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Abstract:

The heat transfer and related parameters of a direct contact steam-water condenser were investigated in
this study. In the steam-water system, steam was injected directly into flowing water, whereupon
bubble collapse and heat transfer took place. Knowledge of the phenomena taking place in the
condensation region and of the volume in which condensation and heat transfer took place were the
investigation goals.

Three approaches were used to investigate these phenomena: volu- metric heat transfer coefficient
calculations and comparisons, variable volume region analyses (volume in which heat transfer took
place), and three-dimensional temperature analyses of the system.

The heat transfer by condensation in the condenser was found to be only one of the essential system
variables. The mixing upon steam injection, coalescence of bubbles upon injection, and the turbulence
caused by steam and water-flow rate stream interactions, were also found to be variables of paramount
importance to the heat transfer process. Predictive trends upon all of these variables and the interactions
between them were advanced.
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ABSTRACT

The heat transfer and related parameters of a direct contact steam-
water condenser were investigated 1n this study. In the steam-water
system, steam was injected directly into flowing water, whereupon bubble
collapse and heat ‘transfer took place. EKnowledge of the phenomena taking
place in the condensation region and of the volume in which cendensation
and heat transfer tock place were the investigation goals.

Three approaches were used to investigafe these phenomena: volu-
metric heat transfer coefficient calculations and comparisons, variable
volume region analyses (volume in which heat transfer took place), and
three-dimensional temperature analyses of the system.

The heat transfer by condensation in the condehser was found to be
only one of the esséntial system variables. The mixing upon steam in-
jection, coalescence of bubbles upon injection, and the turbulence caused
by steam and water -flow rate stream interactions, were also found to be
variables of paramount importance to the heat transfer process. Predic-
tive trends upon all of these variables and the interactions between them
were advanced.

"t




INTRODUCTION

Steam-water systems are foﬁnd in a variety of industrial operations
today. The idea of injecting steam into water in a direct contact pro-
cess has been in use for many years. An example of such a process 1s a
spafged steam distillation column. In such processes; there has been
1ittle specific study on the mechanism .of the intiméte heat transfer, mix-
iﬁg, and fluid dynamics of .such systems. Specifically, the region of con-

densation of such processes has received little consideration.

In this study, a steam-water condenser was chosen for investigation.
The study of the heat transfer that took place at the point of injectioﬁ
of the stean into flowing waterlwas of particular interest. 'Also, a bet-
ter understanding of this region of the condenser and the voiume,in which

the condensation took place was desired.

Although no specific work has been done on this exact system,

certain aspects of the system have been treated by other experimenters.

Sidesman, et al., (%) was one of the most important contributors to
the knowledge of direct oénﬁact heat transfer with change of phase. He is
one of the few experimenters to make his studies using a volumetric heat
transfer coefficient similarly defined to the one used in this study.
Although his system dinvolved the ihjeotion of liquid penténe into water
(where the peﬁtane was evapo:ated), he presented .infermation indicating
that sufficient coalescence in bubble injection-can eliminate the effect

of initial bubble diameter on the heat transfer coefficient. Since the
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steam in this study was injected into the condenser at high.flow rates,
coalescence was obviously taking place. This factor must then be taken

into account when evaluating the system parameters.

Levenspiel (6), in his work on the collapse of steam bubbles, has
presented an empirical relationship for determining the bubble collapse in
a steam-water system. Although his study was concerned with single bubbles,
this expression was useful for determining bubble life in both the ana-
log computer simulation and in describing the high density bubble region

found in the system.

Florschuetz and Chao (2) have proposed a mechanism for vapor bubble
collapse. They found that the mechanism of collapée could be divided
into the following categories: 1) where the mechanism for collapse 1s
controlled by liquid inertia; 2) where the controlling mechgnismris heat
transfer from the bubble to the liguid; and 3) an intermediate case where
both effects are of comparable importance, Also, they discussed the effects
of bouyant forces on bubbles in a normal gravitational field. They found
that these forces gave rise to appreciable translational velocities. A
consequence of these velocities was to enhance heat transfer and thus,
collapse rate. Although their study was made under conditions of zero
gravity upon single bubbles or éhains of single bubbles, it presented a

very thorough background in the steam-water area.

Krevelen and Hoftijzer (4) also have done related work on single

bubbles and chains of single bubbles. The aspects of their experimental




. .
correlation, which concerned Reynolds Number and critical flow rate in
terms of a theoretical bubble- diameter, were very helpful in this study.

These correlations were used in calculation of heat transfer coefficients

and..in the analog computer simulation.

An annotated bibliography by Kepple and Tung (3) was used to obtain
background material for this work. Although very extensive, little work

was found related to this investigation.

)

Articles by Westwater (1) and Lackey (5) as well as a text by Tong
(8) were also consulted for related ideas. Again, no specific information

relating to this study was found.

.The study of the various phenomena taking place in the intimate
steam-water region was carried out by several methods. First, the volu-
v-metric heat transfer coefficient for the system was determined. Then these
~coéfficients were compared to one another with funétions such as steam
‘and recycle flow rates. This was done to describe basically the system

and determine its important variables.

In the second method of investigation, the volume in which the heat
transfer took place was studied. This was nécessary in erder to obtain a
more detailed view of the heat transfer taking place and to ascertain what
parameters were most influencial.in‘fhis region. An analog computer simu~
lation of the systeﬁ was compared to the experimental volume regions to aid

in the identification of these parameters.
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The final method of investigation was to make an analysis of the
system in terms of three-dimensional temperature profiles. Experimentally,
this was accomplished by using a "point" thermocouple. This was done for
2ll the steam addition methods. These profileé were analyzed in terms of
observed regions in order to verify the important parameters of the

system.

This study was accomplished by use 6f.the equipment described in

the Apparatus and Procedure section.




APPARATUS AND PROCEDURE

A detailed drawing of the condenser, a flow diagram of the entire
system, and sketches of the four steam additions used in this system, are

found in Figures 1, 2, and 5, respectively.

A clear plastic 3-11/16-inch tube was used ags the condenser for
this experiment. Recycle water entered the top of the condenser from the
constant head tank, flowed through the condenser vertically downward, and
‘out the bottom of the condenser to the recycle pump. Thermocouple Wells;
consisting of 1/16-inch Swagelok fittings containing rubbergeﬁfyd%;, were
installed on each side of the condenser 180° apart. They,ﬁefe staggered
vertically above and below thelsteam inlet so that readings could be taken
at one-half inch intervals. Figure 1 shows a detailed sketch”of the loca-
tion of these wells. Thermocouples used in these wells were Honeywell
Thermocouples, Type 231M13P12-5. These thermocouples were 1/16-inch,
stainless steel sheaved, iron-constantan type, giving average readings
over approximately one-inch of metal. 1In the latter part of the study these
commercial thermocouples were replaced. by "point" thermocouples. These
"point" thermocouples gave more precise readings hecause they gave a
reading from a small bead of metal. The "point" thermocouples were con-
structed by fusing the end of a piece of iron-constantan thermocouple wire

and sealing the lead wire in a 1/16-inch tube.

Steam was injected into the condenser 24 .5 inches from the boettom
of the four-foot condenser through a 1/4-inch Swagelok fitting. Copper

tubing (1/4-inch) connected the Swagelok to a 1/2-inch pipe line. There
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were also a 30 psi Bourdon gage, a 3/16-inch orifice, and a 1/2-inch needle
valve located on this steam line. Steam was added by four methods: steam
“initially injected directly inte the stream perpendicular to the water
flow- (90°), steam directed upward into the flow (51°), steam directed down-
ward into flow (i29°), and steam directed countercurrently into water flow.
(Angles stated are thdse subtended by'initial steam direction from vertical
wall.) Figure 3 éhows sketches of the -various sfteam addition methods used

in this study.

A thirty-gallon mixing tank was located above the condenser in order
to prevent channeling and changes in inlet temperature. A five-gallen
constant head tapk,was attached to the top of the condenser to allow uniform
flow .into the condenser. Flow between the mixing tank and constant head
tank was accomplished by gravitational flow through a submerged 1-1/4-inch
pipe. A 1-1/U-inch pipe was attached to the lower part of the condenser
to carry water to the pump. Approximately 3/4-foot of rubﬁer tubing was
used.in this pipe section to isolate the condenser from pump vibrations.

A gpecific diagram of the condenser and a flow diagram of the process

appear iﬁ Pigures 1 and 2, respectively.

After passing though the pump, water was recycled into the mixihg
tank. A 5/8-inch orifice was located in this line to measure flow rafe.
A frésh water line, beginning at a censtant head ftank and containing a
‘1/4-inch orifice, was joined inte a tee éonnecting the fregh water line

to the recycle line.
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. Overflow drains (3/4-inch) were provided on all tanks and pressure
taps were installed on all major -lines. The orifices on the steam, recycle,

and fresh water lines were calibrated using a weigh -tank and liguid in

glass manometers.

An iron-constantan thermocouple system was employed in this study.
Stationary thermocouples were placed at the inlet and exit of the condenser

as well as in the steam line.

A Brown Potentiometer Pyrometer (Medel No. 156Xk5-P), self-bal-
ancing type, was used to obtain temperature measurements. (Repeatability

of readings was to within 0.1°F).

Epoxy resin was used to seal all metdl to plastic'surfaces of the

construction.

In first preparing the system for operation, the mixing tank was .
filled with hot water at a temperatﬁre higher than the desired operating
temperature. The valve on the line connecting the mixing and constant
head tank was opehed and the recycle pump was started. The system was
allowed to run untii flow rate control valves could be adjusted to cause
steady state operation. During this Opération the recycle rate desired

must be set.

When steady state was reached the steam line valve and the fresh
water valve were opened. At this time the mixer in the mixing tank had

to be started to prevent channeling of recycle and fresh water back into
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the system. Then the fresh water was adjusted so that the inlet tempera-
ture -into the condenser remained constant. Once the steady state was

reached, operating conditions were recorded and temperature readings at

various wells were taken.

.If other conditions were desired, steam and .fresh water rates were

changed and the same progedure was repeated.




INVESTIGATION AND RESULTS

Since the data of this investigatien is very helpful in under-
standing this discussion, a brief description of the tables in this study
follows. Tables I-XXIV give the temperature readings in the condenser
at their vertical location, fresh water rates, steaﬁ flow .rates, inlet and
exit temperatures, and estimated transfer region helghts for each run. At
the top of these tables sfeam addition method and recycle rate are given
to catagorize the runs,jor the reader. Tables XXV-XXVIII give volumetric
heat transfer coefficients for the runs of the previous Tables I-XXIV.
Steam addition method, temperature operating range, recycle rate, and
steam flow raté are also given to acquaint the reader with location of
original data. Tables XXIV-XXXIV indicate the height of the volumetric
transfer region above and below thé steam -injection point; Height of over-
all transfer region, steam .flow rate, and recycle rate also appear in these
Tables XXIX-XXXIV. Steam injeétion method and operating temperature
ranges are‘given at the top of these tables. Reyno%ds numbers for the

recycle rate (liquid phase through condenser) ranged'from 35 to 350.

