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'nLIQUno wAPoRZING UBE 
Erwin G. Bailey, Easton, Pa, assignor to The 

Babcock & Wilcox Company, Newark, N. J, a, 
corporation of New Jersey 
Application June 11, 1938, Serial No. 218.180 

(C. 122-235) 9 0laims. 

The present invention relates to the construc 
tion and operation of tubular wapor generating 
elements, and more particularly to tubular wapor 
generating elemerats of circular crOSS-Section of 
the type adapted in operation to contain a filuid 
strean having one part liquid and the other part 
Wrapor of the liquid with a high ratio of Wapor' to 
liquid by volume in all or a portion of the tube 
length. My invention is particularly designed 
and eSpecially useful in' the construction of the 
stean generating tubes of a " steam generator 
which in view of their location relative to the 
furnace normally absorb heat at relatiWely high 
rates. ^ '', 

1In the operation of a water tube Stream boiler, 
for example, it is essential to operation that 
water flow through the inside of each steam 
generating tube while heat is being received by 
the tube on itS outer face. " Steam is formed in 
the water inside of the tube, and at successively 
greater distances along its length there ·will be 
an increasing fraction of the flowing fluid in the 
form of steam and a decreasing fraction in the 
form of water, depending upon the rate of heat; 
absorption. When steam flows · with water in 
side of a tube it may have any one of several 
different physical relations with the water. The 
Steam may be uniformly distributed in the form 
of Small bubbles in the fiowing water, the bubbles 
originating on the tube inner Wall Surface and : 
being detached therefrom by warious local forces, 
or in the form of large bubbles more or less uni 
formly distributed, or ira the form of Segregated 
steam and water masses alternating along the 
tube length or in other forms. When the wol 
umetric ratio of steam to water is quite large the 
water may be nore or less uniformly, distributed 
through the steam as a fog or mist, or aS a film 
on the inside of the tube wall, or as a, .more or' 
less Segregated parallel stream. Such a filn or 
layer of water may be uniformly distributed 
around the tube circumference at any · · givena 
cross-section of the tube, or ower only a part of 
the tube. inner · wall. Surface. Under the latter 
condition the part of the inner wall · Surface not 
in contact with the water will be dry, while · the 
part that is in contact will be wet. 

Tt is well known that the wall metal tempera 
· ture of a steam boiler water tube · will not rise 
above the temperature · of the contained fduid 
enough to weaken or otherwise damage the tube 
so long , as the · tube, is wet with , water on the 
inner wall surface opposite the heat ' receiving 
outer surface even with high heat transfer rates 
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contact of hot gases or radiation from the fur 
nace. It is also well known that when any part 
of the inner wall surface of a tube is dry that 
portion of the tube' wall will · tend to overheat, 
and be damaged even with moderate heat trans 
fer rates, in Spite of the fact that other wall' 
parts adjacent to it, either circumferentially or 
longitudinally, may be at safe temperatures with 
even higher heat transfer rates because of local 
wetness of those wall parts. This fact limits 
the average heat transfer rate and the generat 
ing capacity of the whole tube. This limitation 
becomes most Sewere if the heat transfer rate 
varies circumferentially of ' a, jube that is , not 
internally. wet ower its whole .. circumference and 
the more intense heating , is applied to the dry 
portion of the tube wall. ~ 
The main object of my invention is the prowi 

Siona · of , ama improwed construction of a tubular 
wapor generating element which is characterized 
by': simple and effective means for insuring - Sub 
stantially uniforn circumferential .. distribution 
of the liquid in , a : liquid-wapor · Stream : flowing 
therethrough ower. the inner wall Surface of the 
Wapor generating element irrespectiWe of the po 
Sition of the tube and without requiring any, dis- .. '' 
tortion of the tube or Substantial weakening : of 
the tube wall and without materially increasing 
itS * cost of manufacture or installation. A fur 
ther and more Specific object is an improwed wall 
construction of a steam generating tube of cir-, 
cular croSS-Section of the character described 
which is adapted for 'use in parts of · the steam 

