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ABSTRACT

A broad field of application for distillation equipment is found in the oil
refining industry. In a typical complete modern refinery the investment for
distiflation facilities, including distillation sections of other processing eqmpment
represents approx:mately 64% of the total investment for proccssmg units. Du -
ing 1939 the investment made for new processing equipment in oil refineries in
the U. S. was approximately $110,000,000, of which about 45% was for distilla-
tion units and distillation sections "of other units.

Essentially, there are twelve distinct applications of distillation facilities
in oil refineries which fall in two classifications:

A, Those involving the separation of a small number of pure components
in which case theoretical methods are used for determining the operating
temperatures and pressures and the {fractionation.

B. Those involving the separation of wide boiling range products in which
case empirical methods are used for the calculations on the fractionating

system.

A comparison is made between test results and calculated results on a typical
.;rhtmosphenc crude distillation unit which shows very close agreement between
e two.

IMPORTANCE OF DisTILLATION EQUIPMENT

In recent years the importance of distillation equipment in the
oil refining industry has been overshadowed by the intense interest
in the development of new chemical and catalytic processes which
have found application in all phases of the refining field. All available
facilities have been concentrated on these new developments probably
to the detriment of advancement in knowledge in the fundamental
process of distillation. Unfortunately, when the art of continuous
distillation using tubular fired heaters was in its infancy, the thermal
cracking process was developed and from that time up to the time
-of the development of the modern processes referred to above the
refiner’s interest was concerned mainly with the cracking process.
These circumstances have undoubtedly resulted in a retarded advance—
ment in distillation equipment design and operation.

* Standard Qil Development Company, Elizabeth, N. J.
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This is a regrettable fact since distillation is actually the backbone
of the refining industry. Especially is this true when it is considered
that practically every process requires distillation equipment for the
separation of its products and many require distillation for the special
preparation of their feed stock. As an example, the major portion
of a thermal cracking unit consists of the fractionating equipment for
the separation of the products of cracking and the cycle stock. ~Even.
in this process the efforts were concentrated on the cracking reaction
and equipment and only recently has the importance of the distillation
section been fully recognized and given detailed study.

The cost of a typical complete refinery designed to process 20,000
barrels per day of light crude for the production of motor gasoline,
refined oil, lubricating oil, asphalt, and fuel oil, and costing approxi-
mately $11,000,000, would break down into the following approximate
percentages:

Percent

Distillation Units ...vieeeienreeieraannenensrocsaronuansnnns 15.5
Distillation sections of other processing units ................. 15.0
Other processing units {excluding distillation sections) ....... 17.0
Tankage . ..iviiiierciiieaicateatatnaan s astnasa s 15.5
Ut S o ittt ieeiinenneeaanoacnccaacnacensaneetasasanansns 19.0
Transfer and loading pumps and lines ......c.ccvivmencnnnan. 7.5
Others, incl. shops, bldgs., docks, etc, «ocvvriiiiinnnninecann.. 10.5

Total ..iivrieneinrecsneecenacscnanncancsseassssssansen 100.0

It will be noted that, considering the processing equipment only,
approximately 64 per cent of the cost is for distillation facilities.

A rough review .of the literature has indicated that during the
year of 1939 the total cost of new processing equipment constructed
in oil refineries in the United States amounted to approximately
$110,000,000, distributed in about the following percentages:

Percent
Distillation Units ...ceeveeriireriiancroseessececnaracsnneans 13
Distillation sections of other proccssmg UNS venevvnnrennenns 32
Other processing units (excluding distillation sectlons) ........ 55
o e ) 100

Here, again, the large percentage of money outlay for distiliation
units is evident. This is somewhat less impressive than the figures
for a complete refinery probably because a large number of U. S.
refineries have already modernized their distillation units. In addition,
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the figure includes thirteen catalytic cracking units in which plants
the major cost is for the cracking section.

APPLICATION

Essentially, distillation is used in the following refinery processes:

1. Atmospheric distillation of crude—usually for the production
of reduced crude for cracking.

2. Two-stage atmospheric-vacuum distillation of crude for the
production of lubricating oil distillates and asphalts.

3. Vacuum rerunning of lubricating il distillates and cylinder
stocks. .

4. Atmospheric rerunning of treated naphtha, refined oil, and
heating oil. '

5. Stabilization of cracked naphtha and absorption naphtha.

6. Debutanization or splitting of stabilized naphtha.

7. Depropanization of straight run naphtha.

8. In gas absorption plants for the separation of the absorption
naphtha from the lean oil.

9. In thermal cracking, for the separation of the products of
cracking and cycle stock.

10. In catalytic cracking and similar plants, for the vaporization
of the feed stock and the separation of the products of cracking.

11. In solvent treating and solvent dewaxing, for the separation
of the solvent from each product.

12. In polymerization, alkylation and similar plants, for the
separation of the products of reaction and cycle stock.

The above services fall into two general classifications, (A) Those
involving the separation of a small number of pure components, which
includes Items 5, 6, 7, 8, 11, and 12, and (B) Those involving the
separation of wide boiling range products, which includes Items 1,
2,3, 4,9, and 10. In the equipment design entirely different prin-
ciples are used for each of the two classifications.

For classification (A), the composition of the feed and products
by pure components is known and the separation is treated on a
theoretical basis using fugacities for the individual components and
determining the compositions of the various streams and operating
temperatures and pressures by Raoult’s law. Similarly, the separation
desired is defined as a maximum allowable percentage of contamination
of each product with a pure component desired to be removed in a
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different product. In order to obtain this separation, the reflux

. ratio and number of plates required are determined by plate to plate

calculations or by the use of the McCabe-Thiele diagram. In this
classification excellent separation is usually desired and this is secured
by using bottoms reboiling. Usually, the operating pressure of the
fractionating tower is between 100 Ibs./sq.in.ga. and 250 Ibs./sq.in.ga.
Yard steam at a pressure of 125 Ibs./sq.in.ga. is normally used as a
heating medium in the reboiler, although in some instances it is neces-
sary to use 2 fired reboiler. .