The initial objective of the investigation was to determine the
volumetric heat transfer coefficients of the system. The equipment was

designed to study this parameter.

The volume in which the heat transfer took place was determined
from temperature profiles. Thermocouple readings at the various "wells"
were used to obtain these temperature profiles. The end limits of the

volumes were chosen to be temperatures which were equal with little fluc-
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tuation, to the inlet and exit temperatures of the condenser. Observa-
tions of the system (with respect to turbulence and bubble movement) were
used to determine where‘the temperature changes ceased. Temperature
readings were taken at the center of the condenser (assumed to be constant
across the condenser) in this part of the inveétigation and -in the follow-

ing volume study.

The temperature driving force of the condenser (/AT) was chosen as
the arithmetic mean of the saturated steam temperature upon entry inte the
condenser at 204°F (which is the boiling point at this elevation) less

the inlet and exit temperatures of the condenser.

AT = (204 - T exit) + (204 - T inlet)

2

The amount of heat added to the -system (QS) was the latent heat of
vaporization (at 204°F) times the steam flow rafe. Sensible heat effects,
as reasoned by Levenspiel in a similar application, were ignored here be-

cause of their small effects (1%).

Using the above experimental values, the volumetric heat transfer

coefficient was calculated with the following relationship:

h. = (BTU/£t> sec °F)
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The results of these calculations for the 90° steam addition are
shoewn in Table XXV. The initial data and operation conditions .for all

these runs are found in Tables .I-XII.

In Table XXV (1.965 i 10_3‘ft/sec recycle rate, operating ftempera-
ture 165°-170°F) certain inéreases in magnitude of the velumetric heat -
transfer coefficient are found that could not be accounted for in te?ms‘of
heat addition. 1In this case, values as large as 44 BTU/sec °F £t° were
found where readings averaged between 7—12 BTU/sec °F ft3. These in-
creases varied with steam.rate_and high values were -found in mid—rangé
steam flow rates. They did not correlate with steam rate increases.

These volumetric heat transfer increases or variable volume decreases
appeared at the above conditiens .in all runs performed in this study. .It
was these increases that prevented any predictive correlatioen between
volumetric heat transfer coefficient and system parameters (such as system

flow rates).

In Figure 9, a plot of the volumetric heat transfer coefficient
(hv) versus recycle rate -is given for the operating temperature range of
165°-170°F. Inconsistencies are illustrated in the volumetric heat trans-

fer coefficients .for increasing steam rates, as well as increasing.magni—

_3
tude for the recycle rate of 1.965 x 10 ft/sec.

It was then decided that parameters censidered in the above approach
were not the only major contributing factors to the system; therefore, a

different approach was necessary. A study of the variable volume itself
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was indicated. Since the heat added (QS) and the driving force (/A\T)
were values with little change in the previous calculations, there was
reason to assume that the volume study would lead to a discovery of the
additional parameters of the system, In an effort‘to differentiate be-
tween system characteristics and steam addition affects in the volume
fegion, different steam addition methods were employed. These-methods
includéd steam injected upward at an angle of 51° into the stream, steam
injected downward at an angle of 129° with the stream, and steam injected
into the center of the condensef countercurrent to the stream. The results
of these methods appear in Tables XIIT-XXIV. .Figure 3 shows these dif-
ferent steam addition methods. Tables XXVI-XXVIII give sample heat trans-
fer coefficients of these runs. (Since it was seen that correlations were
not possible in connection with volumetric heat transfer coefficients,
the calculations on the lgter runs are given fer every other data point.)
Data from all the runs, analyzed in terms of vQlume regions with reference

to steam .Injection point, appears in Tables XXIX-XXXIV.

*In all the methods except thé countercurrent addition method, the
volume was found t6 decrease at the 1.965 x i0-° ft/sec recycle rate. In
the counterourrént addition method, the beginning of a regien leading to
volume decreask could be seen but at different oﬁeréting conditions. The
first two points of Table XXXIV shoy these points. This differééce in
conditions of Vélume decrease was due to a difference in steam flow rate.

The countercurrent method had significantly less steam quantity than the

others.
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Tables XXIX-XXXIV also show that the entire volume region moved about
the steam injection point, i.e., 1.965 x lO”Z'ft/seé recycle rate, Table
XXX. At the conditions of most severe velume decresgse, i.e., 1.965 x 10-3
ft/sec recycle rate, Table XXIX, the volume region seemed to decrease con-
.vergently upon the injection point. In all systems it was found, as ex-
pected, that at low recycle rate and higher steam rates the volume region
was somewhat above the'ihjection point. At high recycle ratés the volume'

region was lowered, .except for the highest steam rate. .

Since it was then established that ether variables were affecting
the system, an analog computer simulation was employed in order to better

determine these variables.

It was thought that upon emergence into the stream, a bubble would -
begin collapsing. After a certain period of rising, the bubble would de-
crease to a point where'the superimposed recycle velocity woula sweep the
bubble downward accounting for temperature changes below the steam inlet.
Thus the bubble would rise initially when large, then would be forced
downward after a certain amount of collapse. By predicting collapse rate
and superimposing the recycle velocity upon bubble callapse mechanism,

temperature profiles could be obtained to compare to experimental values.

* The following theoretical treatment was used to simulate the
system for the collapse of a bubble in a liquid:
1. For a steam bubble in a stagnant liquid, the following -force

balance was used:




du = -g(l - /%fjs) - 9/8 /9u24/98 D, e

-15-

mdu = (m-w) g - drag force (1)

From the work of Krevelen and Hoftijzer, the drag force was

determined as:

drag force = 9 eu?;
m

PeP
Substituting into equation (1) gives:
du =-gH--f@09 - 9pu? (2)
e 8 PgD

For a collapsing steam bubble, Levenspiel (6) indicated that:

-1

dl - = /.00 -1
ain D) - m 7.08 t (sec)
ae
dD = 7.08.t,d0 A
D
D e
: doe
4{// dD = 7.08 ty
o D ,
iInD =7.08 &, ©
Dg
7.08. 6, ©
D = Dy e
Substituting into equations (2) gives:
7.08 t.90

de
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Where Do is given by Krevelen and Hoftijzer (4) as:

2 1/5

Initial conditions © = 0
y=0

ae

However, the system studied in this investigation was a flowing

medium; therefore, to translate bubble position:

lv y

ol oo X
B EEI AL, 2 :
: ODO <—— Steam
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Using equations (4) and (5), bubble displacement can be calculated.
In the development of these equatipns the value of the recycle flow rate
has been superimposed upon the equations for a collapsing bubble. These
collapsing bubble equations were Qeveloped in a stagnant liquid. This was

done to simplify the development so it could be programmed.

Once the system was programmed on the analog computer and bubble dis-
placement was calculated with respect to distance and time, it became ob-
vious that the aevelOpment was not adequately describing the system. The
theory gave a calculated bubble displacement of inyxj/lo of an inch at
experimental conditions whioh gave maximum volume region; however, experi-
mental data.inaicated'température changes as far as eleﬁen inches frdm

the injection poeint.

From the results of the analog computer simulatioﬁ,;if was surmlsed
that the heat transfer problem was only one of several contributing factors
to the system. The effects of the coalescence and turbulence caused by
the steam injection, and of the interaction of steam and recycled water
streams at higher flow rates were now concluded to be of equal importance

to the heat transfer problem.

Since it was now verified that these other factors were present, a
more intpicate analysis of the systém was ﬁeeded. A simple thermocouple,
made of iron-constantan thermocouple wire fused at one end and sealed intq
a very small tubing, was used to obtain the temperature readings necessary

for this probe. With this "point" thermocouple, a horizontal and vertical
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three-dimensional probe of any steam addition methed could be obtained.

The results of these probes, as well as dimensioned sketches of these
systems made during dperation, are found in Figures 4.7. Results of a
probe on the 1.965,x 10°° ft/sec recycle rate run (the céndition at which
volume decreased in earlier cases) aretfound in.Figure 8. 1In Figures
4-8, data for each system is given in terms of distance across the conden-

ser at the actual positions where readings were recorded.

In all of the above probes, the previous volume regions were shown
to consist of several smaller regions. A high temperature high bubble
population region was always found protruding into the stream at the steam
injection pdint. This region was least affected by mixing and tufbulence
and seemed dependeﬁt‘onlj upon.steam:flow rate. Observations on this
region during runs substantiated the above analysis. Surrounding this
region an intermediate temperafure and bubble population region was re-
corded. This regionjwas distorted by the various mixing and turbulence
situations and altered.in magnitude and direction upon steam flow .rate
changes. This region was observed to contain an intermediate bubble popu-
lation and was influenced by steam rate magnitude through bubble population.
In the larger magnitude steam flow rate additions, turbulent mixing re-
gions above and/or below the intermediate region were recorded. These
disturbances diminished at lower steam rates or when optimum conditions

.were reached between steam and recycle streams. In these regions bubbles

were generally absent. They were strictly caused by streém interactions.
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In the ceuntercurrent method, a small cone was found to exist. This
was a very high temperature region and .from observation it was found to be
a high buﬁble population region. Above and surrounding this cone was 2
second region. Above this second region a turbulent mixing zene was found
lying across the entire condenser. Below the steam injection point, little
temperature change was found.. Horizontally, two zones were noted approach-

ing the center. Results and a sketch of this system are found in Figure 4,

In the probe of the system in which steam was injected at an angle
of 51°, similar shapes and zones were found.‘,A larger high temperature
and bubble pOpulatioh'region was found. It was directed upward into the
flow. Surrounding this was the second region extending out.and up into
the tube. It was'deformed élightly due to recycle flow rate. Around and
above this second region, turbglent mixing existed. 4Again, below the in-
Jection point little temperature change was found. Two similar horizontal
regions existed approaching the center. Results and a sketch of this

system are found in Pigure 5.

. In the probe of the system in which steam was injected at an angle
of 129°, similar shapes and zZones were again observe@. In this system,
very little temﬁeréture change or turbulence was found ahove the steam .in-
jection point. However, below the injection point, a larger amount of tur-
bulent mixing was recorded. These differences were probabl& due to cocurrent
rather than countercurrent steam addition methods. This would tend to carry

the condensation regioen and volume region downward. Also, a high tempera-'
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ture region, surrounded by a .larger irregular shaped intermediate tempera-
ture region, was regorded. Turbulence and temperature%fluctuations were
Facsyraag.. up Lo ten inches below the steam injection pﬁipt. Two horizontal
regions were found to exist approaching the center of the condenser. Re-

sults and a.sketch of this system are found in Figure 6.