• generator where the enclosed fluid has a, high 
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ratio of Steam to Water by Wolume and the tube 
is mainly heated ower only part of its circum 
ferential area. I. 
The warious. features of nowelty which charac 

terize the invention are pointed out. with par 
ticularity in the , claims annexed to , and forming 
a part of this Specification. . . . For a better under 
standing of the invention, its operating · adwarn 
tages and Specific ºr objects , attained. by its use, 
reference .. should be had to the accompanying 
drawings and descriptive matter in which I have 
illustrated and described a preferred, embodinent, 
of my inWention. · · · : ..? ' ' ', ^ ? ? 
Of the drawingS: · · · ..' • * · , 

Fig. 1 is a transverse section of a wapor gen 
erating tube.constructed in accordance with my 
invention; · ~ · · · · · · · · · · · · · 

Fig. 2 is 8 Wiew of a portion of the wall of the 
tube · Shown in Fig. 1 || magnified twenty timies; 

Fig. 3 is a developed wiew of the inner · wall 
· through the metal of the tube Wall due to the 55 Surface of the tube shown in Fig. 1; 
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?? 1Rig.4 ' is a sectional elewation of a forced fdow 
steam generator in which the invention is adapt 
ed for use; 

1Fig. 5 is a wiew similar to Fig. 4 of a natural 
circulation steam generator adapted to incor 
porate the invention, and " ? 

fig. 6 is a Somewhat diagrammatic wiew of a 
tube coill constructed in accordance with the in 
wention. 

rn accordance with my invention, the tubular 
wapor generating element is formed of suitable 
carbon or alloy steel ttibing of circular cross 
section hawing a smooth outer wall Surface 0, 
although studs or other forms of extended sur 
face may be applied thereto if desired provided 
that the inner wall surface is not distorted in 

| consequence. The inner wall surface ff of the 
tube is formed throughout its length, or a pre 
determined portion thereof, with a circumferen 
tially arranged Series of slightly Separated pair 
allel, continuous grooWes l2 of helical form, pref 
erably formed by rifiing the tube with relatively 
shallow groowes of approximately rectangular 
cross-section ', hawing a relatively · · high pitch. 
With this formation the grooves will be separated 
by lands · l3, the sides of which define the adja 
cent sides of the adjoining grooweS. ~ 
By way of example and not of limitation, the 

tube shown is of 1%** O. 1D. with a wall thickneSS 
of .125'' and the rifiing hawing helical gro0wes : 
.035°' in width and .015°* depth, adjacent 
groowes being Separated by lands .025°' in Width. 
The rifiing consists of 53 grooWeS and lands ar 
ranged with a pitch of 7%’”, which when devel 
oped as shown in Rig. 3, will have a base angle 
a of approximately 60°. 
'The tube Specifically described is eSpecially 

designed for use as a wall tube in the upper Wall 
portion and burner throat of the furnace of a 
forced flow high presSure steam generator haW 
ing small liquid and heat storage capacity, such 
as illustrated in Fig., 4 and disclosed in my. pend 
ing application. Serial No. 113,060, filed Nowember 
27, 1936. ~ 
The rifded tubes of my invention are also 

adapted for effective use in natural circulation 
steama generators, . Such as shown in Fig. 5 and 
disclosed in a pending application of R. Shellen= 
berger, Serial No. 137.158, filed April 16, 193', 
and other · forms of wapor generators, where the 
wapor generating tube conditions render the use 
of rified tubes desirable … in all or a portion of 
the wapor generating. Section thereof. 
In the installation of rified . Steam generating 

tubes - of the character" described in a Water tube 
steam boiler, such tubes will be located in the 
part or parts' of the circulation system where 
the fiuid strearn has a high ratio of Steam to 
water by wolune. By a *'high' wolumetric ratio 
of steam to water, I have ina mind a steam frac 
tion of at least '75% of the fluid stream and usu- · 
ally.substantially greater. My invention will be 
found .highly effective even when the wolume of 
water flowing through a rifiled tube is Only Sufill 
cient to partly fill the wall groowes l2. 
In the operation of a water tube. boiler with 

