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METHOD OF VAPORIZING AND COMBINING A 
LIQUEFIED CRYOGENIC FLUID STREAM WITH A 

GAS STREAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to methods of 

vaporizing and combining a stream of lique?ed cryo 
genic ?uid with a gas stream, and more particularly, but 
not by way of limitation, to a method and system for va 
porizing and combining a stream of lique?ed cryogenic 
?uid with a gas stream wherein the lique?ed cryogenic 
?uid is injected directly into the gas stream. 

2. Description of the Prior Art 
Cryogenic ?uids are those ?uids which can exist in a 

liquid state only at very low temperatures. In many ap 
plications such ?uids are stored in the liquid state, and 
when needed, the ?uids are vaporized and combined 
with other gas streams. For example, cryogenic ?uids 
such as lique?ed petroleum gas (LPG) and lique?ed 
natural gas (LNG) are commonly used in the supply 
and distribution of natural gas for carrying out a pro 
cess commonly known as “Peak Shaving.” Peak shav 
ing processes are used in areas where natural gas is not 
locally produced and must be transported by pipeline 
from remote producing ?elds. Such pipelines are gen 
erally designed for a gas capacity equal to the normal 
consumption in the area of use. Consequently, during 
periods of peak gas consumption, such as a prolonged 
cold spell, the demand for natural gas exceeds the ca 
pacity of the pipeline. When this condition exists, the 
stored LNG or LPG is vaporized, superheated to pre 
vent subsequent condensation, and injected into the 
pipeline in order to meet the demand. 
A common peak shaving process presently being 

used by natural gas producing and distribution compa 
nies utilizes LNG. The natural gas pipeline system for 
continuously transporting a supply of natural gas from 
remote producing ?elds to the area of use is sized for 
a gas capacity between the minimum demand during 
the summer months and the peak demand during the 
winter months. A refrigeration system is installed at the 
area of use, and during the summer months the excess 
natural gas transported by the pipeline is refrigerated 
so that it is lique?ed, and stored. During the winter 
months the stored liquie?ed natural gas is revaporized, 
superheated and injected into the pipeline so that the 
peak natural gas demand is met. 

I-Ieretofore, varioustypes of heating'apparatus have 
been used to preheat, vaporize and superheat LPG or 
LNG prior to combining it with the gas transported 
through the pipeline system. For example, ?uid heaters 
of the direct ?red type which utilize natural gas as fuel 
have been used successfully. In addition, heating appa 
ratus of the indirect type which utilize an intermediate 
heating ?uid, such as isopentane or water, have been 
used successfully. In the indirect type of apparatus the 
heating ?uid is heated by a natural gas ?red heater and 
circulated through heat exchangers wherein heat is 
transferred to the LPG or LNG causing it to be vapor 
ized and superheated. 

In the peak shaving processes used heretofore the liq 
ue?ed cryogenic ?uid is vaporized and superheated 
prior to combining it with the gas stream. As a result, 
special materials of construction are required in the 
heating apparatus which are compatible with the low 
temperatures encountered. For example, LNG exists in 
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2 
the liquid state at a temperature of approximately 
~260° F, and as a result, expensive materials such as 
stainless steel or aluminum must be used in the parts of 
the heating apparatus exposed to LNG in order to pre 
vent thermal stress failures. Furthermore, many prob 
lems are associated with the design and operation of 
heating apparatus used to vaporize and superheat liq 
ue?ed cryogenic ?uids. Speci?cally, problems relating 
to static and dynamic ?ow instability, two-phase ?ow 
and vapor binding are commonly encountered and dif 
ficult to overcome. 
By the present invention methods of vaporizing and 

combining a lique?ed cryogenic ?uid stream with a gas 
stream are provided wherein expensive and elaborate 
cryogenic ?uid heating apparatus is not required and 
the problems relating to the ‘use of prior heating appa 
ratus for vaporizing and superheating lique?ed cryo 
genic ?uid are not encountered. 