For classification (B), the feed and products are of wide boiling
range and empirical methods are used in the design of the fractionating
equipment. In this classification, the atmospheric distillation of crude
is the most important process because of the larger size, the greater
complication, and the greater number of units for this process than
any of the others. The following discussion will, therefore, deal
mainly with the design and operation of crude distillation units.

" Crupe DistirLaTiON UNITS

These units range in size from below 1,000 barrels per day to
as hxgh as 50,000 barrels per day, although the size commonly used
varies from 15,000 to 30,000 barrels per day. They are eclipsed in
size by three two-stage atmospheric-vacuum units constructed in
Petsia, the first two of which were designed for 65,000 B/D but
actually processed as high as 85,000 B/D, and the third of which
was designed to operate at above 100,000 B/D. Normally, the atmos-
pheric distillation units are designed to cut the following products:

Overhead —Light straight run naphtha.
About 250° F, final bo111ng point.

Ist Sidestream —Heavy naphtha for reforming.
About 400° F. final boiling point.

2nd Szdestream—Heatmg oil distillate.
About 620° F. final boiling pomt

3rd Sidestream —Gas oil for cracking.
About 700° F. final boiling point.

-Bottoms —Reduced crude for cracking.

In many cases such a unit would be made integral with the crack-
ing equipment. Such units are called combination units. The heavy
naphtha, gas oil. and reduced crude would be pumped directly from
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the distillation section to the cracking section without being cooled
and the cold crude would be preheated by exchange with the hot vapor
and products from the cracking section. This results in a compact
unit of low initial and operating cost.

To visualize the size of a 30,000 barrel per day crude pipe still
designed for four sidestreams and 30% bottoms with good fractiona-
tion and high heat recovery, the following tabulation might be helpful.

Plot area (all exchangers on ground, single tier} 130’ X 330’
or equivalent

Fractionating Tower
5’6" Dia. X 12', 4 plates + 16’ Dia. X 54, 19 plates + 12’
Dia. X 43', 15 plates

Stripping Towers

3-4’ Dia. X 13, 4 plates and

1-5" Dia. X 14', 4 plates
Exchangers, Condensers, and Coolers

34 shells, 36,000 sq. ft. commercial shell and tube,
6,000 sq. ft. worm surface

Pumps
(Including spares) ....................0c..oo. ... 23
Total capacity ...... B R P U, 12,000 G.P.M.
Furnace '

40’ X 55’ X 14’ high
100,000,000 B.t.u./Hr. heat fired
Such a unit, if designed for a sour crude requiring a considerable
amount of alloy materials, would cost approximately $1,350,000. The
cost of this unit could be greatly reduced by making certain sacrifices
in the performance. The magnitude of such reductions would he
approximately as follows:

1. Eliminiation of alloy materials and reduction -of

corrosion allowance .......c....ouvennonnn... $l40,0b0
2. Elimination of spare tube bundles, double valves,
and other equipment not absolutely required. . .. . 90,000.

Thus, if the simplest possible unit still meeting the process require- °

ments were constructed, the cost could be reduced to approximately
$1.120000. Naturally, the cost could be still further reduced by
decreasing the preheat, fractionation, number of sidestreams, and
per cent of feed taken as overhead and sidestream cuts.

e e e
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DEsicx oF Crupk DistiLLaTIiON UNITS

As mentioned above, the design of equipment in Classification B
is empirical but it is based upon correlations determined from labora-
tory experimentation and plant tests. The correlations used in the
design of crude distillation fractionating towers are presented herein,
To demonstrate the application of these correlations to the design
of a unit, the results of a five-day test on a typical distillation unit
will be compared with calculated conditions.

The equipment tested was an atmospheric crude pipe still de-
signed to process 16,000 barrels per day of a 25° A.P.I. crude taking
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€D TEMPERATURE *F
CoG7 AT SO°F.

<= L85 PER HOUR .
DASH MENRCATES WALUE WOT MEASURED

OESTILATION TOWER
PRPER  SECTION q‘:m‘;c:
LOWER SECTION 8'¢xn'-6" &3

)
- GAS,C4 %
"
sl e
% |0

Fi1s. 1. Flow Plan.

naphtha overhead, water white and gas oil streams and reduced
crude bottoms. Figure 1 is a simplified flow plan of the unit showing
important temperatures, pressures and quantities averaged over the
test period. Figure 2 shows the distillation curves of composite
samples of the feed and products for the same period. Table 1
presents additional physical properties of the various streams.

Let it now be assumed that it is desired to design the fractionating
tower of a pipe still to process the same amount of crude of the
same quality as in the test and taking the same yields of products. To
reduce the amount of detail in the calculations, let it further be assumed
that the pressure throughout the tower will be the same as in the

p—y
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. test and that the flash zone temperature will be 705° F. and the
bottoms steam quantity 2187 Ibs. per hour, both as obtained in the
’ test. The calculations then will involve:

1. The determination of the percentage of the feed stock vapor-
ized at the flash zone and by bottoms steam.
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Fic. 2. Distillation Curves of Feed and Products.

. The determination of the temperatures throughout the tower,
. A heat balance around the tower.

. A calculation of the maximum vapor velocity in the tower,

. A calculation of the fractionation obtainable with the number
of plates available in the tower on test.

[Zo I N FUN (R
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PERCENTAGE OF FEED STOCK VAPORIZED AT THE FLASH ZONE

To calculate the percentage of the feed stock vaporized at the
point of feed introduction recourse is made to a correlation for
predicting the flash curve of a stock, the atmospheric true boiling
point or A.S.T.M. distillation of which is known. A flash curve is
a plot of per cent vaporized versus temperature and shows for a
given pressure the percentage of a given stock that will vaporize
at any temperature when the vapors are in equilibrium with the liquid
residue. An empirical method of predicting the flash curve from
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Fic. 3. Flash Vaporizaii'on Chart—50% Point.

either the true boiling point or A.S.T.M. distillation was published
by Piroomov and Beiswenger in 1929.! This has been modified
slightly from time to time and probably the most recent and complete
correlation is expressed in the attached figures 3 through 5.