In the -straight steam addition system (steam injected at an angle
of 90°).the greatest amount of turbulent ﬁixing was obsgrved. The High tem-
perature high bubble population region also existed further across the con-
denser. The intermediate temperature and bubble region existed above, be-
low, and around the high temperature core. Turbulent regions were found
surrounding the intermediate region. They were much larger than previous
regions of this type. Results and a sketch of this system appear in

Pigure 7.

.In the probe of the 1.965 x.lO'3 ft/sec recycle rate system (Table
III), whére~volume decrease (or volumetric heat‘transfer increases) had
previously appeared, significant differences were fouﬁd. The turbulence,
mixing, and temperature fluctuations were found to exist in a .much smaller
region than .in premious'studies. .In fact, significantly smaller amount of
turbulence and temperature fluctuations were found. From the data and ob-
servations .found in Figure 8, it was concluded that the reasons for these
irrégularities must have been due to the relationship between steam and
recycle flow rates. At the conditions of the run (Table III) these flow

rates were the proper values to cause the least amount of interaction.
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From the volumetric heat transfer coefficient study, it was apparent
that the coefficient was not representative of the phenomena taking place.
From the analog computer study, the heat ﬁransfer process approximgtion
(based upon a bubble collapse mechanism) pointed out the. fact that mixing,
coalescence, and turbulence were essential factors totbe cqnsidered. ‘The
variable volume and temperature probe studies showed the reiationship of

&,
these mixing and turbulence parameters and their effect upon the system.

FProm this discussion and the data, .1t was apparent that the mixing
process, which was involved in the condensation region, was a significant
system parameter. Due to this mixing problem, the mechanism of heat trans-

fer in the condensation region could not be analyzed completely.




CONCLUSION

Thé volumetric heat transfer coefficient and analog computer studies
indicated that the heat transfer process was not the only parameter of the
system and that opher variables were involved. Also, the analog study in-
dicated that the simple bubble collapse mechanism used was not sufficient to

take into account the factors caused by the coalescence of the steam.jet.

“

From use of the different steam addition methods, .1t was learned
that the miiing and turbulence.of'the system were affected by the steam intro—'f
duction method. The relationship between steam and recycle flow .rates was
also found to affect mixing and turbulence in the variable volume analysis.
An optimum relation b;tééen these flow rates was found to exist at the
1.965 x 107> fp/sec reoycle.ratev(909 system, optimum temperature 165-
175°F), where the volume of heat transfer was minimized with the same amount

of heat addition as previously stated.

Probes of the systems indicated that the previous variable volume
region, in which heat transfer took place, consisted of several smaller
regions. A high temperature high bubble population region was the first .
of these. It was the region least affected by mixing and turbulence. Sur-
rounding this, an.intermediate bubble population region was recorded. It
was this region that was most affected by the mixing and turbulence. The
shape and size of this region indicated the prominence of these mixing and
turbulence variables for a given case. Turbulent.zones surrounding this
intermediate region weré found to indicate the aﬁ;unt of turbulence and
mixing problems under specific operation conditions. No bubbles were found

in this latter region.




RECOMMENDATIONS

The construction.of a more durabie apparatus is one way.in which
this study could be advanced. This would permit higher temperatures in
the recycle stream and use of hot water in place of steam when necessary.
In this way the volumetric heat transfer coefficient would better represent
the system and the effects of the mixing process could be separated. An
example of a more durable apparatus could be a metal conduit with glass

port holes at the condensation point.

Better temperature measurements through use of a better potentie-
meter could also aid in a probe of the system. 0Oscilloscope use on tem-
perature fluctuations might be helpful in determining_bredictive equations

for the system.

Photographs of the bubble regions would aid in determining a better
mechanism for bubble collapse. This, in turn, would aid predictive efforts

in describing the mixing and heat transfer proecesses,
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Table I. Temperature Profiles and Operating Conditions at 7.2 x 1072
ft/sec Recycle Rate with Steam Injected at an Angle of 90°.
(See Figure 1 for Nomenclature of this Table).

Fresh Water

Rate (#/hr.) 4.0 43,1 86.4 115.1 14,
Steam Flow . _
Rate (#/hr.) 52.5 62.5 77.5 92.5 - 115.
Inlet Temp. ‘ o
(°R) 166.0 164 .4 164.5 164.5 162.
Exit Temp.
(°F.) 167.2 166.0 167.0 167.0 165.
Estimated
Height of
Transfer
Region (in.) 9.5 8.5 11.5 11.5 11.
RU 13
LU 12
RU 11
LU 10
RU 9
w 8 '
RU 7T 166°F. : 164 . Uu°F L 164.5°F . 16%.5°F 162,
LU 6 ‘ ' . ‘
LU 4 166°F. 164 .47 {164.5°F. 164.5°F, 162.
RU 3 166°F, 164 .4°R, L164.5°F. 164.6°F. 162
LU 2 166°F. 164 .4°F, 164 .5°F 164 .5°F, 162.
RU 1 166.1°F 164.7°F. . 165.0°F 165.0°F. 163.
Zero o
RD 1 168.1°F. 166.7°F. 167.2°F 167.3°F. 165.
LD » 167.3°F. 166.3°F, 166.9°F 167.0°F. 166.
RD 3 167.2°F 166.2°F. 166.3°F 166.8°F. . 165.
D 4 167.4°F 166.15°F.  166.5°F 166.8°F. 165.
RD 5 167.1°F 166.1°F. 166.5°F 166.6°F. 165.
LD 6 167.3°F 166.0°F. 166.5°F 166.8°F. 165.
RD 7 167.1°F 166.0°F. 166.6°F 166.8°F, 165.
Lp 8 167.2°F. 166.0°F. 166.9°F 166.9°F. 165.
RD 9 167.25°F. 166.0°F. 166.9°F 166.9°F. 165.
LD 10 167.2°F. 166.0°F. 167.0°F 167.0°F. 165.
‘RD 11 167.2°F 166.0°F. 167.0°F 0°F. 165.

167.




Table II. Temperature Profiles and Operating Conditions at 4.59 x 10
ft/sec Recycle Rate with Steam Injected at an Angle of 90°.
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(See Figure 1 for nomenclature of this Table.)

Fresh Water
Rate (#/hr.

Steam Flow

Rate (#/hr.

Inlet Temp.

(°F)
Exit Temp:
(°F)

Estimated
Height of
Transfer

Region (in.

RU 13

RU 12

RU 11

LU 10

RU 9

v 8

RU 7 164.
LU 6

RU .5

LU 4 164.0
RU 3 164.0
Lu 2 164.0
RU 1 164.1
Zero

RD 1 166.6
ID 2 165.2
‘RD 3 165.1
LD 4 165.0
RD 5 165.1
ID 6 "165.1
RD 7 165.2
LD 8 165.4
RD 9 165.4
LD 10 165.4
RD 11 = 165.4
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Table III. Temperature Profiles and Operating Conditions at 1.965 x 10~
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3

- .ft/sec Recycle Rate with Steam Injected at an Angle of 90°.
(See Figure 1 for nomenclature of this Table.)

Fresh Water

Rate (#/hr) 28.8 57.6 86.4 72.0 115.0
Steam Flow ,
1~ Réte - (#/hr) 52.5 62.5 78.3 93.0 115.0
Inlet Temp.
(°F) 167.5 . 171.0 171.0 170.4 170.2
Exit Temp. .
(°F) 170.0 174.0 175.0 175.1 176.0
Estimated
Height of .
Transfer _
Region (in.) 3.0 3.5 5.5 . 3.5 h.5
RU 13
LU 12
RU 11
LU.10
RU 9
Lu 8
RU 7
v 6
RU 5 167.5°F 171.0°F 171.0°F 170.5°F 170.2°F
LU 4 167.5°F 171.0°F 171.0°F 170.5°F 170.2°F
RU 3 167.5°F 171.0°F 171.0°F 170.5°F 170.8°F
LU 2 167.5°F 171.0°F 171.0°F 170.6°F 171.2°F
RU 1 167.5°F 171.2°F 171.1°F 171.0°F 173.0°F.
7Zero -
RD 1 170.1°F 174 4 °F 175.1°F 175.3°F 176.0°F
‘LD 2 170.1°F 174.0°F 175.0°F 175.1°F 176.0°F
RD 3 170.0°F 174.0°F 175.0°F 175.1°F 176.0°F
LD W 170.0°F 174,0°F 175.0°F 175.1°F 176.0°F
‘RD 5 170.0°F 174.0°F 175.0°F 175.1°F 176.0°F
ID 6 170.0°F
RD 7 170.0°F
LD 8
RD 9
LD 10
RD 11
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Table IV. Temperature Pfofiles and Operating Conditions at 0.983 x 10-7°
ft/sec Recycle Rate with Steam.Injected at an Angle of 90°.
(See Figure 1 for nomenclature of this Table.)

Fresh Water

[=]

[e]

o

o

o

[e]
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Rate (#/hr) 28.8 57.6 86.4 115.0. 172.8
Steam Flow
Rate (#/hr) 52.2 62.5 . 78.3 93.2 115.0
Inlet Temp. ] -
(°F) 165.5 164.5 165.0 165.0 165.0
Exit Temp.’
(°F) 169.5  169.9 171.0 171.0 172.2
Estimated
Height of
Transfer
Region (in.) 9.5 9.5 11..5 9.5 4.0
RU 13
Lu-i2
RU 11
LU 10 -
RU 9° 165.5°F 164.5°F 165.0°F 165.0°F 165.0
LU 8 165.5°F 164.5°F 165.0°F 165.0°F 165.0
RU 7 165.5°F 164.5°F 165.0°F 165.0°F 165.0
W 6  165.5°F 164.5°F 165.5°F 165.0°F 165.9
RU 5 . 165.5°F 165.0°F 167.5°F 167.3°F - 167.0
w4 165.5°F 165,0°F 167.0°F 166.5°F 167.2
RU 3 166.2°F 165.5°F 169.0°F 168.2°F 169.0
LU 2 165.9°F 166.0°F 166.8°F 167.5°F 168.2
RU 1 165.5°F 166.0°F 168.5°F 169.0°F 171.0
Zero : ..
RD 1 170.0°F 170.0°F 170.5°F 170.8°F . 171.5
LD 2 169.0°F 170.0°F 170.2°F 170.9°F 172.0
RD 3 169.1°F 169.9°F 170.0°F 171.0°F 172.0
LD 4 169.0°F 169.9°F 171.0°F 171.0°F 172.0
RD 5 169.5°F 169.9°F 171.0°F 171.0°F 172.0
D 6 169.5°F 169.9°F 171.0°F 171.0°F 172.0
“RD T 169.5°F 172.2
ID 8 169.5°F 172.2
RD 9 169.5°F 172.2
169.5°F 172.2
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Table V. Temperature Profiles and Operating Conditions at 7.2 x 1077 ft/sec
Recycle Rate with Steam Injected at an Angle of 90°. (See Pigure 1
.for nomenclature of this Table.)