SUMMARY OF THE INVENTION 

The present invention relates to methods of vaporiz 
ing and combining a lique?ed cryogenic ?uid stream 
with a gas stream comprising the steps of heating the 
gas stream, injecting the lique?ed cryogenic ?uid 
stream directly into the heated gas stream and'inti 
mately contacting the lique?ed cryogenic ?uid stream 
with the heated gas stream so that the cryogenic ?uid 
is vaporized and combined with the gas stream. 

It is, therefore, a general object of the present inven 
tion to provide methods of vaporizing and combining 
a lique?ed cryogenic ?uid stream with a gas stream. 
A further object of the present invention is the provi 

sion of methods of vaporizing and combining a lique 
?ed cryogenic ?uid stream with a gas stream for trans 
port to a point of use wherein expensive and elaborate 
heating apparatus for vaporizing and superheating the ~ 
cryogenic ?uid is not required. 
Yet a further object of the present invention is the 

provision of methods of vaporizing and combining a 
lique?ed cryogenic ?uid stream with a gas stream 
whereby heretofore encountered operating and design 
problems associated with ?ow instability, two-phase 
?ow and vapor binding are eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view of a system for carry 
ing out the method of the present invention, 
‘FIG. 2 is a diagrammatic view of an alternate system 

for carrying out the method of the present invention, 
FIG. 3 is a top view, partially in section of a contactor 

apparatus which may be employed in accordance with 
the present invention, and 
FIG. 4 is a view in cross section of the apparatus of 

FIG. 3 taken along line 4-4 thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring particularly to FIG. I, a system for carrying 
out the method of the present invention, generally des 
ignated by the numeral 10, is illustrated in diagram 
matic form. The system It) basically comprises an inlet 
conduit 12 for reciving a gas stream. The conduit 12 is 
connected to the heating coil 14 of aconventional gas 
stream heater 16. The gas stream heater 16 may be any 
suitable conventional gas ?red heating apparatus. 
Heaters of the type described and claimed in U. S. Pat. 
No. 2,993,479 have been found to be particularly suit 
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able. While passing through the heating coil 14 of the 
heater 16, the gas stream is heated a predetermined 
amount. From the heater 16 the heated gas stream is 
led by a conduit 18 to a contactor apparatus 20. 
A conduit 24 is connected to a conventional storage 

tank 22 containing a reservoir of lique?ed cryogenic 
?uid. A stream of liquefied cryogenic ?uid is con 
ducted by the conduit 24 from the storage tank 22 to 
a conventional pump 26. The discharge of the'pump 26 
is connected .to a conduit 28 which leads the stream of 
lique?ed cryogenic ?uid to an inlet connection pro 
vided in the contactor apparatus 20. As will be de 
scribed further hereinbelow, the contactor apparatus 
20 is of a design such that the stream of lique?ed cryo 
genic ?uid entering the apparatus through conduit 28 
is mixed with and intimately contacted by the heated 
gas stream entering the apparatus through conduit 18. 
As a result of the intimate contact brought about by the 
contactor apparatus 20, heat is transferred to the lique 
fied cryogenic ?uid causing it to be varporized and 
combined with the gas stream. The combined cryo 
genic ?uid and gas stream leaves the contactor appara 
tus 20 through a conduit 30 from where it is conducted 
to a point of distribution or use. 
A source of fuel is conducted to the heater 16 by a 

conduit 32. A conventional fuel control valve 34 is dis 
posed in the conduit 32, and a conventional tempera 
ture controller 36 is operably connected to the control 
valve 34. The temperature controller 36 senses deter 
mines andis responsive to the temperature of the com 
bined cryogenic ?uid and gas stream passing through 
the conduit 30 and regulates the fuel control valve 34 
accordingly. 
Referring now to FIG. 2, an alternate system for car 