rified tubes, the outer layer of the flowing filuid 
? is deflected by the rifiing ira Such a Way as to · 
cause a circumferential motion in at least part 
of it. When the ratio of steam to Water by 
wolume has become high enough the Water that 
might; otherwise fail to be uniformly' distributed 
circumferentially and flow along the bottom of ' 
a horizontal tube or the outside of a bend in a 
tube, for example, will be caught by the rifiing 
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and caused to nowe circumnferentially. The 
combined effects of Surface friction of the steam 
and the rifiled internal Surface tends to distrib 
ute the Water unifornly ower the circumference 
of the gro0wed inner wall Surface of the tube as 
the steam and water flow longitudinally through 
it, untill all or substantially all of the water has 
been ewaporated. With such rifiled tubes, the 
tblbe Wall metal terruperature can be maintained 
at a safely low walue with heat transfer rates 
that would cause damage by owerheating if plain . 
tubes were substituted. ~ 

1In cases where the unewaporized water is small 
. in amount and Would tend to fdow along the bot 
tom of a horizontally arranged plain tube, one 
.side of which is Subjected to more intense heat 
ing, in a rified tube similarly arranged the rifiling 
Would cause the bottom strean of Water to be 
lifted and to SWeep the highly heated side. In 
Such cases it is desirable that the rifiing be left 
or right-handed according to in which direction 
the lifting of the water from the bottom would 
be least, i. e., the rifiing should be arranged so 
that the rotary mowegment of the water will be 
in the direction from the bottoma toward the 
|heated side. Where tubes are arranged in coils 
consisting of parallel tube legS with opposite 
rewerse bends at opposite ends; the tube legs cana 
be adwantageously • formed, as shown in fig. 6, 
by tubes rified alternately left; and right-handed 
to secure proper distribution of the liquid after 
fiowing through the reverse bends. '' 
. The use of the tube Wall construction described 
for the ̂high temperature generating section of 

' a wapor generator' will substantially increase its 
' operating capacity in cases where the use of 
plain tubes in this location necessitated opera 
tion at reduced capacity for high awailability and 
economic maintenance. It has also been found 
that rifiing of the character described effects a 
decrease in the pressure drop through the tube 
at high mass flow rates of the fiuid stream, as 
compared to that ina plain tubes. The character 
of rifding particularly adapted for the most effec 
tiwe use of the invention does not decrease the 
flow area, of the tube, or materially weaken the 
tube wail. ? ') 

While in accordance with the provisions of the 
statutes I have illustrated and described herein 
the best forn of the inWention raow known to me, 
those skilled in the art will understand that 
changes may be made in the form of the tube 
disclosed without departing from the Spirit of 
the invention cowered by my claims, and that 
my invenationa may sometines be used to adwarm 
tage ower only a portion of the tube Wall area. 

1I claim: 
1. A wapor generating tube coil consisting of . 

a series of side-by-side tubes of circular cross 
section serially connected at their opposite ends 
by rewerse bends, adjacent tubes hawing their in 
ner wall surfaces ?lternately rified in opposite di 
rections. 

2. As a new article of manufacture, a wapor 
generating tube for conducting a waporizable 
1liquid and itS wapor hawing a circular croSS-sec 
tion and a Series of shallow helical groowes formed 
in its internal wal] surface and uniformly spaced 

| circumferentially of the tube, said groowes being 
0 
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constructed of a size and shape prowiding an un 
obstructed' flow area at least 90% of the total 
flow area of the tube and a tube internal surface ' 
area not more than twice the internal surface 
area of an ungroowed tube of the Same maximum 
internal diameter. ^ 
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3. As a new article of manufacture, a wapor 

generating tube for conducting a waporizable liq 
uid and its wapor hawing a circular croSS-Section 
and a multiplicity of continuous helical groowes 
of uniform pitch formed in its internal wall sur 
face and uniformly spaced circumferentially of 
the tube, said groowes being constructed of a size 
and shape providing an unobstructed tube flow 
area, at least 90% of itS total flow area, and a 
tube internal Surface area, not more than twice 
the internal Surface area, of an Ingroowed tube 
of the same maximum internal diameter. 

