. A cyclic system for heating liquids 
comprising the steps of introducing the liq 
'uid to pass in a straight-line lineal flow to 
an energy source, converting the lineal flow. 
of the liquid at the energy source to spin 
ning, spiral rotation, subsequently recon 
verting the spinning energy to lineal flow 
and recycling a portion of the liquid to the 
energy source and removing a portion of 
the liquid while heating the outer surface of the spinning liquid body. 

65 
2. A cyclic system for heating (liquids 

comprising the steps of introducing the liq 

The operation of the 

uid to pass in a straight-line lineal flow to 
an energy source, converting the lineal flow 
of the liquid at the energy source to spin 
ning spiral rotation, subsequently recon 
verting the spinning energy to lineal flow 
and recycling a major portion of the liquid 
to the energy source and removing a minor 
portion of the liquid while heating the outer 
surface of the spinning liquid body. 

3. A cyclic system for heating liquids.com 
prising the steps of continuously introduc 
ing the liquid to pass in a straight-line lineal 
flow to an energy source, converting the lineal 
flow of the liquid at the energy source to. spinning, spiral rotation, subsequently re 
converting the spinning energy to lineal flow 
and recycling a portion of the liquid to the 
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energy source, and continuously removing a . 
portion of the liquid while heating the outer 
surface of the spinning liquid body. 

4. A cyclic system for heating liquids com 
prising the steps of introducing the liquid to 
pass in a straight-line lineal flow to an en 
ergy source, converting the lineal flow of 
the liquid at the energy source to spinning, 
spiral rotation to travel in an opposite direc 
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tion and for substantially the distance of . 
the lineal flow, subsequently reconverting the 
spinning energy to lineal flow and recycling 
a portion of the liquid to the energy source, 
and removing a portion of the liquid while 95. 
heating the outer surface of the spinning liq uid body. 

5. A cyclic system for heating liquids com 
prising the steps of passing the liquid in a 100 
straight-line lineal flow to a source of energy, 
converting the lineal flow of the liquid at 
the source of energy to spinning spiral rota 
tion, said rotation adapted to advance in an . 
opposed direction and for substantially the 
distance of the lineal flow and in heat ex 105 
change relation therewith, reconverting the 
spinning energy to lineal flow and recycling 
a portion of the liquid to the source of energy, . 
and removing a portion of the liquid while 110 
heating the outside surface of the spinning liquidbody. 

6. A hydraulic machine for heating liquids 
comprising an outer casing, an inner tube of 
relatively smaller diameter and means for in 5 
troducing liquid to the inner tube, a source of 
energy for converting the lineal flow of the 
liquid to spinning rotation in the annular 
space surrounding the inner tube, means for 
reconverting the spinning energy to straight 
line flow and recycling a portion of the liquid 

120 

to the energy source, and separate means for 
removing a portion of the liquid continu ously. 

7. A hydraulic machine for heating liquids 25 
comprising an outer casing, an inner tube of 
relatively smaller diameter, means for intro 
ducing liquid into the inner tube, a source of 
EE at the opposite end of the innertu e from theinlet for converting lineal. 
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flow of the liquid to spinning rotation in , 
annular space surrounding the inner tui 
means adjacent the iniet for reconverting the 
spinning energy to straight line fioW and for 
recycling a portion of the liquid to the energy 
Source, and separate means for removing 
portion of the liquid continuously. 

8. A connected series of cyclic steps for 
heating liquids, each step comprising the in 
troduction of a feed liquid to pass instraight 
line linea flow to an energy source and there 
being converted to spinning spiral rotation, 
reconverting the spinning energy to lineal 
flow while recycling a portion of the liquid to 
the energy source and removing a portion of 
the liquid to be circulated through the subse 
quent steps, and heating the outer surfaces 
of the spinning liquid bodies. 

9. A cyclic system for heating liquids com 
prising the steps of introducing the liquid to 
pass in a straight-line lineal flow to an energy 
source, converting the lineal flow of the liquid 
at the energy source to Spinning Spiral rota 
tion, conserving a portion of the unspeii, en 
ergy of the spinning liquid by recirculation, 
adding the conserved energy to the lineafow 
portion of the cyclic stream, and removing a 
portion of the liquid while heating the outer 
surface of the liquid body. 

10. A cyclic system for heating liquids con 
prising the steps of introducing the liquid to 
pass in a straight-line linea flow to an en 
ergy source, converting the lineal flow of the 
liquid at the energy source to spinning spiral 
rotation, conserving a portion of the unspent 
energy of the spinning liquid by recirculation 
of a major portion thereof and adding the 
conserved energy to the linesi fow portion, 
of the cyclic stream, and renoving a nainor 
portion of the liquid while heating the Outer 
surface of the spinning liquid body. 
CHARLES WALCOTT STRATFORD. 

  