rying out the method of the present invention is illus 
trated, generally designated by the numeral 40. The 
system 40 basically comprises an inlet conduit 42 for 
receiving a gas stream. The inlet conduit 42 is con 
nected to a three-way ?ow control valve 44. One of the 
outlet ports of the three-way valve 44 is connected to 
a conduit 46 and the other outlet port is connected to 
a conduit 43. A conventional ?ow control device 45 
operably connected to the control valve 44 is disposed 
in‘ the conduit 46. The ?ow control device 45 senses . 
and is responsive to the ?ow. rate of gas passing through 
conduit 46 and regulates control valve 44 accordingly. 
The conduit 46 leads a portion of the gas stream from 
the three-way valve 44 to the heating coil 48 of a con 
ventional heater 50. The portion of the gas stream pass 
ing through the heating coil 48 is heated a predeter 
mined amount, and leaves the heater 50 by way of a 
conduit 52 connected to a contactor apparatus 54. A 
conduit 58 conducts a stream of lique?ed cryogenic 
?uid from a conventional storage tank 56 to a conven 
tional pump 60. The discharge of the pump 60 is con 
nected to a conduit 62 which leads the stream of lique 
?ed cryogenic ?uid to an inlet connection in the con 
tactor apparatus 54. The contactor apparatus 54 brings 
about intimate contact between the lique?ed cryogenic 
?uid entering the contactor apparatus by way of con 
duit 62 and the heated portion of the gas stream enter 
ing the contactor apparatus through conduit 52. Heat 
from the heated portion of the gas stream entering the 
contactor apparatus 54 is transferred to the stream of 
lique?ed cryogenic ?uid causing it to be vaporized and 
mix with the gas stream. The combined cryogenic ?uid 
and gas stream is led from the contactor apparatus 54 
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by a conduit 64 which is connected to the conduit 43. 
The combined stream of cryogenic ?uid and gas from 
conduit 64 is combined with the portion of the gas 
stream passing through conduit 48, and the total com 
bined stream passes into a conduit 56 from where it is 
conducted to a point of use or distribution. 
Referring now to FIGS. 3 and 4, a preferred contac 

tor apparatus for use in the systems illustrated in FIGS. 
1 and 2 is shown, generally designated by the numeral 
70. It will be understood that the contactor apparatus 
70 is illustrative of the contactor apparatus 20 (FIG. 1) 
and contactor apparatus 54 (FIG. 2), described above. 
The contactor apparatus 70 basically comprises a 
closed cylindrical container 72 having a tangential gas 
stream inlet connection 74 at the forward end 76 
thereof and a tangential outlet connection 78 at the 
rearward end 80 thereof. The inlet connection 74 and 
outlet connection 78 are'positioned generally perpen 
dicularly to the axis ofv the container 72. A lique?ed 
cryogenic ?uid connection 82 is attached to the for 
ward end 76 of the container 72, and a length of pipe 
84 having a plurality of perforations or openings 85 
therein is disposed within the container 72 on a line co 
inciding with the axis of the container 72. One end of 
the perforated pipe 84 is attached to the connection 82 
and the other end is closed by a cap or the like. 

OPERATION 

In operation of the system illustrated in FIG. 1, a gas 
stream, such as a natural gas stream transported by a 
pipeline, is conducted to the heating coil 14 of the 
heater 16 by the inlet conduit 12. As the gas stream 
passes through the heating coil 14, a predetermined 
quantity of heat is transferred thereto. The particular 
quantity of heat required will depend on various fac 
tors, but generally a quantity of heat equal to that re 
quired to vaporize the stream of lique?ed cryogenic 
?uid and superheat it to the desired combined stream 
outlet temperature is transferred to the gas stream. The 
heated gas stream then passes through conduit 18 into 
the ‘contactor apparatus 20 where it intimately contacts 
the stream of lique?ed cryogenic ?uid entering contac 
tor apparatus 20 through conduit 28. While within the 
contactor apparatus 20, heat is transferred from the gas 
stream to the liquid cryogenic ?uid causing the cryo 
genic ?uid to be vaporized and mixed with the gas 
stream. Temperature controller 36 senses the tempera 
ture of the combined cryogenic ?uid and gas stream 
passing through the conduit 30 and functions to regu 
late fuel control valve 34. That is, if the temperature of 
the stream passing through conduit 30 is below aprese 
lected desired temperature, fuel control valve 34 is 
opened thereby causing more fuel to enter the burner 
of the heater 16 which in turn causes more heat to be 
transferred into the gas stream passing through the 
heating coil 14 thereof. Conversely, if the temperature 
of the- stream passing through the conduit 30 is higher 
than the preselected temperature, fuel control valve 34 
is closed thereby reducing the heat transferred to the 
gas stream. Thus, the rate of ?ow of the liquefied cryo 
genic ?uid being vaporized and combined with the gas 
stream may be increased or decreased as desired and 
the temperature controller 36 automatically causes the 
amount of heat being transferred to the gas stream to 
be increased or decreased proportionally. 
The system illustrated in FIG. 1 is used where the rate 

