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3,216,435 
PROCESS AND RELATED APPARATUS FOR 

FACLITATING PEPELINE FLOW 
Fred H. Poettmann, Littleton, Colo., assignor to Mara 
thon Oil Company, Findlay, Ohio, a corporation of 
Ohio 

Filed Oct. 12, 1964, Ser. No. 405,885 
12 Claims. (C. 137-13) 

This application is a continuation-in-part of my co 
pending United States application Serial No. 253,576, 
filed January 24, 1963, now abandoned. 

This invention relates to a method and means of main 
taining a film of a low viscosity liquid on the interior 
Surface of a pipe line transporting a viscous liquid. 
The use of a water film for concentric flow with oil 

in a pipe line is a well known procedure and various me 
chanical arrangements have been provided for such water 
introduction into a pipe line. Usually such films have 
a progressively reducing efficiency from the point of in 
troduction, particularly when the interior surfaces of the 
line are rough or corroded creating turbulence in the 
flow. Once the concentric flow pattern is lost because of 
such turbulence or other causes, the water does not re 
form in concentric pattern and it then becomes excess ma 
terial in transport reducing the flow capacity of the line. 

In order to provide anything approaching a continuous 
concentric flow pattern in the prior art practices, it has 
been necessary to provide input stations at predetermined 
intervals along the line so as to establish a new down 
stream concentric flow pattern after a predetermined pe 
riod of operation with an upstream concentric flow. As 
the factors influencing flow may vary considerably in a 
given length of line, one such introduction point may be 
located properly while the next one is not, and the con 
centric flow pattern therefore is not continuous and the 
intended effect is not maintained throughout the con 
tinuous flow. 
My invention provides several innovations in utilizing 

concentric flow of liquids in pipe lines. The practice of 
the invention consists in periodically injecting a novel type 
of pig into a pipe line transporting a relatively viscous 
liquid. This pig contains a charge of lower viscosity liquid 
or solution which is discharged at a controlled rate and 
in controlled volume preferably in conjunction with an 
advance scouring or cleansing of the interior surface of 
the pipe so as to provide better adherence of the deposited 
film to the pipe surface. The pigs so introduced are re 
moved from the line after a predetermined course of 
travel and a new one is introduced to travel through an 
adjoining downstream portion of the line so as to main 
tain continuous filming throughout the extent of the line. 
This means of applying the film of lower viscosity 

liquid to the inner surface of pipe line provides a uni 
form distribution and as a result the film may be rela 
tively thin as the duration of such a concentric pattern 
can be accurately determined and the interval between 
pig introductions can be regulated to provide a continu 
ous concentric pattern. Also, in removing pigs from the 
line at the end of the established course of travel, the lower 
viscosity liquid may be separated from the viscous fluid, 
if desired, before the latter begins its movement along 
the adjoining downstream portion of the line. 
The practice of my invention will be described with 

reference to the accompanying drawings illustrating a 
typical operating installation in more or less schematic 
form and illustrating types of pigging devices well suited 
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for use in such an installation. In the drawings, in the 
several views of which like parts bear similar reference 
numerals, 

FIG. 1 is a flow sheet type of plain view of a portion 
of a pipe line transporting viscous oil and showing a pig 

y 

70 

2 
injection system and stage and a pig recovery system or 
stage in relation to upstream and downstream portions of 
a pipe line; * 
FIG. 2 is a front elevation, partially in section, of one 

embodiment of a pigging device utilizing features of my 
invention; and 

FIG. 3 is a front elevation, partially in section, of an 
other embodiment of a pigging device utilizing features 
of my invention. 

Referring first to FIG. 1, the pipe line shown comprises 
an upstream portion 4, a downstream portion 5, and an 
intermediate transfer section or assembly 6. A signalling 
device such as a microswitch 7 is located at a suitable 
distance upstream, such as in the joint between the up 
stream portion 4 and intermediate portion 6, to detect 
passage of a pig and initiate operation of a solenoid 8 
in a pig injection system 9 forming a part of the trans 
fer assembly. Solenoid 8 acts against the resistance of a 
spring 10 to rotate an arm 11 and associated flanged por 
tion 12 about a pivot 13 so as to position the flange 12 
for diversion of the incoming pig into a recovery system 
14 also forming a part of transfer assembly 6. 