Fresh Water

Rate (#/hr) 57.6 115.0 173.0 230.0 432.0
Steam Flow . '
Rate (#/hr) 51.0 52.5 77.5 92.5 115.0
Inlet Temp.
(°F) 145.0 ©145.0 MY L5 145.0 145.0
Exit Temp. :
(°F) 146.8 146.9 146.6 7.1 ©148.0
Estimated
Helght of
Transfer 4
Region (in.) 5.0 L.5 5.0 2.5 8.0
RU 13
LU 12
RU 11
LU 10
RU 9
v 8
RU 7 ,
LU 6 145,0°F 45.0°F UL 5°F 145.0°F 145,.0°F
RU 5 145,0°F 145.0°F 4L, 5°F 145.0°F 1U5,0°F
LU 4 154.0°F 145,.0°F UL . 5°F 45.0°F 145.0°F
RU 3 145.0°F 145,0°F "1k, 5°F 145.0°F 1L5,0°F
LU 2 145.0°F 145.0°F 1y, 5°F 145.0°F 145.5°F
RU 1 145,0°F 145.0°F 144, 5°F 145.0°F 146.0°F
Zero
RD 1 147,0°F 147.0°F U7.0°P 148.0°F u8.0°F
LD 2 . 146.2°F 146.2°F 146.0°F m7.1°F 147.5°F
RD 3 146.3°F 146.1°F 146.2°F WT7.1°F W7.2°F
LD 4 146.5°F 146.9°F U46.1°F 147.1°F 1n7.8°F
RD 5 146.8°F 146.9°F 146.6°F WT7.1°F 148.0°F
ID 6 146.8°F 146.9°F 146.6°F 47.1°F 148.0°F
RD 7 146.8°F 146.9°F 146.6°F 47.1°F 148.0°F
D 8
RD 9
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Table VI. Temperature Profiles and Operating Conditions at 4.59 x 10~3
ft/sec Recycle Rate with Steam Inected at an Angle of 90°.
(See Figure 1 for nomenclature of this Table.)

Fresh Water

Rate (#/hr) 86.4 144 .0 4ok .o 461.0 519.0
Steam Flow )
Rate (#/hr) 52.5 61.3 78.2 92.5 115.0
Inlet Temp. .
(°F) 138.0 1%39.0 138.0 ~138.0 137.5
Exit Temp. :
(°r) 139.5 140.0 1.0 141.0 41.0
Estimated
Height of
Transfer
Region (in.) 5.5 5.5 10.0 6.0 7.0
RU 13
LU 12
RU 11
LU 10
RU ‘9
L 8.
RU 7
v 6. 138.0°F 139.0°F 138.0°F 138.0°F 137.5
RU 5 138.0°F 139.0°F 138.0°F 138.0°F 137.5
LU U4 138.0°F 139.0°F 138.0°F 138.0°F 137.5
RU 3 138.0°F 139.0°F 138.0°F 138.0°F 138.0
RU 1 137.5°F 139.5°F 138.5°F 138.5°F 138.5
Zero
RD 1 140.5°F 142.0°F 141.0°F 1%42.0°F 41,5
LD 2 140.0°F 140.0°F 140.0°F 140.5°F 41,0
.RD '3 139.1°F 140.5°F 139.9°F 140.0°F 141.0
1D 4 1%39.5°F 141.0°F 140.1°F 140.0°F 141.0
RD 5 - 139.5°F 141.0°F 140.0°F 141.0°F 141.0
LD 6 139.5°F 141.0°F 140.5°F 141.0°F 141.0
RD 7 139.5°F 141.0°F 140.5°F 141.0°F 141.0
LD 8 140.61°F
RD 9 141.0°F
LD 10 : 141.0°F
RD 11 . A41.0°F
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Table VII. Temperature Profiles and Operating Conditions at 1.965 x.1077
ft/sec Recycle Rate -with Steam . Injected at an Angle of 90°,
(See Figure 1 for nomenclature of this Table.)
Fresh Water
Rate (#/hr) 115.0 1.0 288.0 346.0 h61.0
Steam Flow
" Rate (#/hr) 52.0 61.3 77.5 92.5 115.0
Inlet Temp.
(°r) -+ 139.5 140.0 .138.5 1138.0 .138.0
Exit Temp. '
(°m) . 2.0 - 143.8 1U2.5 U2.5 143.1
Estimated
Height of
Transfer
Region (in.) 7.0 ' 7.5 4.5 8.0 9.0
RU 13
LU 12
RU 11
LU 10
Ru 9
Lu 8 139.5°F 140.0°F
RU 7 139.5°F 140.0°F 138.0
LU 6 1%9.5°F 140.0°F 138,0°F 138.0
RU 5. 1%9.5°F 140.0°F 138.5°F 138.0°F 140.0
LU 4 139.5°F 140.0°F 138.5°F 138.5°F 140.0
‘RU 3 139.5°F 141.0°F 138.5°F 1%39.0°F 141.0
LU 2 139.5°F 141.0°F 138.5°F 139.0°F 141.0
‘RU X 139.5°F 1L2.0°F 138.5°F 140.0°F 1U1.5
Zero
RD 1 143.0°F U4, 0°F 143.0°F 143.0°F -143.0
LD 2 141.0°F 143.2°F 142.0°F U2, 1°F 43,1
‘RD 3 141.3°F 143 .8°F 142.0°F U2.5°8 L1431
LD 4 41,5 <143 .8°F W2.5°F -142.5°F 143, 1
RD 5 141.5°F 143%.8°F 142.5°F 1U2.5°F
ID 6 -141.8°F 12.5°F
‘RD 7T U2.0°F
1D 8 1U2.0°F
RD 9 U2.0°F
LD 10
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Table VIII. Temperature .Profiles and Operating Conditions at 0.983% x 10-3

. ft/sec Recycle Rate with Steam.Injectéd at an Angle of 90°.
(See Figure 1 for nomenclature of this Table.)

Fresh Water

el e B e B B e

Rate (#/hr) 115.0 173.0 230.0 Yokl.o 461.0
- Steam Flow _
Rate (#/hr) 52.5 . 6l1.1 77.5 92.5 115.0
Inlet Temp. .
(°F) 1.0 140.0 141.5 138.0 138.0
Exit Temp. 4 ,
(°F) 145.5 145.5 149.0 146.0 ART.0
Estimated
Height of
Transfer
Region (in.) 9.0 7.5 9.0 7.0 6.5
RU 13
LU 12
RU 11
LU 10
RU 9 141.0°F -140.0°F 141.5°F
w 8 141.0°F 140.0°F 141.5°F 138.0°F "138.0°
RU 7 141.0°F 140.0°F 141.5°F 138.0°F 138.0°
v 6 141.0°F 140.0°F 141.5°F 138.2°F 138.0°
RU 5 141.0°F 140.0°F 143.0°F 138.7°F 1%8.3°
LU 4 141.0°F 140.0°F 143.5°F 139.9°F 139.2°
RU 3 143.0°F 142.0°F 144, 0°F 140.5°F 140.8°
U 2 1U43,.0°F U42.2°F 44 .8°m 141.5°F 141.8°
RU 1 144, 5°F 144, 0°F 145.0°F 142.0°F 142.0°
Zero )
RD 1 145.0°F 146.0°F 148.5°F 146.0°F 147.0°F
ID 2 145.0°F 145.0°F 149.0°F 146.0°F SAT7.0°F
RD 3 "145.0°F 145.5°F 149.0°F - 146.0°F F147.0°F
1D 4 145,5°F 145,5°F 149.0°F 1L46.0°F 147.0°F
‘RD 5 145.5°F 145.5°F -
ID 6 145.5°F
“RD 7
;LD 8
RD 9
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Table IX. Temperature Profiles and Operating Conditions at 7.2 % 10°7

‘ft/sec‘Recycle Rate with Steam .Injected at an Angle of 90°.
(See Figure 1 for nomenclature of this Table.)

Fresh Water

Rate (#/hr) NI 230.0 - 403.5 575.5 634.0
Steam Flow
Rate (#/hr) 51.2 62.5 77.5 97.8 115.0
Inlet Temp. .
(°F) ©126.0 125.0 127.0 127.0 127.0
Exit Temp. _
(°F) 127.0 127.0 129.0 129.0 130.0
Estimated
Height of
Transfer .
Region (in.) 6.5 10.5 6.5 4.5 " 11.5
RU 13
LU 12
RU 11
LU 10
RU 9
v 8
RU 7
LU 6 :
RU 5 126.0°F 125.0°F 127.0°F "~ 127.0°F 127.
LU 4 126.0°F 125.0°F 127.0°F 127.0°F 127.
RU 3 126.0°F 125.0°F . 127.0°F 127.0°F 1a27.
LU 2 126.0°F 125.0°F 127.0°F 127.0°F 128.
RU 1 126.0°F 125.0°F 127.0°F 127.0°F 127.
Zero )
RD 1 129.5°F 128.0°F 129.9°F 129.5°F 130,
‘LD 2 126.0°F 126.2°F 128 .4°F 128.5°F 128.
RD 3 126.5°F 126.4°F 128 .4°F 128.8°F 128.
LD 4 126.9°F 126.2°F 128.5°F 129.0°F ‘128
RD 5 126.9°F 126.5°F 128,5°F "129.0°F 129.
LD 6 127.0°F 126.2°F 129.0°F 129.0°F 129.
RD 7 127.0°F 126.9°F 129.0°F 129.0°F 130.
ID 8 127.0°F 126.5°F 129.0°F 1%0.
RD .9 127.0°F 126.9°F 129.0°F 130.
LD 10 127.0°F -130.
0°F

RD 11 127.
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Table X. Temperaturé Profiles and Operating Conditions at 4.59 x 10°73
ft/sec Recycle Rate with Steam Ingected at an Angle of 90°.
(See Figure 1 for nomenclature of this Table.)

Fresh Water _ '
Rate (#/hr) 14,0 230.0 499.5 690.0 921.0

OO OO
o 0o o o o

Steam Flow ‘ :

Rate (#/hr) 51.2 62.5 76.8 93.3 115.0

Inlet Temp.

(°F) 124.0 124.0 123.5 124,0 24,0

Exit Temp. ' . _

(°F) 125.3% 126.4 126.4 127.1 128.0

Estimated

Height of

Transfer .