of the gas stream being porcessed is relatively low. 
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However, where a stream of liquefied cryogenic ?uid 
is to be added to a gas stream of high volume rate, the 
system illustrated in FIG. 2 is preferred. As will be un 
derstood by those skilled in the art, the particular gas 
stream volume rate at which the system of FIG. 2 
should be used instead of the system of FIG. 1 will de 
pend on economic considerations relating to the appa 
ratus required. 

In operation of the system illustrated in FIG. 2, the 
gas stream entering the system 40 through the inlet 
conduit 42 is divided into two portions by the three 
way valve 44. Three-way valve 44 may be any conven 
tional ?ow control valve operably connected to the 
conventional ?ow control device 45 disposed in con 
duit 46. The ?ow control device 45 regulates three-way 
valve 44 so that a predetermined flow rate of gas is 
passed through conduit 46. The particular ?ow rate of 
gas passed through conduit 46 will depend on various 
factors such as the ?ow rate of lique?ed cryogenic ?uid 
to be vaporized, the desired combined stream outlet 
temperature, etc. Conventional engineering calcula 
tions understood by those skilled in the art may be em 
ployed to determine optimum ?ow rates, temperatures, 
and sizes of apparatus required. The portion of the gas 
stream passing through conduit 46 is conducted to the 
heating coil 48 of the heater 50 by the conduit 46. As ' 
the gas stream passes through the heating coil 48, heat 
is transferred thereto. The heated portion of the gas 
stream then passes into contactor apparatus 54 by way 
of conduit 52. While within contactor 54, the heated 
portion of the gas stream intimately contacts the stream 
of lique?ed cryogenic ?uid entering contactor appara 
tus 54 thereby vaporizing the cryogenic fluid and caus 
ing it to be combined with the gas stream. The com 
bined cryogenic fluid and gas stream pass out of the 
contactor apparatus 54 through conduit 64 and are 
mixed with the portion of the gas stream passing 
through conduit 43. A temperature controller and fuel 
control valve assembly, generally designated by the nu 
meral 57, may be used to automatically control the 
amount of fuel combusted in the heater 50 in the same 
manner as described above for the heater 16.’ 
As will be understood by those skilled in the art, any 

of a variety of conventional control systems may ‘be 
used with the systems of the present invention to auto 
matically control the rate of lique?ed cryogenic ?uid 
vaporized, the heating of the gas stream, etc. 