- These charts will be used to construct the flash curve of the feed
stock from its true boiling point curve which is shown in Figure 2
and duplicated in Figure 6. The first step in this procedure is to
draw the distillation reference line which is a straight line through
the 10% and 709% points of the distillation curve. For the case i
hand the 10% point is at 273° F. and the 70% point is determined
by extrapolation to be 963° F. The slope of this line is there-
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fore 9636"(-)273 = 11.5° F./%. The 50% point on this line is seen

to be 737° F. As noted on Figure 3, it is preferable to use the average
of the 209, 50%, and 80% points as the 50% point of the distillation
curve. Here, again, by extrapolating the distillation curve as a straight

425 +757 + 1060 _ 747° F

line to obtain the 80% point, we have
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Fic. 6. Flash Curves of Crude Feed, Flashed Crude and Overhead.

Reading from the up;:cc set of curves on Figure 3, for 747° and 11.5
slope the 50% point vn ihie flash reference line will be 31° F. lower
than 747° F, or 716° F. From Figure 4, the slope of the flash refer-
ence line, using the lower curve (since we are using the true boiling
point curve as a basis) is seen to be 8.6° F./%. These two conditions
permit us to construct the flash reference line which is a straight line
through the 10% and 70% points on the flash curve. To determine




62 AMERICAN INSTITUTE OF CHEMICAL ENGINEERS

the curvature of the flash curve the upper curve in Figure 5 is used.
For instance, to find the 3% point: it is séen from Figure 6 that the
3% point on the distillation curve is 130° F. and-on the distillation
reference line is 195° F., giving a difference of 65° F. Reading at
the 3% point on Figure 5, the difference for the flash curve will be
0.37 of this amount, or 24° F. The 3% point on the flash reference
line is 314° F. and therefore the 3% point on the flash curve will be
314 —24=290°F. In a similar manner sufficient points can be
determined to define the curve. :

The curve thus drawn is for a pressure of one atmosphere. Since
in practically all cases the pressure will be other than one atmosphere,
some method of reconstructing the flash curve for other pressures must
be used. Brown and Katz 2 presented a method of doing this in
1935. . The method is quite laborious, however, and it has been found
‘that for the pressures normally encountered in distillation equipment
the older method of displacing the flash curve parallel to itself at a
higher or lower temperature (depending on whether the pressure
is higher or lower than atmospheric) as determined from a Cox vapor
pressure chart is sufficiently accurate. The temperature at the point
of intersection of the flash and true boiling point reference lines
should be used for this extrapolation.

Under the conditions of the test the pressure at the flash zone
was 5.7 lbs./sq.in.ga., or 20.4 absolute. Allowing for the water in
the feed say the partial pressure of oil was 20 Ibs./sq.in. The point
of intersection of the flash and distillation reference lines is 650° F.
(Fig. 6.) From a Cox chart the 20 Ibs, flash curve will be 27° F.
above the atmospheric flash curve. Therefore, at the flash zone tem-
perature of 705° F. and 20 lbs., or 705 — 27 =678° F. and atmos-
pheric pressure; the per cent vaporized is seen to be 44.5% from the
flash curve of the feed on Figure 6. This will leave 55.5% of liquid
flowing to the stripping section of the tower.

-l /oo

BoTrToMs STRIPPING

“To determine the amount of this liquid that will be vaporized by
means- of the stripping steam in the bottorh of the tower, it will be.
necessary to construct the flash curve of this liquid (called the initial
bottoms). - Obviously, in the design of a distillation tower, the distil-
Tation curve of the initial bottoms is not known. It could be assumed
‘that the dtstlllatlon curve of such a stock is the same as that portion
of the distillation curve of the whole crude, which is known, corre-
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sponding to the yield of the initial bottoms. This would evidently
be in error since the liquid is in equilibrium with the vapors and,
accordingly, must contain appreciable quantities of these lighter
hydrocarbons. :

Perhaps the most direct method of predicting the atmospheric
flash curve of a reduced crude (or any reduced stock) which at the
same time is reasonably accurate is the following:

(1) Construct an atmospheric flash curve for the original crude.

(2) Determine the number of mols of both original crude and
reduced crude per given volume of original crude.

(3) I all but one drop of original crude were flashed at one
atmosphere, let it be assumed that this last drop would be in equi-
librium with the vapors corresponding to the yield of reduced crude
at a partial pressure of 1 atm. X mols reduced crude/mols original
crude.

(4) Extrapolate the 50% point of that portion of the flash curve
corresponding to the yield of reduced crude from the partial pressure
computed by (3) to 1 atm.

(5) If the reduced crude has been stripped of light ends, its
atmospheric flash curve is drawn through the extrapolated point
parallel to the flash curve of the original crude between the abscissas
corresponding to the yield of reduced crude.

(6) If the reduced crude has not been stripped of light ends, a
smooth curve is drawn from the split point on the flash curve of the
original crude to the 20% point on the flash curve constructed by
(5) to approximate the front end of the flash curve of the reduced
crude. Establishment of the 20% point as the point above which
unstripped light ends cease to affect the reduced crude flash curve
is, of course, entirely arbitrary but, at the same time, fairly repre-
sentative.

While the method outlined above is empirical to a large extent, '
it does have some theoretical justification. If all but one drop of
reduced crude were flashed, this last drop of liquid would be in
equilibrium with the reduced crude vapors at one atmosphere. It is
then assumed that if 100% original crude were flashed at one atmos-
Phere, the last drop of liquid would have the same composition as
the last drop of reduced crude. The basis for this assumption is
that the temperature difference between the boiling range of the
fast drop and that of the vapors removed in reducing the crude is
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usually so great that these vapors could be considered the equivalent
of steam or gas insofar as the equilibrium relations of the last drop
is concerned. Therefore, the last drop of liquid would be in equi-
librium with the reduced crude vapors at 1 atm. if 100% reduced
crude were flashed and at a partial pressure of 1 atm. X mols reduced
crude/mols original crude if 100% original crude were flashed.