Region (in.) 5.0 ~11.5 9.5 7.5 11.5
RU 13
LU 12
RU 11
LU 10
RU 9
w 8
RU 7
v 6 : _ _
RU 5 124 ,0°F 124.0°F 123.5°F 124.0°F iy,
LU U4 124..0°F 124.0°F 123.5°F 124.0°F 124,
RU 3 124 ,0°F 124.0°F 123.5°F. 124.0°F 124.
LU 2 124.0°F 124.0°F 123.5°F 124.0°F 124 .
RU 1 124 .0°F 124.2°F 124..0°F 125.0°F 124.
Zero .
RD 1 125.1°F 126.9°F 126.9°F 128.0°F 128.0
LD 2 125.0°F 126.0°F 126.0°F 126.0°F 127.0
RD 3 125.2°F 126.1°F 125.9°F 126.9°F 127.0
LD 4 125.2°F 126.0°F 126.2°F 126.9°F 127.4
RD 5 125.3°F 126.0°F 126.0°F 127.0°F :127.5
LD 6 125.3°F 126.0°F 126.2°F 127.1°F 127.7
RD 7 125.3°F 126.0°F 126.2°F 127.1°F 127.7
p 8 125.3°F 126.2°F 126.4°F 127.1°F 127.9
RD 9 126.2°F 126.4°F 127.1°F 127.9
LD 10 126.4°F 126 .4°F 128.0
RD 11 126.4°F 126.4°F 128.0
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Table XI. Temperature Profiles and dperating Conditions at 1.965 x 10-3
ft/sec Recycle Rate with Steam Injected at an Angle of 90°.
(See Figure 1 for nomenclature of this Table.)

Fresh Water

Rate (#/hr) 115.0 230.0 Lok .o 635.0 750.0
Steam Flow . )
Rate (#/hr) 52.5 - 62.5 78.0 93.3 115.0
Inlet Temp.
(°F) 125.0 123.0 123.0 123.0 122.5
Exit . Temp. )
(°F) 126.0 126.0 127.5 128.0 128.0
Estimated
Height of
Transfer ) ’
Region (in.) 5:0 5.5 9.0 11.0 11.0
RU 13
LU 12
RU 11
"LU 10
RU 9
LU 8 ~
RU 7 ) 122.5
LU 6 123.0°F 123.0°F 1225
RU 5 123.0°F 123.0°F 123.0
LU 4 124.0°F 123.0°F 123.0°F . 123.0°F. A3 U
RU 3 124.0°F 123.0°F 124.0°F ‘124, 0°F 125.0
LU 2 124 .0°F 123.0°F 124.1°F 124.0°F 123.8
RU 1 124.0°F 123.1°p 124, 2°F 124.2°F 125.0
Zero .
RD 1 126.5°F 126.0°F 128.0°F 128.0°F 127.0
LD 2 125.2°F 125.2°F 126.8°F 127.0°F 127.0
RD 3 125.2°F 125.2°F 127.0°F 127.0°F 127.5
LD 4 125.5°F 126.0°F 127.5°F 127.5°F 128.0
RD 5 126.0°F 126.0°F 127.5°F 127.5°F 128.0
LD 6 126.0°F 126.0°F 127.5°F 128.0°F 128.0
RD 7 126.0°F 126.0°F 127.5°F 128.0°F 128.0
ID 8 126.0°F 128.0°F
RD 9 128 .0°F
LD 10

RD 11
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Table XII. Temperature Profiles and Operating  -Conditions at 0.983 x 10-3

ft/sec Recycle Rate with Steam Injected at an Angle of 90°.
(See Figure 1 for nemenclature of this Table.)

‘Fresh Water

(<]

o

o o o o o o o
oo e e

QU1 O OO O OoOuUWU,m

NN OO
© 0 0o o
= s == I

[\
o
o]

Rate (#/hr) . 115.0 202.0 uz2.5 576.0 750.0

Steam Flow '

Rate (#/hr) 49.9 61.8 7.5 - 9%.3 115.0 .

Inlet Temp.

(°F) 121,0 122.0 123.0 122.5 122.5

1 .

Exit Temp. . :

(°F) ‘ 124.9 128.0 129.0 130.0 131.2

Estimated

Height of

Transfer

Region (in.) 11.5 11.5 6.5 8.5 11.5
RU 13
LU 12
RU 11
LU 10
RU 9 122.5°F 122.
Lu 8 " 122.5°F 122.
RU 7 122.0°F 123.Q0°F 123.0°F 124,
L 6 121.0°F 122.0°F 123.0°F 123.0°F 123.
RU 5 121.0°F 123.0°F 124.0°F 124 .0°F 125.
LU U4 121.0°F 123.0°F 124.0°F 124.0°F 125.
RU 3 121.2°F 123.5°F 124.8°F - 125.0°F 127.
Lu 2 121.3°F 123.5°F 124 .5°F 126.0°F 127.
RU 1 121.5°F 124.0°F 125.0°F 126.0°F 128.
Zero
RD 1 124.0°F 128.0°F 129.0°F 130.0°F 130.
LD 2 123.0°F 127.1°F 129.0°F 1%30.0°F 131,
RD 3 . 123%.5°F 127.5°F 129.0°F 130.0°F 131.
ID 4 124.0°F 127.9°F 129.0°F 130.0°F 131.
RD 5 124.,0°F 128.0°F :
ID 6 124 . 5°F 128.0°F 131.
RD 7 124.9°F
LD 8 124, 9°F
RD 9
LD 10
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Table XIII. Temperature Profiles and Operating Conditions at 7.2 x 1077
' * ft/sec Recycle Rate with Steam .Injected at an Angle of 51°.

(See Figure 1 for nomenclature of this Table.)

Ffésh Water -

Rate (#/hr) 0.0 28.8 57.6
Steam Flow
Rate (#/hr) Uz.5 53.75 _ 56.25
Inlet Temp.. - .
(°F) 162.0 164.0 .163.0
Exit Temp. : .
(°F) . o 163.1 165.8 , 165.0
Estimated
. Height of
Transfer.
Region (in.) 5.5 5.0 7.5
RU 13
TULU 12
RU 11
LU 10
‘RU 9
Lu 8
RU 7
LU 6. 163.0°F
RU- 5 : 163.0°F -
LU 4 162.0°F 164.0°F 163.2°F
RU 3 162.0°F 164.0°F 163.5°F
LU 2 162.0°F 164.0°F 163.4°p
RU 1 164.0°F 166.0°F 164.0°F
Zero S .
162.0°F 165.2°F 65.5°F
163.5°F .165.8°F 165.0°F
163.1°F - 165.8°F 165.0°F
163.1°F 165.8°F 165.0°F
163.1°F

PoOpHdEde o
Dugbuuouoioug
O O] Ul

el
To
o
- o

101.0

62.5

162.6

162.
162.
163.
162.
163.
163.
164,

164,
165.
165.
165.

165.0

9.0

o

O O N0 O ONON
o
o g e

o

OO0
[ o o o [
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Table XIV. Temperature Profiles and Operating Conditiens at 4.59 x 10-3
ft/sec Recycle Rate: with Steam Injected at an Angle of 51°.

(See Figure 1 for nomenclature of this Table.)

Fresh Water

Rate (#/hr) 0.0 28.8 57.6
Steam Flow
Rate (#/hr) bg.25 - 52.1 56.25
Inlet Temp.
(°F) o 167.0 . 166.8 167.5
Exit Temp.
(°F) . 168.1 168.8 169.2
Estimated
Height of
Transfer .
Region (in.) 7.0 9.5 9.0
RU 13
LU 12
RU 11
LU 10
RU 9
v 8
RU 7
L 6 166.8°F :
RU 5 166.8°F 167.5°F
LU 4 167.0°F 167.5°F
RU 3 167.0°F 167.0°F 168.0°F
L 2 167.0°F 165.4°F 168.0°F
RU 1 168.0°F 168.0°F 168.5°F
Zero :
RD 1 169.5°F 169.5°F 169.9°F
LD 2 168.5°F 169.0°F 1169.8°F
RD 3 169.0°F 169.0°F - 169.5°F
LD 4 168.1°F 168.8°F - 169.2°F
RD 5 . 168.1°F 168.8°F 169.2°F
LD 6 168.1°F 168.8°F 169.2°F
RD 7
D 8
RD 9
LD 10

“169.

86:5
62.5
166.5

169.0

13.0

]

166.
166.
167.
167.
168.
168.
169.

o]

o

o

]

[oNoNcNONeRE RN
[
= e s s s |

o]

o]

170.
168.
168.
168.
168.
169.

o <] [«]

o o

o

O O OO OO @
[
L= =S B B~ e IR B

169.
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Table XV. Temperature Profiles and Operating Conditions at 1.965 x 1077

ft/sec Recycle Rate with Steam Injected at an Angle of 51°.
(See Figure 1 nomenclature of this Table.)

Fresh Water

Rate (#/hr) 0.0 " 28.8 86.5 115.0
Steam Flow .
Rate (#/hr) u7.0 54.5 56.25 62.5
Inlet Temp.
(°F) 174.0 1745 173.0 173.0
Exit Temp.
(°F) 176.5 178.0 176.5 177.0
Estimated
Height of
Transfer _
Region (in.) 7.5 11.0 11.0 8.5
RU 13
LU 12
RU 11
LU 10
RU 9 174.5°F 173.0°F 173.0°F
v 8 174.5°F 173.0°F 173.0°F
RU 7 174.9°F 173.3°F 173.5°F
LU 6 174.0°F 175.0°F 173.5°F 173.8°F
RU 5 174.0°F 175.5°F 173.8°F 174.0°F
LU 4 174.0°F 175.8°F 174.0°F 174.5°F
RU 3 174 .5°F 176.0°F 174 .5°F 174 .5°F
LU 2 175.0°F 176.6°F 174.5°F 175.3°F
RU 1 175.0°F 1772.°F 174.9°F 176.0°F
zZero
RD 1 177.0°F 178.5°F 175.0°F 177.0°F
ID 2 177.0°F 178.0°F 176.5°F 177.0°F
RD 3 176.5°F 178.0°F - 176.5°F 177.0°F
LD 4 176.5°F 178.0°F 176.5°F 177.0°F
RD 5
LD 6
RD 7
LD 8
RD 9
LD 10
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Table XVI. Temperature Profiles and Operating Conditiens at 0.983% x 10>

ft/sec Recycle Rate with Steam Injected at an Angle of 51°.
(See Figure 1 for nomenclature of this Table.)’

Fresh Water

"Rate (#/hr) 0.0 28.8 43.2 57.6

Steam Flow .

Rate (#/hr) 37.5 50.0 56.25 62.5

Inlet Temp. :

(°F) 162.5 164.1 164.0 160.0

Exit Temp. : .