Recovery system 14 includes an elongated tubular pas 
sage 15 ranging outwardly from the normal flow path of 
the pipe line and closed at its end, preferably by a suit 
able valve (not shown) permitting intermittent pig re 
moval as required without wasting transport fluid. Fluid 
reaching the closed end of passage 15 enters a return 
branch 16 for discharge into the downstream portion 5 
of the pipe line. 
The injection system 9 includes an elongated pig stor 

age chamber 19 and a spring urged plunger 20 at its rear 
is actuated simultaneously with the solenoid operation 
to move the forward pig in the chamber against arm 11 
as it rotates about pivot 13 and thus directs the pig into 
the fluid flow approaching downstream portion 5 at the 
same time an arming pin 21 is driven against the resist 
ance of a spring 22 to puncture a diaphragm in the rear 
of the pig being introduced into the line. A timing de 
vice (not shown) determines the operating period of sole 
noid 8 before return of arm 11 to its inactive position, 
but the maximum time for return is less than required to 
move a second pig into the line. The injection system 
then remains inactive until switch 7 signals entry of an 
other pig. A screw assembly 23 permits retraction of 
plunger 20 when pigs are put into chamber 19. 
The pigs shown in storage chamber 19 may be of the 

type shown in FIG. 2 or 3, but if the form of FIG. 3 
is used, the arming pin 21 will be disconnected for rea 
sons which will be described later. The hollow pig 25 
shown in FIG. 2 comprises a cylindrical rearward body 
portion 25a and a frusto-conical forward portion 25b 
having a valve-controlled inlet passage 26. An annular 
brush-like scouring member 27 is mounted at the front 
of cylindrical portion 25a, a plurality of spacer members 
28 are mounted in circumferentially spaced arrangement 
on an intermediate portion and an annular liquid dis 
charge member 29 is mounted near the rear of portion 
25a and is formed of flexible material such as rubber. 
The cylindrical portion 25a is of substantially less di 

ameter than the inside diameter of the line in which it is 
introduced while the scouring member 27 is of slightly 
larger diameter and flexible member 29 is slightly larger. 
The spacers 28 provide a slight clearance and are essen 
tially rigid so as to prevent any appreciable tilting of 
the pig in its movement through the line. 
The interior of cylindrical portion 25a is partitioned to 

define a fluid storage compartment 30, which is filled with 
detergent solution introduced through a valved inlet 31. 
and as compartment 30 fills it forces a piston 32 forward 
until its movement is arrested by the tapering surfaces 
of portion 25b and seals forward compartment 33 into 
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which compressed air is charged through the valved 
inlet 26. 
A partition 34 forming the rear enclosure or bulkhead 

of chamber 30 has a tapered opening 35 acting as the 
Seat for the conical head of a valve member 36. A coil 
spring 37 on the stem of valve 36 is held between a fixed 
partition 38 and a piston or traveling head 39 secured at 
the end of the stem of valve 36 so as to provide limited 
movement of the piston within a cylindrical housing 40 
under the force of following fluid in the line. An opening 
41 through the rear end of body 25 is normally sealed 
by a diaphragm 42 and admits a flow of fluid into con 
tact with piston 39 when it is punctured by pin 21 
(FIG. 1.). 
The drag of pig 25 in the pipeline flow causes a high 