Then, to locate the flash curve of the reduced crude, the 50%*
point on the portion of the flash curve of the original crude corre-
sponding to the yield of reduced crude is extrapolated on a vapor
pressure chart from a partial pressure of 1 atm. X mols reduced
crude/mols original crude up to 1 atm. If the reduced crude has
been stripped of light ends, the flash curve of the reduced crude is
drawn through this point parallel to that portion of the flash curve
of the original crude between 0% to 100% on the yield of reduced
crude. If there has been no stripping, the front end (0% to 20%)
must be approximated by a smooth curve, since the initial flash point
of the reduced crude must toincide with the split point on the flash
curve of the original crude.

Making the flash curves of reduced crudes parallel to the flash
curves of their original crudes was originally suggested by Piroomov
and Beiswenger and appears to be fully justified by their data. How-
ever, instead of extrapolating the 50% point on a vapor pressure
chart, they recommended a more complicated method involving the
approximate Clapeyron equation. '

Applying this method to the 55.5% initial bottoms for the case
under consideration, we find from Table I that the total mols of feed
is 780 mols/hr. The 55.5% initial bottoms is made up of 207 mols/hr.
of final bottoms (52.3%) and 3.2% of an intermediate product -esti-

mated to be 24° A.P.L and 300 mol. wt., giving 22 0202 X 76_

23 mols/hr. The 44.5 — 100% section of the atmospheric flash curve
of the crude feed will, therefore, be the flash curve of the initial
bottoms, when corrected for front end curvature, at a pressure of
14.7 x 207 +23

T 4.35 Ibs. abs. The 50% point on this section of

* To be consistent with the procedure outlined for shifting the flash curve
with variation in pressure, the intersection of the flash and T.B.P. reference lines
should be used instead of the 50% point. However, this is more complicated,
and the difference between the two methods is within the accuracy of the extra-
polation, since the intersection is very close to the 50% point for stocks having
comparatively high boiling ranges.
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the flash curve is 44.5% +-IO.;;44—'S-= 823% on crude, which,
from Figure 6, is seen to be 990° F. From a Cox chart we find that
990° F. and 4.35 Ibs. 1s equivalent to 1090° F. and 14.7 Ibs. There-
fore, in Figure 6 the atmospheric flash curve of the initial bottoms is
drawn through the point 1090° F. and 82.3% and is made parallel
to the flash curve of the crude feed. A smooth curve is drawn from
the point 44.5% and 680° F. which lies on the flash curve of the
crude feed and the 20% point on the atmospheric flash curve of the
initial bottoms just constructed. This corrects for front end curvature
due to the presence of light hydrocarbons.

In calculating the percentage stripped from this liquid by the
stripping steam, it is assumed that the initial bottoms is flashed in
the presence of stripping steam at the pressure existing on the top
stripping plate and at the exit temperature of liquid from this plate.
Actually, the lower stripping plates also vaporize some of the liquid
but the total vapors must pass through the top plate in the presence
of the initial bottoms. This results in a somewhat greater concen-
tration of these intermediate fractions on the top plate which changes
the flash curve of the total liquid and vapor in this zone. However,
«ufficient data are not available to evaluate this change, although in
cases where a large percentage of liquid is stripped out the indications
are that some correction factor must be applied to the calculated
quantity of steam.

From Figure 1, the test shows 5.7 Ibs. ga. above the top stripping
plate and 691° F. as the temperature of the tower bottoms. Let us
assume, therefore, that the temperature leaving the top stripping
plate is 695° F. Try 5% on the crude vaporized by bottoms steam.
This would be :

28780 X .05 X 7.6
300

The bottoms steam was 2,187 Ibs./hr., or 122 mols/hr., and the partial’
pressure of oil vapors would be '

= 36.5 mols/hr.

36.5
1224+ 36.5

The correction to the flash curve for this-pressure is 90° F.. There-
fore, checking the per cent off on the atmospheric flash curve of the
flashed crude at 695 + 90, or 785° F., it is seen to be 49%. 49— 445
gives 4.5% flashed by bottoms steam which closely checks the original

(147 +5.7) x = 4.7 Ibs.
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assumption. This would give 51% bottoms whereas the actual bot-

. toms is 52.3%. Therefore, 1.3% on the crude must be overflowing
from the plate above the flash zone. This will be checked by a heat
balance. ' .
, ;
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Fic. 7. Flash Curves of Nos. 1 and 2 Sidcstréms.

.

No. 2 SipEsTREAM TEMPERATURE

To calculate the temperature of the No. 2 sidestream drawoff.

reference is made to the flash curve of this product shown in Figure 7.

In this case it is necessary to use that section of the true boiling

point curve of the feed corresponding to the cut under consideration

to determine the flash curve of the product. This product must be

completely vaporized below the sidestream drawoff plate. . Accord-

. . ingly, the 100% point on the flash curve is used. To determine the
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partial pressure of the product plus reflux vapors, both of which
are of the same composition, the lighter vapors are considered to

be inert.
The total pressure at this point is approximately 5.0 lbs. ga. ard
161

700
negligible reflux below-drawoff plate and where 700 = total mols of

vapors passing this point, including steam.

The temperature correction for this pressure is 90° F,, and the
endpoint on the atmospheric flash curve is 665° F., giving a vapor
temperature of 665 — 90 = 575° F.

To check if there is any reflux below the No. 2 sidestream drawoff
plate, the heat removed to this point is:

Products— (218,000 — 124,000) (704 —

the partial pressure is (14.7 + 5.0) X—-==4.5 lbs. abs., assuming

575) x.64 = 7,750,000 B.t.u./Hr.
Overflash—28,780 X .013 X 7.6 X [(695
— 665) X .77 + 86] = 310,000
Steam— (2187 + 242) (695 — 575) X 47 = 143,000
8,203,000

where 704° is the average temperature of the product vapors
made up of 44.5% at 705° and 3.2% at 695° F
695° is the temperature of vapors from the bottom of
the tower, and
665° 1is the temperature of liquid overflow from the plate
-above the flash zone.

less heat removed by mid-circulating re-
flux (see Fig. 1 for temperatures)

5500 X 7.44 x (555 — 260) X .64 = 7,710,000

plus radiation 25 X 12 X n X (640 —50)
xX.2 = 110,000
7,820,000

where 640° is the average tower temperature in this section, and
50° is the average air temperature.