In operation of the contactor apparatus illustrated in 
FIGS. 3 and 4, the heated gas stream enters the con 
tainer 72 through the tangential inlet connection 74 
thereof. Lique?ed cryogenic ?uid enters the perforated 
pipe 84 through the connection 82 and is sprayed into 
the container 72 through the perforations 85 thereof. 
Because of the tangential inlet and outlet connections 
74 and 78, the heated gas stream entering the container 
72 follows a generally spiral path adjacent to the walls 
of the container 72 as it travels from the forward end 
76 thereof to the rearward end 80 thereof. Thus a high 
degree of turbulence is imparted to the heated gas 
stream as it passes through the container 72. The 
stream of lique?ed cryogenic ?uid sprayed into the 
container 72 through the perforations 85 of the pipe 84 
is intimately contacted by the turbulent heated gas 
stream within the container 72, and as a result, heat is 
transferred from the heated gas stream to the cryogenic 
?uid causing the cryogenic ?uid to be vaporized and 
mixed with the gas stream. The combined cryogenic 
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6 
?uid vapors and gas stream leave the contactor appara 
tus 70 through the outlet connection 78 thereof. While 
the contactor apparatus described herein is preferred 
for use in the present invention, it will be understood 
that any contactor apparatus which will bring about in 
timate contact between the heated gas stream and the 
lique?ed cryogenic ?uid stream may be employed. 
The contactor apparatus used in accordance with the 

present invention must be constructed from materials 
compatible with the low temperatures of cryogenic ?u 
ids. However, considerably less of such materials are 
required than that required for heretofore used heating 
apparatus. Furthermore, the gas stream heater em 
ployed in the present invention may be of a conven 
tional type and design, and since low temperatures and 
two-phase ?ow are not encountered therein, operation 
problems are reduced to a minimum. 
As will be understood, the methods and systems of 

the present invention may be used for vaporizing and 
combining any lique?ed cryogenic ?uid with any gas 
stream. However, the present invention is particularly 
suitable for vaporizing and combining lique?ed cryo 
genic ?uids such as LNG or LPG with natural gas 
streams in carrying out peak shaving operations. For 
example, a stream of natural gas at a pressure of 400 
psia. and a temperature of 40° F. may be heated to a 
temperature of 340°, F. thereby adding heat to the gas 
stream in the amount of 181 BTU per pound of the gas 
stream. A stream of LNG at a temperature of —'260° F. 
requires a heat input of 358 BTU per pound to vaporize 
and superheat it to a temperature of 40° F. Thus, 1.98 
pounds of gas heated to 340° F. are. required to vapor 
ize and combine 1 pound of LNG therewith. For a nat 
ural gas stream of 30 MMSCFD at a pressure of 400 
psia. and a temperature of 40° F., a conventional heater 
capable of adding approximately 10 million BTU/HR 
of heat to the gas stream may be employed in a system 
of the present invention to vaporize and combine a 
28,900 lb./HR stream of LNG therewith resulting in a 
combined natural gas stream of approximately 45 
MMSCFD at a'temperature' of 406 F. - 
Other advantages'of the present invention as com 

pared to heretofore use methods andv systems wherein 
the lique?ed cryogenic ?uid is varporized and super 
heated in heating apparatus prior to being combined 
with the gas stream are as follows:. 

1. The contactor apparatus of the present invention 
may be located in the same vicinity as the lique?ed 
cryogenic ?uid storage tank and pump thereby ob 
viating the need for long lique?ed cryogenic ?uid 
pipelines. In prior methods and systems, the heat 
ing apparatus for vaporizing and superheating the 
cryogenic ?uid must be located remotely from the 
storage tank and pump to safeguard against ?res or 
explosions thereby requiring long pipelines for con 
ducting the lique?ed cryogenic ?uid to the heating 
apparatus. 

2. The lique?ed cryogenic ?uid pump required in a 
system of the present invention is smaller and less 
expensive than that required in heretofore used 
systems since pressure loss associated with cryo 
genic ?uid vaporizing and superheating apparatus 
is not encountered. 