pressure area upstream of the pig. This pressure is di 
rected against piston 39 advancing it to unseat valve 36, 
and as a result the detergent in compartment 30 is forced 
by the expanding gas charge in compartment 33 to enter 
the restricted passages 43 and flow to the hollow interior 
of the flexible member 29 and discharge at a rate de 
termined by the restriction of its outlet passage 45. Mem 
ber 29 is comprised of two sections 29a and 29b and the 
latter has a tip portion 29x which extends beyond the pe 
riphery of section 29a so as to have wiping engagement 
with the interior surface of the line. Such engagement 
spreads the ends of members 29a and 29b to establish the 
restriction of passage 45 and tip 29x also wipes the liquid 
film discharge onto the pipe surface so as to keep it at a 
desired degree of thinness and provide uniform distribu 
tion and good adherence. 
When the pipeline transmitting a viscous liquid such as 

oil utilizes an injection and recovery system of the type il 
lustrated in FIG. 1 with pigging devices of the type shown 
in FIG. 2, a first injection system such as injection stage 9 
is placed in the line at its upstream intake end, and a 
pig 25 is introduced into the oil flow at the beginning of 
a period of operation. Rotation of arm 11 about pin 13 
in conjunction with operation of plunger 20 to move a 
first pig 25 into the direct flow path between portions 4 
and 5 is accompanied by a simultaneous movement of 
pin 21 against the resistance of its associated spring 22. 
This action results in a puncturing of diaphragm 42 (FIG. 
2) and as pig 25 is entrained in the pipe line flow it tends 
to drag while the following oil flows at a higher pres 
Sure and exerts a thrust on piston 39. 
The resulting movement of piston 39 overcomes the re 

sistance of spring 37 and forces valve 36 off seat 35, per 
mitting outflow of a lower viscosity liquid such as an aque 
ous detergent solution from chamber 30 by expansion of 
gas in compartment 33 directed against piston 32 and the 
solution so released escapes through the passages 43 into 
the interior of flexible member 29 from which it dis 
charges in controlled volume. The water film thus ap 
plied to the inner Surface of the pipe is wiped by tip 
portion 29x so as to be spread uniformly and adhere firm 
ly to the surface of the pipe. This action establishes the 
concentric flow pattern and the forward scouring mem 
ber 27 cleans the pipe surfaces before water application 
and improves water adherence to the cleaned surfaces. 
As it is possible to calculate quite accurately the dur 

ation of a concentric flow pattern with the surfactant ap 
plied in the manner just described, the volume of solu 
tion carried in a pig and its rate of outflow are con 
trolled, as is the thickness of the applied film, so as to 
continuously maintain the film on the surface of the pipe 
through a prescribed length of line. The spacing of the 
pig injection and recovery systems along a pipe line is 
limited to insure effective operation throughout each 
length of line. For example, in a 12-inch line utilizing 
a pig holding about 10 cubic feet of liquid, the spacing 
interval may be about 3.6 miles, and the thickness of the 
film applied will be 0.001 inch. For a film 0.002 inch 
thick, the spacing interval would be reduced to 1.8 miles 
in a 12-inch line, 
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4. 
From the foregoing, it will be apparent that the timing 

interval for pig injection and removal provides for main 
taining a continuous film on the pipe surface in each treat 
ment area and as one concentric flow is terminated a new 
one is initiated and the benefits of concentric flow are 
derived throughout the total course of travel of the pigs 
in a line. The structural embodiments of the pigs illus 
trated herein are intended as typical units and the assem 
blies may be varied substantially as long as essential 
features are provided. 

FIG. 3 illustrates another pig embodiment for use in 
a pipe line according to this invention. As shown, the 
pig 50 comprises a main cylindrical portion 51 and a 
forward frustro-conical portion 52 having a forward shaft 
receiving passage 53, and a forward-extending spider 
type cage 54 is secured on pig 25 in shielding relation to a 
propeller 55 mounted on a shaft 56 journaled for rota 
tion in passage 53. Guide members 57 are disposed in 
circumferentially spaced arrangement on a forward ex 
terior surface of cylindrical portion 51 and an annular 
Scouring member 58 is disposed rearwardly of the guide 
members and forwardly of a flexible discharge member 
59. Members 57, 58, and 59 are essentially structural 
and functional duplicates of members 28, 27, and 29 re 
spectively, of pigging assembly 25 (FIG. 2). Cage 54 
protects the propeller 55 from damage in the injection 
and recovery systems. 
The rear of cylindrical portion 51 is sealed by a plate 