Heat removed by reflux below No. 2 S.S. = 383,000 B.t.u./Hr.
Quantity of reflux =
383,000+ [ (575 — 536) X .74 + 96] 3,050 1bs./hr,
at 220 M. W. = 14 mols/hr.

where 536° is the estimated temperature of reflux from the #2
S.S. drawoff plate.

which checks the assumption of negligible reflux below this plate.




68 ° AMERICAN INSTITUTE OF CHEMICAL ENGINEERS

The vapor temperature drop per plate between this section and
No. 1 sidestream drawoff is approximately 11° F. per plate.. This
would give a vapor temperature above the drawoff plate of 575—11=
564° F. :

The heat removed by reflux on the drawoff plate is:

No. 2 sidestream condensed and cooled to
stripper outlet temperature (taken
from test for brevity)
39790 % [(575 — 526) X .73 + 98] = 5,320,000
Lighter Products
(37,710 + 15,197 + 500) (575 — 564) '
X .62 = 365,000

Steam
(2,187 +242)(575—564) x 47 . = 13,000
Reflux below plate - 383,000
Radiation for this plate Negligible
6,081,000 B.t.u./hr.

and the reflux quantity is '
6,081,000 = [ (564 — 516) X .74 + 98] 45,500 Ibs./hr.
at 210 M.W. 217 mols/hr.
where 516° F. is the estimated temperature of reflux entering
the plate.

Now to determine the temperature of liquid product being withdrawn
it is necessary to determine the initial point on the flash curve of the
product at the existing partial pressure of hydrocarbon vapors. Since
* the liquid is in equilibrium with the total vapors passing through the
plate, it will contain considerable low boiling hydrocarbons. Some of
these are stripped out in the sidestream stripping column and some
remain in the final product. Test data have been correlated to permit
using the initial point on the flash curve of the cut on the true boiling
point curve of the feed and applying a correction factor to the tem-
perature thus determined to allow for the above factors and arrive
at the true drawoff temperature. This correlation is presented in
Figure 8. .

The partial pressure of the oil vapors considering steam and gas
as inert is o

n

217 + 158 + 237

(i4.7 + 5') ( ) = 15.94 abs.

217 + 158 + 237 + 144

where 144 is the total mols of steam and gas present. The temperature
correction for this pressure is 8° F., and the initial point on the
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atmospheric flash curve of the cut is 607° F., giving 615° F. on the
. 159 Ib. flash curve. From Figure 7 the initial point on the cut
on the true boiling point curve is 530° F. and from Figure 8 the
correction for 530° F. initial point on the cut on the true boiling
point curve is 74° F.  The temperature of the liquid leaving the plate

will, therefore, be
615~ 74 =541°F.

which checks the test temperature of 536° F.
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Fic. 8. Temperature Correction. for Calculating Sidestream Drawoff
Temperature—Crude Distillation Towers.

No. 1 SipeEsSTREAM TEMPERATURE

To check the temperature of the No. 1 sidestream drawoff, the
flash curve of this cut is shown in Figure 7. The partial pressure
of the product plus reflux vapor is

237 + 360

(147 +4.5) x =

= _12.7 Ibs. abs. .-

where 360 = assumed mols of reflux below drawoff plate
and 902 = total mols of vapors passing this point including
reflux and steam.




70 AMERICAN INSTITUTE OF CHEMICAL ENGINEERS

- The temperature correction for this partial pressure is 10° F, and
. the endpoint on the atmospheric flash curve is 457° F., giving a vapor
temperature of 457 — 10, or 447° F.
To check the assumed quantity of reflux, the heat removed to this
point is: ,
Reflux below No. 2 S.S. drawoff - = 383,000 B.t.u./Hr.
Heat from No. 2 S8.8.
39,790 X [(575— 526) x .73+ 98] = 5,320,000

Light Products
(37,710 + 15,197 + 500) (575 — 447)

- X .58 = 3,970,000
Steam
(2,187 + 242+ 57) (575—447) X 47 = 149,000
9,822,000
Less radiation
25X 12X a X (500—50) x .2 = 85,000
9,737,000

Quantity of reflux

9,737,000 + [ (447 — 349) x .68 + 108] = 56,000 1Ibs./hr.
at a mol wt. of 135 = 360 mols/hr.
= 8,300 gals./hr.

' at 6.75 Ibs./gal.
. . where 349° is the estimated temperature of reflux from the
#1 S.S. drawoff plate.

The vapor temperature drop per plate between this section and
the top of the tower is approximately 33° F. This gives a vapor
temperature above the drawoff plate of 447 — 33 =414° F. The heat
removed by reflux on the drawoff plate is:

No. 1 sidestream condensed and cooled to
stripper outlet temperature (taken from
test for brevity)
37,710 X [(447 — 333) % .675 + 106.5] = 6,920,000 B.t.u. /Hr
Li hter Products

(15 197 + 500) (447 — 414) x .565 = 290,000
Steam

(2,187 + 242 + 57) (447 — 414) X 47 = - 40,000
Reflux 9,737,000
Radiation for one plate . Negligible

16,987,000 B.t.u./Hr.

98,500 1bs./hr.
680 mols/hr.

) at 145 M.W.
. where 325 is the estimated temperature of reflux entering the plate.

and the reflux quantity is
16,987,000 + [ (414 — 325) X 68 + 112]
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The partial pressure of the oil vapors is therefore

158 +680 \ _
(147 + 4.5) (158+680+ 147) = 16.4 Ibs. abs.

where 147 is the mols per hour of steam and gas.

The temperature correction for this pressure is 12° F. and the
initial point on the atmospheric flash curve is 358° F., giving 370° F.
on the 16.4 Ib. flash curve.