(°F) ' 165.5 168.0 169.0 . 166.0

Estimated

Height of

Transfer

Region (in.) 6.5 8.5 10.5 10.5
RU 13
LU 12
RU 11 ‘ 164.0°F 160.0°F
LU 10 - 164.0°F 160.0°F
RU 9 164,1°F 164.8°F 160.5°F
Lu 8 162.5°F 164.1°F 164.8°F 161.0°®
RU 7 162.5°F 164 .4op 165.0°F 161.0°F
LU 6 162.5°F 164.6°F 165.3°F 161.4°F
RU 5 163.0°F 164.8°F 165.8°F 161.8°F
LU 4 163.3%°F 165.0°F 166.0°F 162.2°F
RU 3 163%.8°F 165.5°F 166.4°F 162.6°F
L 2 164.0°R 165.8°F 167.4°F 163.5°F
RU 1 164.2°F 166.8°F 168.0°F 164.5°F
7ere .
RD 1 165.5°F 168.0°F | 169.0°F 166.0°F
ID 2 165.5°F 168.0°F - 169.0°F 166.0°F
RD 3 165.5°F 168.0°F 169.0°F 166.0°F
LU 4 165.5°F 168.0°F 169.0°F 166.0°F
RD 5
LD 6
RD 7
LD 8
RD .9
LD 10 ‘
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Table XVII. Temperature Profiles and Operafing Conditions at 7.2 x 10-°

ft/se¢ Recycle Rate with Steam Injected at an Angle of 129°.
(See Figure 1 for nomenclature of this Table.)

Frésh Water

Rate (#/hr) 0.0 28.8 57.6 72.0
Steam Flow .
Rate (#/hr) 31.25 43.75 45.0 47.3
Inlet Temp.
(°F) 163.9 164.0 164.0 . 164.0
Exit Temp. : E .
(°F) . 165.0 165.1 165.4 165.4
Estimated
* Height of
Transfer ) .
Region (in.) . 10.5 7.0 6.5 7.0
RU 13
LU 12
RU 11
LU 10
RU 9
v 8
RU 7 .
v 6
RU 5
LU L4
RU 3
v 2 ., © 163.9°F 164.0°F 164.0°F 164.0°F
RU 1. 163.9°F7 | 164.0°F 164.0°F 164.0°F
Zero
RD 1
ID 2
RD 3
LD 4 165.0°F 164.6°F
RD 5 164.0°F 164.9°F 165.2°F » 165.0°F
ID 6 164 .2°F 165.0°F 165.U°F 165.0°F
RD 7 164.2°F 165.1°F 165.4°F 165.4°F
ID 8 164.5°F 165.1°F 165.4°F 165.4°F
RD 9 164.5°F 165.1°F 165.4°F 165.4°F
LD 10 165.0°F 165.1°F 165.4°F
RD 11 165.0°F :
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Table XVIII. Temperature Profiles and Operating Conditions at 4.59 x 10~>

ft/sec Recycle Rate with Steam-Injected at an Angle of 129°.
(See Figure 1 for nomenclature of this Table.)

Fresh Water

Rate (#/hr) 0.0 .y 28.8 43.2
Steam Flow :
Rate (#/hr) 31.25 35.0 b2.5 b7.3
Inlet Temp. ‘ E
(°F) 160.0 160.0 161.5 161.0
Exit Temp. .
(°F) 161.3. 162.0 163.6 163.6
Estimated
Height of
Transfer . .
Region (in.) 9.0 7.0 7.0 8.5
RU 13
LU 12
RU 11
LU 10
RU O
v 8
RU 7
v 6
RU 5
LU
RU 3
LU 2 160.0°F 160.0°F 161.5°F 161.0°F
RU 1 160.0°F 160.0°F 161.5°F "161.0°F
7ero
RD 1
ID 2
RD 3
LD 4
RD 5 161.2°F 162.85°F
LD 6 160.9°F 161.2°F 163.0°F 163.1°F
RD 7 161.0°F 162.0°F 163.6°F 163.1°F
LD 8 161.1°F 162.0°F 163.6°F 163.6°F
RD 9 161.3°F © 162.0°F 163.6°F 163.6°F
LD 10 161.3°F 162.0°F 163.6°F 163.6°F
RD 11 161.3°F 162.0°F 163.6°F 163.6°F
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Table XIX. Temperature Profiles and Operating Conditions at 1.965 x .10-3

ft/sec Recycle Rate with- Steam Injected at an Angle of 129°.
(See .Figure 1 for nomenclature of this Table.)

Fresh Water

Rate (#/hr) 0.0 1.4 28.8 43.2
Steam Flow _
Rate (#/br) . 26.25 - 33.5 37.5 42.5
Inlet Temp. :
(°F) 164.0 164.0 164.5 165.0
Exit Temp.
(°F) 165.9 .166.0 © 166.9 168.0
Estimated
Height of
Transfer
Region (in.) b5 . 2.5 | 4.5 3.0
RU 13
LU 12
RU 11
LU 10
RU. 9
v 8 .
RU 7
LU 6
RU 5
Ly b
RU 3
LU 2 164.0°F 164.0°F 164.5°F 165.0°F
RU 1 164.0°F 164.0°F 164.5°F 165.0°F
Zero )
RD 1 165.8°F 167.8°F
LD 2 165.0°F 166.0°F 165.8°F 167.9°F
RD 3 165.0°F 166.0°F 166.2°F 168.0°F
1D 4 : 165.9°F 166.0°F - 166.9°F 168.0°F
RD 5 165.9°F 166.0°F 166.9°F 168.0°F
ID 6 165.9°F 166.9 168.0°F
RD 7 165.9°F 166.9°F
Ip 8
RD 9
LD 10
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Table XX. .Temperature Profiles and Qperating Cenditions at 0.983 x 10-3

ft/sec Recycle Rate with Steam Injected at an Angle of 129°.
(See Figure 1 for nomenclature of this Table.)

Fresh Water

Rate (#/hr) 0.0 4.4 28.8 43,2
Stean .Flow ’ )
Rate (#/hr) 18.75 25.0 31.5 37.5
Inlet Temp.
(°F) 163.0 162.9 162.0 . 160.5
Exit Temp.
(°F) - 166.0 166.0 166.0 165.0
Estimated '
Height of
Transfer :
‘Region. (in.) ' 7.0 ' 2.5 3.0 , 5.5
RU 13
LU 12
RU 11
LU 10
RU 9
w 8
RU 7
v 6
RU 5
v 4 160.5°F
RU 3 : ' 160.5°F
LU 2 163.0°F 162.9°F 162.0°F 161.0°F
RU 1 163.0°F 162.9°F 162.0°F 161.0°F
Zero .
RD 1 165.8°F 165.9°F 164.0°F
LD 2 166.0°F . 165.8°F 165.0°F
RD" 3 166.0°F 166.0°F 165.0°F
1D 4 166.0°F 166.0°F 165.0°F
RD 5 165.4°F, 166.0°F 166.0°F 165.0°F
ID 6 165.4°F 166.0°F
RD 7 166.0°F
ID. 8 166.0°F
RD 9 166.0°F
LD 10 166.Q°F




Table XXI.

"L“"l' -

Temperature Profiles and Operating Cenditions at 7.2 x .107°
ft/sec Recycle Rate with Steam Injected Countercurrent te the
Recycle .Flow. (Steam.injected directly into stream flow.)

In thils method, the steam entered the center of the.condenser
1.56 inches above the zero reference. (See Figure 1 for
nomenclature of this Table.)

Fresh Water

Rate (#/hr) 0.0 Wb -0 28.8 ) - -..43.2 57.6
~ Steam Flow : S T
Rate (#/hr) 2.0 5.0 6.61 10.0 13.2
Inlet Temp. . '
(°F) 155.0 152.0 © 151.0 150.1 150.0
Exit Temp. '
(°F) 155.1 152.3 1514 150.9 151.0
Estimated
Height of
Transfer
Region (in.) 6.5 6.5 11.0 11.5 13.5
RU 13
LU 12
RU 11
LU 10 :
RU 9 151.0°F 150.1°F 150.0°F
LU 8 152.0°F 151.0°F ~ 150.1°F 150.0°F
RU 7 155.0°F 152.0°F 151.1°F 150,9°F 150.1°F
v 6 155.0°F 152.0°F Y
RU 5 156.Q°F 152.6°F
Lu &
RU 3
LU 2
RU 1
Zero
RD 1 155.1°F 152.3°F -151.8°F 151.1°F 150.8°F
LD 2 155.1°F © 152.3°F 151.4°F 151.0°F 150.7°F
RD 3 155.1°F 152.3°F 151.4°F 150.9°F 150.9°F
LD 4 "151.4°F 150.9°F - 150.9°F
RD 5 151.4°F 150.9°F 151.0°F
LD 6 ~
RD 7 151.0°F
LD 8 151.0°F
RD 9 '
LD 10
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Table XXII. Temperature Profiles and Operating Conditiens at 4.59 x
ft/sec Recycle Rate with Steam Injected Countercurrent to the
Recycle Flow. (Steam injected-directly into stream flow.)

In this method, the steam entered the center of the condenser

RU
LU
RU
LU
RU
LU
RU
LU
RU
LU
RU
LU
RU

1.56 inches above the zero reference. (See -Figure -1 for
nemenclature of this -Table.)

Fresh Water ,
Rate (#/hr) , 0.0 4.y 28.8

Sfeam Flow _ )
Rate (#/hr) 4.0 6.2 10.0

Inlet Temp. :
(°F) ' o 14505 45.0 145.0

Exit Temp.
(°F) 146.0 145.9 . 146.1

Estimated

Height of

Transfer

Region (in.) 10.0 11.5 13.0

15
12
11

145.0
145.0
145.7
145, 9

F 145
F 45
F 1h6
F 146

145.
.5°F 145,
145.5°F 145,
6.0°F . 146,

'_l
=N W o on—] 0o ©
I_I
=
o
owul oo
o o o
e I e s

Zereoe

RD
LD
RD
LD
RD
LD
RD
LD
RD
LD
RD

146.
146,

F 146.
F

F 145,

F

F

146,
146,
146,
146.
146.

HEEHE©OO
¢ o o
o o= e IS e )

o o o o

R

146
146
147
147
7

5.
145.
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11
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43.2
12.0

145.9

147.0

15.0
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0°F

.8
-9
.0
.0

0
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Table XXIII. Temperature Profiles and Operating Conditions at 1.965 x 10~
ft/sec Recycle Rate with Steam Injected Countercurrent te the
Recycle ‘Flow. (Steam injected directly into stream flow.)
In this method, fthe steam entered the center of the condenser
1.56 inches above the zero reference. (See Figure 1 for
‘nemenclature of this Table.)