60 and a train of gears 61 is enclosed within the forward 
portion 52 and is driven by rotation of propeller 55 con 
tacting the viscous transport fluid for rotating shaft 56. 
An elongated screw 62 is mounted in a seat 63 on the in 
ner surface of plate 60 and at its forward end screw 62 
Supports the rearmost gear of train 61 for conjoint ro 
tation therewith. This arrangement of gears imparts a 
slow speed rotation to screw 62 as the pig 50 is impelled 
by the flow of transport fluid in the pipe line and screw 
62 drives a piston 64 rearwardly through the interior of 
portion 51 by such rotation. 
The Space rearwardly of piston 64 is filled with lower 

viscosity liquid, preferably aqueous detergent solution 
before pig 50 is put into service and the progressive ad 
vance of piston 64 expels liquid through passages 65 into 
the interior of member 59, from which it discharges in a 
thin stream and is wiped by the tip portion 59v as it is 
distributed over the surface of the pipe. 

Thus, it will be apparent that both pigs 25 and 50 per 
form essentially the same function in the pipe line in 
cleansing the inner pipe surface and distributing the lower 
viscosity liquid at a controlled rate and volume to pro 
duce a film of predetermined thickness which will adhere 
in concentric flow pattern for an interval in excess of that 
required to pass a following pig by a given point in the 
course of pig travel through the pipe line from the in 
jection system to the recovery system. 

It will be understood that pigging devices utilized 
in the practice of this invention may be fabricated from 
any suitable materials, preferably metallic alloys, plas 
tics or combinations of same. As the discharge control 
is an important feature in the operation of the devices, 
the components utilized in driving the piston which expels 
the Solution should be machined with precision. The 
exterior structure of such devices also may be of any 
Suitable composition and preferably the guide members 
Will be of a hard wear-resistant composition. The scour 
ing member will have a longer operating life if some de 
gree of flexibility is provided and I prefer to use the 
Wire brush material embedded in a metallic base por 
tion. The essential feature of the discharge member is 
precision fitting coupled with flexibility so that the dis 
charge passage is uniform throughout its circumferential 
extent for any predetermined discharge volume and the 
tip portion should have sufficient flexibility to provide the 
desired wiping effect. 

It will also be understood that although the present in 



3,216,435 
5 

vention has been illustrated in the above specific embodi 
ments by the use of water as the lower viscosity fluid in 
conjunction with oil as the high viscosity major fluid be 
ing transported, the invention is by no means limited to 
this combination of fluids. Because of the relatively small 
amount of the low viscosity annular liquid required for 
the practice of the present invention even relatively ex 
pensive low viscosity fluid may be advantageously em 
ployed. Thus, while water is preferred for its availability, 
various hydrocarbons such as pentane, hexane, heptane, 
and others; alcohols, especially those having from 1 to 
about 20 carbon atoms; and aromatics such as benzene, 
naphthalene Xylene, toluene, etc., are among the many 
low viscosity fluids which may be employed. Likewise, 
the invention may be applied to a wide variety of trans 
ported fluids including, among others, oils and various 
petroleum derivatives, viscous aqueous solutions, gels, 
and slurries. In general, the lower viscosity liquid should 
preferably be immiscible with the viscous liquid so as to 
permit the liquids to be separated readily by decantation. 
Certain combinations of lower viscosity fluid with par 
ticular transport fluids will be preferred because of their 
ability to more effectively form a continuous film extend 
ing down the pipe line but such optimum combinations 
can readily be determined by persons having skill in the 
general art of fluid transport and the present invention 
includes all such combinations. 
What is claimed is: 
1. The method of continuously maintaining a film of 

lower viscosity liquid on the interior surface of a pipe 
line transporting a viscous liquid which comprises in 
troducing a confined body of lower viscosity liquid into 
a flowing stream of viscous liquid in a pipe line for co 
current movement with said flow, maintaining circum 
ferential surfaces of the confining structure in wiping con 
tact with the internal surface of the pipe line during such 
cocurrent movement, and ejecting the confined lower 
viscosity liquid through the circumferential contacting 
Surfaces in a controlled volume so as to produce a con 
centric flow of lower viscosity liquid and viscous liquid 
through the pipeline. 