From Figure 7, the initial point on the cut on the true boiling point
curve is 265° F. and from Figure 8 the correction factor will be
14° F. The temperature of the liquid leaving the plate will be

370 — 14 = 356° F.
which checks the test temperature of 349° F.

Topr oFr TowER TEMPERATURE

The total pressure at the top of the tower is 14.7 + 3.7 = 18.4 Ibs.

abs. The total steam in the tower is 2,566 Ibs. per hr., or 142 mols/hr.
. . . 167.1

Therefore, the partial pressure of the oil vapors is 18.4 xm
=9.95 Ibs. abs. The endpoint on the atmospheric flash curve of the
overhead oil vapors as shown in Figure 6 is 205° F. and the tempera-
ture correction for a partial pressure of 9.95 lbs. abs. is 22° F., giving
a calculated top of tower temperature of 183° F. which checks the
test temperature of 180° F. The endpoint on the flash curve is used
since the product must exist as a vapor at the top of the tower; The
partial pressure of water vapors is 18.4 — 9.95 = 845 Ibs. abs., and
the vapor pressure of water at 183° F. is 8.02 Ibs. abs., so that a small
quantity of steam will be condensed in the tower. N

The total heat removed by the top pumparound reflux as deter-
mined from the test (see Figure 1) is:

468,000 x (177 — 102) X .542 = 19,000,000 B.t.u./Hr.
by heat balance
Reflux below No. 1 S.S. drawoff = 9,737,000 B.t.u./Hr.

Heat from No. 1 S.S.
37,710 X [(447 — 333) X 675 4+ 106.5] = 6,920,000
Overhead and Gas

< (15,197 + 500) (447 — 180) x .505 = 2,120,000
team
. 2,566 x (447 — 180) x .47 = 320,000
19,097,000
Less radiation
215 X 12x 7 x (310 — 50) % .2 = 42,000

19,055,000
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which checks the test heat removal and thereby gives a check on the
amount of products vaporized at the flash zone and in the bottom
of the tower. This shows that the calculated 1.3% of overflow from
the plate above the flash zone is approximately correct.

It is of interest to note that in all cases where the lowest side-
stream in a tower is fractionated, there must be some overflow from
the plate above the flash zone since the purpose of the fractionation
is to remove the entrained and vaporized high boiling materials. In
this particular case the overflow is 1.3% on the feed or 2.7% on the
total overhead products. The No. 2 sidestream was well fractionated
as indicated by the nearly straight line distillation as well as the fact
that the endpoint by A.S.T.M. distillation was 730° F. as compared
with a cut point of 735° F. on the true boiling point curve of the
feed. The fractionation, however, was not as good as true boiling
fractionation and it is estimated from other data available that to
simulate true boiling fractionation another 2.5% on the feed would
have to be fractionated out. This would give a total of 3.8% on the
feed or 8.49% on the reduced amount of total overhead as entrained
plus vaporized high boiling materials. In the design of new facilities,
therefore, it is well to provide for at least 4% overflash.

FRACTIONATION

To determiine the number of plates and reflux ratio required for
a given degree of fractionation or vice versa, an empirical correlation
which was obtained from plant and laboratory tests is used. Figure 9
covers this correlation for fractionation between the overhead product
and top sidestream of a column and Figure 10 is for fractionation
between two sidestreams. The degree of fractionation is measured
as the gap or overlap between the 95% point of the lighter product
and the 5% point of the heavier product, both being by A.S.T.M.
distillation (distillate plus loss). The factor “F” is equal fo the
product of the reflux ratio and the number of plates between the two
products under consideration. The reflux ratio is defined as the
liquid volume ratio measured at 60° F. of the hot reflux below the
drawoff plate of the lighter product to the sum of the products lighter
than the heavier product. This means that the reflux ratio and num-
ber of plates are interchangeable for a given fractionation. Theoret-
ically, this holds quite accurately for the degree of fractionation
normally desired and the number of plates and reflux ratios normally
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used, i.c., 5to 10 and 1 to 5, respectively. The numbers on the curves
refer to the separation in ° F. between the 50% point of the heavier
product and the 50% point of the sum of the lighter products, both
measured on the A.S.T.M. distillation curves of the individual prod-

ucts. The correlations are on this basis since in the majority of the

1 FOR OVMD-TOP SIDESTREAM OMLY
2. SOLID CURVES FOR NO STEAN-DOTTED CuRvEs
FOR MAX. STRIPPING STEAM GEMERALLY USED

3 NUMBERS ON CURVES REPRESENT *F DIFF IN 30%
DISTILLATHON POlNTS BETWEEN OVHD AND TOP SS

NOYE REFLUX RATIOSGALS HOT OVERFLOW/ TOT GALS
QOUCT WA PORS EMTERING TOP PLATE.

d
FRF A%
[ 14 1! 1! i st
A T 1 L Y . b
FA ] I FATE] so
I L] “
i/ / [ 1 i oY
J ¢3 - 4 / 7 =
AR, T
A ATA :
W y zolﬂ
P 7 71— ®
// 1’/']/,7/ d /7/ 3
7 7
d s
1A NA XA S =
ps > o Z 7 7 'g-
= 1= A V- 77 HE
i ”
‘l
’D
g
“5
3=
2

50 40 30 20 W O, © W X 4 N € ®W W w0
FRACTIONATION 5'5".55 DISTILLATION POINTS

Fic. 9. Fractionation Curves for Overhead to Top Sidestream Products

tests the true boiling point curves of the feed were not available. In
the design of a unit, however, the reverse is true, i.e., the true boiling
point curve of the feed is known but the A.S.T.M. distillations of
the products are not known and it is necessary to use the 50% points
of the cuts as determined from the true boiling point curve of the
feed. This gives about a 5° F. greater gap than can actually be
expected.
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To calculate the fractionation between the overhead and No. |
sidestream, reference is made to Figure 1.

The number of plates between cuts, considering the two top pump-
around reflux plates as equivalent to one fractionating plate, is eight.
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Fic. 10. Fractionation Curves for Sidestream to Sidestream Products.