4. As a new article of manufacture, a, wapor 
generating tube for normally conducting a 
waporizable liquid and its wapor in a high wapor 

.. liquid volumetric ratio having a circular cross 
Section and its internal Wall surface forrned in a 
multiplicity of alternating coratinuous helical 
groowes and lands of a relatively high uniform 
pitch and uniformly Spaced circumferentially of 
the tube, said groowes and lands being construct 
ed of a size and Shape prOwiding an unobstructed 
tube fdow area, at least 90% of its total flow area, a 
groowe depth not more than 10% of the maxi 
mum internal tube radius, and a tube internal 
Surface area, not more than twice the internal 
Surface area, of an urngroowed tube of the same 
maximum interna1 diameter. 

5. In a wapor generator, a, Substantially hori 
Zontal wapor generating tube of circular cross- : 

" section arranged to receive heat mainly. on one 
side thereof and normally conducting a waporiz 
able liquid and its wapor, said wapor generating 
tube hawing its internal Wall Surface formed in a, 
Series of shallow helical groowes pitched in a di 
rection tending to . cause liquid in the bottom of 
the tube to be lifted along the highly heated 
side of the tube and uniformly spaced circum 

• ferentially of the tube, and said grooves being 
constructed of a size and shape providing an un 
obstructed flow area of the tube at least 90% of 
itS total flow area. - ? 

6. In a wapor generator, a furnace, a substan-' 
tially horizontal wapor generating furnace wall 
tube of circular cross-Section arranged to receive 
heat mainly on one side thereof at relatively high 
rates of heat abSorptiora and normally conducting 
8, Waporizable liquid and its wapor in a high 
Wapor-liquid wolumetric ratio, said furnace wall 
tube hawing its internal wall surface formed in a 
nultiplicity of shallow helical grooves of uniform 
pitch in a direction tending to cause liquid in the 
bottom of the tube to be lifted along the highly 
|heated Side of the tube and uniformly Spaced cir 
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constructed of a size and shape prowiding an un 
obstructed tube flow area, at least 90% of itS total 
flow area, a groove depth not more than 10% 

' *of the maximum internal tube radius, and a tube' 
5 internal Surface area, not more than twice the · 

internal. Surface, area, of an ungrooWed tube of 
• the Same maximum internal diameter. 
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7. In a wapor generator, a wapor generating 
tube of circular cross-Section arranged to receiwe 
heat, at relatively high rates of heat , abSorption 
and normally conducting a waporizable liquid and 
its wapor.in a high Wapor-liquid Wolumetric ratio, 
Said wapor generating tube hawing itS internal 

.. wall surface formed in a, multiplicity of shalloW 
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5; helical groowes of uniform.pitch and uniformly 
spaced circumferentially of the tube, said grooweS 
prow?ding an unobstructed tube floW area, at least 
90% of the total floW area, and a tube internal 
surface area not more than twice the internal 
Surface area of an ungroowed tube of the Same 
maximum internal diameter. 

8. In" a wapor generator, a furnace, a wapor 
generating furnace. wall tube of circular crOSS 
section arranged to receiwe heat, from Said , fur 
nace at relatively high rates of heat absorption 
and normally conducting a, high welocity Stream 
of a waporizable iiquid and itS Wapor in a high 
wapor-liquid wolumetric ratio, Said Wapor generat 
ing furnace wall tube hawing its internal Wall Sur 
face formed in a multiplicity of alternating con 
tinuous helical grooWes and lands of relatiwely 
high uniform pitch and uniformly Spaced circum 
ferentially of the tube, said grooWes , and landS 
prowiding an unobstructed tube floW area, at least, 
90% of its total fdow area, and a, tube internal 
Surface area, not more ' than tWice the internal 
Surface area of an ungroowed tube of the Same 
maximum internal diameter. 

9. In a wapor generator, a wapor generating 
tube of circular cross-Section arranged to receive 
heat mainly on one Side thereof and normally 
conducting a high Welocity stream of a waporiZ 
.able liquid and itS Wapor in a high Wapor-liquid 
volumetric ratio, the internal wall Surface of Said 
tube having a multiplicity of continuous shallow 
helical groowes of relatively high pitch formed 
therein, said grooves being constructed of a, Size 
and shape prowiding an unobstructed tube floW 
area, at least 90% of the total floW area of the 
tube and a tube internal Surface area, not, .more 

· than twice the internal Surface area of an un 

cumferentially of the tube, sadd groowes being · 

grooved tube of the same maximum internal di 
ameter. 

HRWIN C, BAIIBY. 