Fresh Water

Rate (#/hr) 0.0 14y 28.8 43.2
Steam Flow : ) :
Rate (#/hr) 2.1 5.8 . - 9.6 12.0
Inlet Temp.
“(°F) ' 4.1 143.0 143.0 44,0
JExit Temp. _
. (°F) ‘ W9 1440 w6 145.7
Estimated
Height of
Transfer .
Region (in.) 10.0 13.0 13.0 13.0
RU 13
LU 12
RU 11 o 143.0°F - 1k .o°F
LU 10 144, 1°F 143.0°F 143.0°F 144, 0°F
RU 9 144, 1°F 143,.0°F 143, 3°F 143.9°p
LU 8 44 1°F 143.0°F 143.3°F
RU 7 144, 1°F 143.2°F
LU 6 14, 3°9
RU 5
LU L4
RU 3
LU 2
RU 1
Zero .
RD 1 144, 5°F 143.2°F 154.0°F 146.0°F
LD 2 144, 3°F 143, 6°F Wl 6°p 1U5.7°F
RD 3 14y, 9°F 143 .8°F WY 6°F 1U45.7°F
LD 4 144, 9°F 144 . 0°F 144, 6°F 145, 7°F
RD 5 144, 9°F 144 0°F
ID 6 144, 0°F
RD T
1D 8
RD 9
LD 10

Rd 11
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Table XXIV. Temperature Profiles and Operating Conditions at 0.983 x 10-3

Rate (#/hr) 0.0 AR 28.8 43,2
Steam Flow
Rate (#/hr) 2.1 5.8 9.6 12.0
Inlet Temp.
(°F) 142.6 141.0 140.0 140.0
Exit- Temp.
(°F) 43,5 42.0 141.3 1%1.9
Estimated
Height of
Transfer
Region (in.) 11.0 11.5 13.0 15.5
RU 13
LU 12 140.0°F
RU 11 140.0°F 140.0°F
LU 10 1U42.6°F 141.0°F 140.0°F 140.2°F
RU 9 U2 . 6°F 141.0°F 140.1°F 140.2°F
Lu 8 U2 . 6°F 141.3°F 140.2°F
RU 7 : 141,2°F
LU 6
RU 5
LU 4
RU 3
v 2
RU 1
Zero
RD 1 143, 7°F 141.9°F 1.2°F W1.0°F
LD 2 143, 5°F 1U42.0°F 141.3°F , 141.5°F
RD 3 143.5°F U2, 0°F 141.3°F WU1.7°F
LD 4 143 .5°F 42.0°F 41.3°F 141.9°F
RD 5 141.9°F
ID 6 141.9°F
RD 7
LD 8
RD 9
LD 10
11

RD

ft/sec Recycle Rate with Steam Injected Countercurrent to the
Recycle Flow. (Steam injected directly into stream flow.)

In this method, the steam entered the center of the condenser
1.56 inches above the zero reference. (See Figure 1 for
nomenclature of this Table.)

Fresh Water
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Table XXV. Voelumetric Heat Transfer Coefficients with Steam Injected: at
an Angle of 90°.

Operating - Recycle Rate Steam Flow Volumetric

Temperature (ft/sec) Rate (#/hr) Heat Transfer
Range (°F) Coefficient
. (BTU/sec °F ft3)

165-170 7.2 x 1077 52,5. 7.65
g . " ' 62.5 11.50

" " 75 . 9.09

" i 92.5 . 10.90

" " 115.0 12.90
" 4.59 x 10°° . 52.5 7.19
L i 62.5 7.08

" " . 77-5 9.05

n ' L 91.8 30.80

L . n 115.0 28.01

L 1.965 x 10-7 52.5 25.60

fl . 1 ’ 625 2930

n , L 78.3 37.40

I ” 93.0 44, 00

n " ' 115.0 42.80

L ‘ 0.98% x 10-3 52.5 7.83

n 1 625 9'20

n 1 783 978

" n 93.2 1%4.10

L m 115.0 12.00
138-145 7.2 x 10-> 51.0 9.05
1 n 625 12.35

1 . " 77:5 13.70
o n 92.5 53.05
" i 115.0 12.90

" 4.59 x 10-3 52.5 5:99

" n 61.3 8.93

] 1 782 892

L i 92.5 12.40

" L 115.0 13.10




Table XXV. (continued)

Operating Recycle Rate
Temperature (ft/sec)
Range (°F) .
138-145 1.965 x 10-2

" n

1f n

1 n

n il

d ~0.983 x 1077

u 1

mn _Il

n 1

i 1
120-131 . 7.2 x 10-3

n ’ i

" 1"

1 "

1 1

" 4,59 x 10-3

n n

n "

1 {]

I "

L 1.965 x 1077

n 1}

1] n

il it

fl 1

n 0.983 x 1073

n

I

Steam Flow
Rate (#/hr)

~3 ~3
-3 ~3
OUIWU HU1 @UiuUlW ©

-3
\']
O GO\ o

Volumetric
Heat Transfer
Coefficient
(BTU/sec °F £t2)

6.06
6.73
14.00
9.39
10.40

k.96
6.99
7-59
11.00
14.85

oN = O WU
[]
(@]

NI\~ O\ O\ QO W ON
(@e]
[N

N1 —J W N
O
(@]
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Table XXVI. Volumetric Heat Transfer Coefficients with Steam Injected at
an Angle of 51°.

Operating Recycle Rate Steam Flow Volumetric
Temperature (ft/sec) Rate (#/hr) Heat Transfer
Range (°F) Coefficient
(BTU/sec °F ft3)

160-170 7.2 x 1073 53.75 ©14.2

L L 62.50 8.92

z 4.59 x 10-3 52.1 7.85

n n 625 685

n 1.965 x 1077 54.5 9.25

n i 625 13'15

” 0.983 x 1077 50. 8.

0 0
n n. 625 75




Table XXVII.

Operating
Temperature
Range (°F)

160-170

-51-

Volumetric Heat Transfer Coefficients with Steam Injected

at an Angle of 129°.

Recycle Rate
(ft/sec)

7.2 x 103
4.59 x 10=°
1.965 x 10->

.0.98% x 10-°

Steam Flow
Rate (#/hr)

15
.50

.00
. 50

.50
.50

.00
.50

Volumetric
Heat Transfer
Coefficient
(BTU/sec °F ft3)

8.16
.89’

8
6.00
6.80

17.80
19.50

13.00
8.50
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Table XXVIII. Volumetric Heat Transfer Coefficients with Steam.Injected
in the Countercurrent Addition Method.

Operating Recycle Rate Steam Flow Volumetric
Temperature (ft/sec) Rate (#/hr) * Heat Transfer
Range (°F) - Coefficient
: (BTU/sec °F £t°)

140-155 7.2 x 1077 5.00 0.58

" i A 10.00 0.825

" 4.59 x 10~ 6.20 0.469

n " . 12.00 0.715

" - 1.965 x 107 5.80 0.382

i ) n 12.00 0.805

" ' 0.983% x 10-3 5.80 0.411

n

12.00 0.615




Table XXIX. Volume Movement with Respect to Steam Injection Point. (Steam injected at
90° angle in operating range 165-170°F). :

Height of Trans- ‘Steam Flow Recycle -Rate Height of Transfer Height of Transfer

fer Region (in.) Rate (#/hr) (ft/sec) ‘Region Above In- Region Below In-
, - jection Point (in.) jection Point (in.)
9.5 52.5 7.2 x 103 1.0 8.5
7.5 62.5 n 1.0 6.5
11.5 77.5 n 1.0 10.5
11.5 92.5 u 1.0 10.5
11.5 115.0 n 1.0 10.5
9.5 52.5 4.59 x 1077 1.0 8.5
11.5 62.5 " 1.0 10.5
11.5 77.5 y 1.0 10.5
- 4.0 91.8 l 1.0 3.0
5.5 115.0 y 1.0 b.5
3.0 52.5 1.965 x 10-3 0.0 3.0
3.5 62.5 " 1.0 2.5
3.5 78.3 “ 1.0 2.5
3.5 93.0 t 1.0 2.5
4.5 115.0 " 4.5 0.0
9.5 52.5 0.983 x 1072 4.5 5.0
9.5 62.5 " 6.5 3.0
11.5 78.7% " 7.0 4.5
9.5 93.2 " 6.5 3.0
1%.0 115.0 n 7.0 7.0

_gg_




Table XXX. Volume Movement with Respect to Steam Injection Point. (Steam injected at
90° angle in operating range 138-145°FR).

Height of Trans- Steam Flow Recycle Rate Height of Transfer Height of Transfer
fer Region (in.) Rate (#/hr) (ft/sec) “Region Above In- Region Below-In-
Jjection Point (in.) jection Point (in.)
5.0 51.0 7.2 x 1077 0.0 5.0
4.5 62.5 L ' 0.0 4.5
5.0 77.5 L 0.0 5.0
2.5 92.5 " 0.0 2.5
8.0 115.0 ” 3.0 5.0
5.5 52.5 4.59 x 10~°> 1.0 4.5
5.5 61.3 " 1.0 4.5
-10.0 78.2 " 1.0 9.0
6.0 92.5 L 1.0 5.0
7.0 115.0 m 4.5 2.5
7.0 "52.0 1.965 x 10-3 0.0 . 7.0
7.5 61.3 L b5 3.0
4.5 77.5 L 0.0 4.5
8.0 92.5 M 5.0 3.0
9.0 115.0 n 6.5 2.5
9.0 52.5 0.983 x 10™° 4.5 4.5
7.5 61.1 . m 4.5 3.0
9.0 T77.5 " 6.5 2.5
7.0 92.5 L 7.0 0.0
6.5 115.0 " 6.5 0.0
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Table XXXI. Volume Movement with Respect to Steam Injection Peint. (Steam injected at
90° angle in operating range 120-131°F).

Height of Trans- Steam Flow Recycle.Rate Height of Transfer Height of Transfer
fer Region (in.) Rate (#/hr) (ft/sec) Region Above In- Region Below In-
Jection Point (in.) jection Point (in.)
6.5 51.2 7.2 x 1073 0.0 6.5
10.5 62.5 " 0.0 10.5
6.5 77-5 L 0.0 6.5
4.5 97.8 " 0.0 3.0
11.5 115.0 " 4.5 7.0
5.0 51.2 4.59 x 1077 0.0 5.0
11.5 62.5 " . 1.0 10.5
9.5 76.8 " 1.0 8.5
7.5 93.3 " 1.0 6.5
11.5 115.0 " 1.0 10.5
5.0 52.5 1.965.x 1077 0.0 5.0
5.5 62.5 o 1.0 b5
9.0 78.0 g .5 4.5
11.0 93.3 i 4.5 6.5
11.0 115.0 " 6.5 4.5
11.5 49.9 0.983 x 1072 4.5 7-.0
11.5 61.8 " 6.5 5.0
6.5 77-5 " 6.5 0.0
8.5 . 93.3 " 8.5 0.0
11.5 115.0 L ‘8.5 3.0
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Table XXXII. Volume Movement with Respéct to Steam Injection Point. (Steam injected at
51° angle in operating range 160-170°F).

Height of Trans- Steam Flow Recycle Rate Height of Transfer Height of Transfer
fer Region (in.) Rate (#/hr) (ft/sec) Region Above In- Regien Below :In-
jection Point (in.7J jection Point (in.)
5.5 42.5 7.2 x 1077 2.5 3.0
5.0 53.75 ) ! 2.5 2.5
7.5 56.25 " 5.0 2.5
9.0 62.5 g 6.5 - 2.5
7.0 b6.25 4.59 x 10-3 2.5 - 4.5
9.5 52.10 : " 5.0 4.5
9.0 56.25 " 4.5 4.5
13.0 62.50 " 6.5 6.5
7.5 47.0 1.965 x 1077 4.5 3.0
11.0 28.8 i 8.5 2.5
11.0 86.5 " 8.5 2.5
8.5 115.0 t 8.5 0.0
6.5 37.5 0.983 x 107> 6.5 0.0
8.5 50.0 n 8.5 0.0
10.5 56.25 L 10.5 0.0
10.5 62.5 " 10.5 0.0
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Table XXXIII. Volume Movement with Respect to Steam -Injection Point. (Steam injected at
129° angle in operating range 160-170°F).