The hot reflux below the lower pumparound reflux plate ren;oves
19,055,000 B.t.u./hr. less the heat corresponding to the temperature
drop through the two refilux plates of

Overhead
(15,197 + 500) (198 — 180) X .445 = 126,000
Steam .
2,566 x (198 — 180) X 47 = 22000

148,000 B.t.u./Hr.
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or 18,907,000 B.t.u./Hr.
The hot overflow is therefore
18,907,000 + [(198 — 177) X .575

+138)] = 126,000 1bs./hr.
at 105 M. W. = 1,200 mols/hr.
at 6.16 1bs./gal. = 20,500 gals./hr.

The overhead product plus gas is 2,716 gals./hr., so that the reflux
ratio is 20,500 + 2,716 = 7.6.

F=8x76=61

The 50% point of the No. 1 sidestream cut is 415° F. and of the
overhead, 185° F.

The separation = 415 — 185 = 230° F.
Reading from Figure 9 and interpolating, the gap would be

No steam StHpping ......ceveevenoans 65° F. gap
Complete steam stripping
(02 1bs/fgal) ..ooviiiinnnnaannes 74° F. gap

The stecam used in the test was —gg—;-ga= .014 1bs./gal. which would

give 65+ 9 X '0;4 =66° F. Subtracting 5° due to the use of the

true boiling point curve for the 50% points of the cuts gives 61° F.
gap which checks the test result of 310 — 250 =60° F.

To determine the fractionation between the No. 1 sidestream and
No. 2 sidestream, the amount of hot reflux below the No. 1 sidestream
has been calculated to be 8,300 gals./hr., and the reflux ratio is

8,300 + (116 + 2,600 + 5,550) = 1.0
The number of plates between No. 1 and No. 2 sidestreams is 10.
F=10Xx1=10

The 50% point of the total product vapors entering the first sidestream
drawoff plate is obtained from the true boiling point curve as 345° F.
(14.3% point on crude feed) and the 50% point of the No. 2 side-.
stream cut is 635° F.

S =635— 345=290° F.

From Figure 10, the gap would be

No steam stripping ......c.ceevvenonn-- 14° F. gap
Complete steam stripping - .....c...c..- 31° F. gap
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The steam used in the test was TiO%= 01 1bs./gal., which would

give 14 + 17 _Oi =15° F, Subtracting 5° F. due to the use of the 50%

point of the cuts on the true boiling point curve instead of the A.5.T.M.
curves gives a 10° F. gap which checks the test results of 530 — 520 =

10° F. gap.
Varor VELOCITIES

The maximum vapor velocity will occur just below the top pump-
around reflux circuit. At this point the quantity of vapors is:

reflux ..veiiiiiiiireaaan 126,000 1bs./hr. 1200 mols/hr.
overhead .......cccveeennn 15,197 158
-1 J 500 9
TStEAMl cieveaviecacacarane 2,566 142
Total +vreirnanannannn 144,263 | 1509,
giving 95.5
Mol. Wt.
_ 1509 x 359 _ (460+198) 147
Vapor volume = 3600 X 390 X 124
= 1610 cu. ft./sec.

Vapor velocity = -ﬁ,‘,l—il%g = 1.43 ft./sec.

The allowable vapor velocity is then estimated from the entrainment
formula

TXS
MXP

when v, = allowable velocity in ft./sec.
T = vapor temperature in ° R.
S = liquid specific gravity
M = vapor molecular weight
P = operating pressure—in inches o{ Hg. absolute
6.65 = factor for maximum velocity with high fractionating
efficiency when using 2’ 6" plate spacing

(460 + 198) X .74

v, = 6.65 A

Allowable velocity 2, = 6.65 ,‘/ 955 % 184 % 203 X 1.00
=2.35 Ft./sec.
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where 2.03 is a conversion factor for 1bs./sq.in. to inches Hg. pressure

and 1.09 is the coefficient of expansion of the liquid.
From the above it will be seen that the tower is considerably larger
in diameter than is required. This fact was realized at the time the

unit was constructed.

GENERAL

Methods are available for calculating the temperature of the cir-
culating reflux streams leaving the tower as a function of the vapor
temperatures above and below the reflux plates, the heat transfer rates
on the plates, the plate surface, and the total heat removed.

Methods are also available for calculating the amount of steam
required in steam strippers, the number of plates, the percentage of
the product stripped out and the flash and distillation increase in
the stripped products. :

Test data correlations also permit the prediction of the yield of
a product of given characteristics from a feed stock, the true boiling
point curve of which is known.

Calculations on the above have not been included in this Paper

due to the detail required.

SUMMARY

A summary of the test and calculated results is as follows:

Calculated Test

No. 2 sidestream drawoff temperature, *F. ...... 541 536
No. 1 sidestream drawoff temperature, °F. ...... 356 349
Top of tower temperature, °F. ......... ..o 183 180
Heat removal! by top reflux, MM B.tu./Hr. .... 19.1 19.0

Gap between 95% point of overhead and 5% point
gf No. 1 sidestream on A.S.T.M. distillation,

B et isenreseereanntaaasataaseasennann 61 60
Gap between 95% point of No. 1 sidestream and
5% point of No. 2 sidestream on A.S.T.M.
distillation, * F. ..cciiiinieniiianaanccananas 10 10
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Discussiox

A. J. Hoiberg (Lion Oil Refining Co., El Dorado, Arkansas):
I would like to ask the significance of the negative numbers on the
lIast chart.