3. If the pressure of the gas stream is reduced from 
a relatively high pressure to a low pressure level at 
the location where the lique?ed cryogenic ?uid is 
vaporized and combined with the gas stream, the 
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heating apparatus of the present invention may be 
installed upstream of the pressure reduction means 

' with the contactor apparatus of the present inven 
tion installed downstream thereof, thereby reduc 
ing the size and cost of apparatus required as com- 5 
pared to heretofore used systems. For example, if 
the gas stream is conducted by a pipeline system at 
a pressure of 400 psia. and then reduced to a pres 
sure level of 20 psia. for distribution, the gas stream 
may be heated at 400 psia. and the liquefied cryo- 10 
genic ?uid vaporized and combined with the gas 
stream at a pressure of 20 psia. As will be under 
stood by those skilled in the art, this arrangement 
will require smaller heating apparatus and a smaller 
lique?ed cryogenic ?uid pump as compared to 15 
heretofore used systems wherein the lique?ed cry 
ogenic ?uid is vaporized, superheated and com 
bined with the gas stream at 400 psia. 

4. If the temperature of the gas stream prior to being 
heated is higher than the required combined 20 
stream temperature, the systems of the present in 
vention will require less total heat input than prior 
systems since some of the original heat content of 
the gas stream will be utilized to vaporize and su 
perheat the liquefied cryogenic ?uidv ' 25 

The present invention, therefore, is well adapted to 
carrying out the objects and attain the ends and advan 
tages mentioned, as well as those inherent therein. 
While presently preferred embodiments of the inven 
tion are given for the purpose of disclosure, numerous 30 
changes can be made which will readily suggest them 
selves to those skilled in the art and which are encom 
passed within the spirit of the invention disclosed 
herein. 
What is claimed is: 35 
1. A method of vaporizing and combining a stream of 

lique?ed cryogenic ?uid with a gas stream being trans 
ported through a pipeline to apoint of use comprising 
the steps of: 
heating said gas stream to a temperature such that a 40 

quantity of heat -is added thereto substantially 
equal to the heat required to vaporize said stream 
of lique?ed cryogenic ?uid and superheat it to the 
desired temperature of the combined stream of 
cryogenic ?uid and gas; 45 

injecting said stream of lique?ed cryogenic ?uid di 
rectly into said heated gas stream; 

intimately contacting said stream of lique?ed cryo 
genic ?uid with said heated gas stream so that the 
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cryogenic ?uid is vaporized, superheated and com 
bined with said gas stream; 

determining the temperature of the combined stream 
of cryogenic ?uid and gas; and 

automatically controlling the heating of said gas 
stream in predetermined relation to the tempera 
ture of said combined stream so that the liquidcry 
ogenic ?uid is vaporized and superheated and a 
combined stream of cryogenic ?uid and gas having 
the desired temperature is produced in said pipe 
line. 

2. The method of claim 1 wherein the gas stream is 
natural gas. 

3. The method of claim 2 wherein the lique?ed cryo 
genic ?uid is lique?ed natural gas. 

4. The method of claim 2 wherein the lique?ed cryo 
genic ?uid is lique?ed petroleum gas. 

5. A method of vaporizing and combining a stream of 
cryogenic lique?ed natural gas with a natural gas 
stream being transported through a pipeline to a point 
of use comprising the steps of: 

dividing the natural gas stream into ?rst and second 
portions; 

heating the ?rst portion of said natural gas stream so 
that a quantity of heat is added thereto substan 
tially equal to the heat required to vaporize said 
stream of cryogenic lique?ed natural gas and su 
perheat it to the desired temperature; 

injecting said stream of cryogenic lique?ed natural 
gas directly into the heated ?rst portion of said nat 
ural gas stream; 

intimately contacting said stream of cryogenic lique 
?ed natural gas with the heated ?rst portion of said 
natural gas stream so that the cryogenic lique?ed 
natural gas is vaporized, superheated and mixed 
with the ?rst portion of said natural gas stream; 

determining the temperature of the resulting com 
bined ?rst portion of natural gas; 

automatically controlling the heating of the ?rst por 
tion of said natural gas stream in predetermined re 
lation to the temperature of the resulting combined 
?rst portion of natural gas so that said cryogenic 
lique?ed natural gas is vaporized and superheated 
and a combined ?rst portion of natural gas having 
the desired temperature results; and 

combining the second portion of said natural gas 
stream with the combined ?rst portion of said natu 
ral gas stream. 

* * 10! II! III 