2. The method of claim 1 wherein the lower viscosity 
liquid contains surfactant. 

3. The method of claim 1 wherein the confined body 
of lower viscosity liquid is removed from the pipe line 
after a predetermined operating interval. 

4. The method of claim 1 wherein the circumferential 
contacting Surfaces are maintained in scouring and wip 
ing contact with the internal surface of the pipe line in 
order to scour said internal surface. 

5. The method of claim 1 wherein the confined body 
of lower viscosity liquid is discharged from the pipe line 

fore its entire contents are discharged into said pipe 
C. 

6. The method of claim 1 wherein the lower viscosity 
liquid is discharged at a controlled rate proportioned to 
the speed of the confined body so as to produce a concen 
tric flow of lower viscosity liquid and viscous liquid 
through the pipeline. 

7. The method of claim 1 wherein the lower viscosity 
liquid is ejected at a controlled rate proportioned to the 
pressure of a compressed gas so as to produce a concen 
tric flow of lower viscosity liquid and viscous liquid 
through the pipeline. 

8. The method of claim 3 wherein the lower viscosity 
liquid is water and the viscous liquid is oil. 

9. The method of continuously maintaining a water 
film on the interior surface of a pipe line transporting 
viscous oil, which comprises introducing a confined body 
of Water into a flowing oil stream in a pipe line for co 
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6 
current movement with said flow, maintaining circum 
ferential surfaces of the confining structure in wiping con 
tact wtih the internal surface of the pipe line during such 
concurrent movement, and ejecting the confined water 
through the circumferential contacting surfaces in an 
induced flow so as to produce a concentric flow of water 
and oil through the pipe line. 

10. A system for continuously maintaining a film of 
lower viscosity liquid on the interior surface of a pipe 
line transporting viscous liquid which comprises a pipe 
line having a flowing stream of viscous liquid, a hollow 
elongated pig containing a confined body of lower vis 
cosity liquid for introduction into said flowing stream 
of viscous liquid in said pipe line in cocurrent movement 
by and with said flow, said pig having circumferential con 
tacting surfaces in wiping contact with the internal sur 
face of the pipe line during such cocurrent movement, 
and means mounted interiorly of the pig for discharging 
the confined lower viscosity liquid through the circum 
ferential contacting surfaces in a slow progressive flow 
so as to produce a concentric flow of the lower viscosity 
liquid with the viscous liquid flowing through the pipe 
line. 

11. The system of claim 10 in which is provided means 
for removing each of the elongated pigs from the flow 
at the end of a measured interval before the contained 
lower viscosity liquid is completely exhausted, and means 
for introducing other elongated pigs filled with lower vis 
cosity fluid into the flow near the end of each measured 
interval. 

12. A system for continuously maintaining a water 
film on the interior surface of a pipe line transporting 
viscous oil, which comprises a pipeline having a flowing 
stream of viscous liquid, hollow elongated pigs introduced 
at measured intervals into said flowing oil stream in said 
pipe line in concurrent movement by and with said flow, 
each said pig containing a confined body of water, said 
pig having means mounted interiorly of said pig for dis 
charging the confined water against the pipe surface at 
a controlled rate continuously throughout such concur 
rent movement, means mounted exteriorly of the pig 
for scouring the pipe surface and wiping the aqueous dis 
charge in a circumferential pattern so as to provide a film 
of predetermined thickness on the interior surface of the 
pipe and thereby produce a concentric flow of water 
and oil, means for removing each of the elongated pigs 
from the flow at the end of the measured interval before 
the contained water is completely exhausted, and means 
for repeating the introduction of other elongated pigs 
into the flow at the end of each measured interval. 
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