Height of Trans- =~ Steam Flow Recycle Rate Height of Transfer Height of Transfer
fer Region (in.) Rate (#/hr) (ft/sec) Region Above In- Region Below -In-
. ‘ Jection Point (in.)  jection Point (in.)
10.5 31.25 7.2 x 1077 0.0 10.5
7.0 43.75 n 0.0 7.0
6.5 45.0 n 0.0 6.5
7.0 47.3 n 0.0 7.0
9.0 31.25 4.59 x 1077 0.0 9.0
7.0 35.0 n 0.0 7.0
7.0 42.5 L 0.0 7.0
. 8.5 b7.3 n 0.0 8.5
4.5 26.25 1.965 x 1073 0.0 4.5
2.5 33.5 n 0.0~ 2.5
4.5 37.5 n 0.0 4.5 -
3.0 42.5 n 0.0 3.0
7.0 18.75 0.98% x 10~ 0.0 7.0
2.5 25.0 i , 0.0 2.5
3.0 31.5 : L - 0.0 3.0
5.5 515 " 3.0 2.5
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Table XXXIV. Volume .Movement with Respect to Steam Injection Point. (Steam injected
directly into stream flow in operating range 140-155°F.) Countercurrent
addition method.

Height of Trans- Steam Flow Recycle Rate Height of Transfer Height of Transfer
fer Region (in.) Rate (#/nar) (ft/sec) - Region Above -In- . Region Below:In-
: jection Point (in.) Jjection Point (in.)

6.5 2.0 7.2 x 1073 6.5 0.0

6.5 5.0 " 6.5 0.0
11.0 6.61 " 8.5 2.5
11.5 . 10.0 “ 8.5 3.0
13.5 13.2 " 8.5 5.0
10.0 4.0 4.59 x 10™° 7.0 3.0
11.5 6.2 " 8.5 3.0
13.0 10.0 L 8.5 4.5
15.0 12.0 " 8.5 6.5
10.0 2.1 1.965 x 10™° 7.0 3.0
13.0 5.8 " 8.5 4.5
13.0 9.6 " -10.5 2.5
13.0 12.0 " 10.5 2.5
11.0 2.1 0.98% x 10~ 8.5 2.5
11.5 5.8 " 9.0 2.5
13.0 9.6 n 10.5 2.5
15.5 12.0 " 11.0 4.5

_gg_
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RU 14
LU 13 .
LU 12 RU 15
LU 11 RU 12
LU 10 RU 11
LU 9 RU 10
v 8 RU 9
w7 RU 8
U 6 RU 7
LU & RU 6
LU 4 RU 5
w3 RU 4
LU 2 RO -3
w1 RU 2
T nos RU 1
aere L-1/2" interval e steam nezzle
LD 1 RD 1
ID 2 RD 2
LD 3 RD 3
LD U4 RD 4
ID 54§ 1" intervals 'RD 5
D 6 RD 6
LD 7 RD 7
D 8 RD 8
LD 9 RD 9
~1LD 10 RD 10
RD 11
Exit to Pump —
1-;.

Three digit code: -First, side of condenser (L = left,
R = right); Second, position with respect to steam
nozzle (0 reference) (D = below, U = above); Last value,
number of well on that side and position of condenser.
Wells were spaced so that reading could be taken at
1/2-inch intervals.

Pigure 1. Condenser Sketch with Thermocouple Well Code.




Fresh Water
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Head
Mixing Jizey
Line l| 1/4 H
30 gal.
Mixing Tank
1/4-inch Fa
orifice ! J
kit B La . l Thermocouple
Head
Tank 1 e
Recycle
Line ﬁ l
| Bourdon
b= b ety friow]  G8°
| l Thermocouple
| Well
5/8-inch L
orifice—“*e |
E» | 3/16-1in.
Orifice
l
| Steam Trap
ég Condenser I
Tube Steam Line
’ 3-11/16 inl
He—a— Thermocouple
J Well
Exit Rubber
Tube
Pump
Centrifugal e
Pump - 1/3 HP 4;!L__l Piping Valves
Recycle - 1" Gate
Fresh Water - 3/4" Gate
Steam - 1/2" Needle
Exit - 1-1/4" Gate
Mixing - Const. Head
- 1=1/8" Gate

Figure 2.

Orifice - Manometers

Flow Diagram of Apparatus Used.

Needle
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U 6
LU 5
LU L
LU 3
LU 2
L1l
Zero
ID 1

LD 2

Temperature Frofiles

143,0 143.2 14k.0 143.5 143.0

143,3 143,1 144.5 143.1 143.0

143.0 143.3 145.% 143,8 143.0
14,0 144,.5 147.0 1hh. b4 143.9
143.3 144,00 147.0 143.5 143.1
145,0 145,6 148.0 145.5 145.0
143.9 144,2 160,0 144,00 143,.7
145,1 146.0 150.0 145.9 145.0

145,0 145,1 145,1 145,1 145.0 |

145,1 145,1 145.2 145.2 145,1

Exact Distance across

RU 7
RU 6
RU 5
RU b
RU 3
RU 2
RU 1
RD 1
RD 2

RD 3

condenser in sixths of
the diameter.

Obgervations

Inner Core Height 3/8 - inch

Figure k4. Temperature Probe of Counter Current Steam Addition Method.

Recycle Rate = 0,983 x 1073 ft/sec.

143°F,

Exit Temperature = 145.1°F.

Steam Rate of Flow 12#/hr. Inlet Temperature =

(See Figure 1 for nomenclature of this figure.)

Steam
Inlet




Temperature Profiles Observations
160.1 160.8 160.0 160.0 160.0 |RU 11
LU 10 Inner Core Height 1/4 - inch
RU 10
LU 9
163.0 162.5 162.0 161.0 160.8 [RU 9
LU 8
RU 8
LT
164.5 163,5 163.0 162.5 162.0 |RU T
LU 6
RU 6
LU 5
165.1 104,0 163.0 163.7 163.9 |RU 5

164.8 164.0 163,8 163.5 164.0 |RU k4
LU 3| 164.5 163.6 163.5 163.2 163.3
165.9 164.0 163,9 164.0 164.5 | RU 3
LU 2| 165.7 164.5 164,3 164.3 164.5
164.6 164.6 164.5 166,0 165.0 |RU 2
LU 1| 166.0 166.5 167.0 167,09 167.0
166.0 166.5 168.0 170,0 166.0 |RU 1
Zero| 166.0 165.8 165.9 165.5 194,04

LU L

'i‘ :.Steam

Inlet
----- indicates temperature Constant Temperature
fluctuation. below Steam Inlet
Figure 5. Temperature Probe of Steam Addition Method where the Steam is

injected at 51° angle. Recycle Rate = 0,983 x 1073 ft/sec. Steam Rate of Flow = 62.5
#/hr. Inlet Temperature = 160°F. Exit Temperature = 166° F.

(See Figure 1 for nomenclature of this figure.)




Tempersture Profiles Observations
mp

Inner Core Height 1/4 - inch

160.0 160.0 160.0 160.1 160.0 [RU 4

LU 3
RU 3
LU 2
RU 2
LUl
160.0 160.0 160.5 160.5 161.0 |RU 1
Zero | 163.0 163.5 164.0 1£5.Q 189.0
RD 1
LD 1} 165.0 167.0 166,0 165.5 165.0
165.0 165.5 166.0 163.5 165.0 [RD 2
LD 2
RD 3
LD 3

165.0 165.0 165.0 165.0 165.0 |RD &

----- indicates temperature
fluctuations.

Figurg 6. Temperature Probe of Steam Addition Method where the Steam was
injected at 129  angle. Recycle Rate = 0.983 x 1072 ft/sec. Steam Rate of Flow =
37.5 #/hr. Inlet Temperature = 160° F. Exit Temperature = 165°F.

(See Figure 1 for nomenclature of this figure.)




LU &
LU 3
LU 2
LU 1
Zero
D1
LD 2
LD 3

LD 4

Temperature Profiles Observations

163,0 163.0 163,0 163.0 163.0 | RU 5 Inner Core Height 1.5 inches
164.0 163,5 163.5 163.0 163.0 | RU L
RU 3
164.9 163.5 163.5 163.5 163.0 | RU 2

RU 1
167.0 168.0 170.0 175.,0 190.0 1~
RD 1
168:0 168:0 168.0 167.0 166.0 | RD 2
RD 3
168.3 168.0 168.0 168.0 167.5 | RD 4

168.6 168.6 168.6 168.6 168.6 | RD 5

SEoomca @Dooeoe

===== indicates temperature
fluctuations.

Figure 7. Temperature Profiles of Steam Addition Method where the Steam was

injected at an angie of 90°, Recycle Rate = 0.983 x 1073 ft/sec. Steam Rate of
Flow = 115 #/hr. Tnlet Temperature = 163°F. Exit Temperature = 168.6°F.

(See Figure 1 for nomenclature of this figure.)
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Temperature Profiles Observations
Inner Core Height 1/4% - inch
170.9 170.5 170.5 170.5 1T70.5 |RU 2
IU1 | 171.0 170.9 171.0 170.9 171.0
RU l et — ’5 S —
Zero | 172.0 173.5 1Tk.0 175.0 189,07 N 1] Steam
RD 1 "_;fﬁc = == Inlet
LD 1 | 172.3 172.6 172.3 172.0 172.0 R oo i o
172.0 172:1 172.0 172.0 172.,0.] RD.2
LD 2-1 172.5 11255 128 Y[2:5 1725
|
o
(@)
I
Figure 8. Temperature Profiles of Steam Addition Method where the steam

wvas injected qt an angle of 90°, Recycle Rate = 1.965 x 157 ft/sec. Steam Rate of
Flow = 52,5 #/hro Inlet Temperature == 170.505‘., Exit Temperature = 172.5°F.

(See Figure 1 for nomenclature of this figure.)
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Steam Rate
115.0 #/hr = Q@
4Og 92.0 #/hr = X
78.0 #/hr = B
62.5 #/hr = &
52.5 #/nr = @
304
20T
10T 2
)
3 i 1 ! l. ‘. | y
079 1 2 3 iy 5 6 7 8
Recycle Rate (ft/sec) x 10°
Figure 9. Graph of Volumetric Heat Transfer Coefficient versus Recycle Rate using Steam Rate as

a Parameter (for Operating Temperature Range of 165-170°F).
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