J. W. Packie: That was the overlap in degrees Fahrenheit be-
tween the 95 per cent point of the light product and the 5 per cent
point of the heavy product. In other words, if the 95 per cent
point of the light product were 300 degrees, and the 5 per cent
point of the heavy product were 280 degrees, then the gap would
be minus 20 degrees. :
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Uop ENGINEERING DEPARTMENT

CUSTOMER —é’?—é&ﬂ&é—m&iﬁ@ﬂ—— PAGE NO.
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Hyprotech’s Process Simulator HYSIM - Licensed tao UOP

Date 91/9/10 Version 386!C1.50 Case Name ENGRSEM1.SIM
Time 7:48:22 Prop Pkg PR Column Name DEBUT
Eng. Design Seminar Debutanizer
xx%x% Stage Variables ##**%*
Reflux Ratio 6.41966 = 2/p
Reflux Subcooled to 120.00 F
Stg Press Temp Flow Rates ( Lbmole/hr ) Duty
No Psia F Liquid Vapour Feed Draws |MMBtu/hr
1 100.0 120.0 1171.3 182.5 L =11.280
2 105.0 138.5 1207.6 1353.7
3 105.2 145.1 1204.5 1390.0
4 105.4 149.7 1191.2 1386.9
5 105.6 154.7 1168.7 1373.7
6 105.8 161.3 1139.9 1351.1
7 106.0 169.8 1111.9 13z22.4
8 106.3 179.4 1091.0 1294.3
9 106.5 188.4 1076.3 1273.4
i0 106.7 196.3 1041.3 1258.8
11 106.9 207.7 877.6 1223.7
12 107.1 247.6 631.9 1060.0
. 13 107.3 324.6 3484.5 814.3 2928.1
14 107.5 325.4 3501.4 738.9
15 107.7 326.1 3514.6 755.7
16 107.9 326.7 3526.0 769.0
17 108.1 327.3 3536.9 780.4
18 108.3 327.9 3548.4 791.2
19 108.5 328.7 3561.5 802.7
20 108.8 329.6 3577.2 815.9
21 109.0 330.9 3596.7 831.6
22 109.2 332.8 3621.5 851.1
23 109.4 336.0 3655.2 8§75.9
24 109.6 342.6 3710.2 909.6
25 109.8 357.2 3828.8 964.6
26 110.0 384.3 1083.2 2745.6 L 18.245

cvr @eseov R/ - 132 o.yo0
. A’ 8.3

L2 renvs
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Hyprotech’s Process Simulator HYSIM - Licensed to UOP

pDate 91/9/10 Version 386|C1.50 Case Name ENGRSEM1.SIM
Time 7:48:22 Prop Pkg PR Column Name DEBUT
Eng. Design Seminar Debutanizer .

k%% Products **kk

Leaving from stage 1 26
Product Phase Liquid Liquid
Assigned to Stream Name DEB_OVHD_LIQ DEB_BOTTS
Temperature - F 120.00 384.31
Pressure - Psia 100.00 110.00
Propane - Mole Frac 0.156509 0.000002
| i-Butane - Mole Frac 0.125813 0.000392
n-Butane ~ Mole Frac 0.707679 0.009605
‘ i-Pentane - Mole Frac 0.008007 0.033063
| n~-Pentane - Mole Frac 0.001985 0.068202
‘ Cyclopentane - Mole Frac 0.000008 0.003980
céenaph - Mole Frac 0.000000 0.884756
Total Flow - Lbmole/hr 182.45 2745.63




Hyprotech’s Process Simulator HYSIM - Licensed to UOP

Date 91/9/10 Version 386)C1.50 Case Name ENGRSEM1.SIM
Time 7:58:42 Prop Pkg PR Column Name DEBUT
. Engr. Design Seminar - Debutanizer Alternate (70%)

*kk%% Stage Variables *x*x*

Reflux Ratio 9.53401
Reflux Subcooled to 120.00 F
Stg Press Temp Flow Rates ( Lbmole/hr ) Duty
No Psia F Liquid Vapour Feed Draws |MMBtu/hr
1l 100.0 120.0 1862.8 185.4 L -17.198
2 105.0 138.7 1534.4 2058.2
3 105.3 144.6 1935.8 2129.8
4 105.5 148.4 1923.3 2131.1
5 105.8 152.2 1895.5 2118.7
6 106.1 157.5 1850.5 2090.8
7 106.3 165.5 1778.6 2045.9
8 106.6 178.4 1556.2 1974.0
9 106.8 214.7 1080.0 1751.6
10 107.1 305.4 3747.3 1275.4 2928.1
11 107.4 307.1 3777.0 1014.6
12 107.6 '308.7 3806.0 1044.4
. 13 107.9 310.6 3836.7 1073.3
14 108.2 312.6 3870.2 1104.0
15 108.4 314.9 3906.8 1137.5
16 108.7 317.5 3945.9 1174.2
17 108.9 320.9 3986.7 1213.2
18 109.2 326.3 4031.9 1254.0
19 109.5 336.6 4098.4 1299.2
20 109.7 356.6 4249.4 1365.7
21 110.0 387.1 1516.8 2732.7 L 24.594

s




Hyprotech’s Process Simulator HYSIM -
Date 91/9/10 Version 386|C1.50
Time 7:58:42 Prop Pkg PR

Licensed to UOP
Case Name ENGRSEM1.SIM
Column Name DEBUT

Engr. Design Seminar - Debutanizer Alternate (70%)

*%x%x* Prod

ucts *xx%

Leaving from stage 1 21
Product Phase Ligquid Liquid
Assigned to Stream Name DEB_OVHD_LIQ DEB_BOTTS
Temperature - F 120.00 387.11
Pressure - Psia 100.00 110.00
Propane ~ Mole Frac 0.146165 0.000000
i-Butane - Mole Frac 0.121697 0.000092
n-Butane - Mole Frac 0.727139 0.004909
i-Pentane - Mole Frac 0.003705 0.033489
n~-Pentane - Mole Frac 0.001286 0.068566
Cyclopentane — Mole Frac 0.000008 0.003999
cénaph - Mole Frac 0.000000 0.888944
Total Flow - Lbmole/hr 195,39 2732.69
E_. DweNdb Osepnupe D2 b EIFPmo EicecouSsg bE WS
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Hyprotech’s Process Simulator HYSIM - Licensed to UOP

Date 91/10/9 Version 3861C1.50 Case Name ENGRSEM1.S5IM
Time 5:44:55 Prop Pkg PR Column Name DEBUT
. Engr. Design Seminar - Debutgnize;,_Awlw,terp_gte‘_v_ (‘70%)

k%% Stage Variables ***%

Reflux Ratio 7.02596
Reflux Subcooled to 120.00 F
Stg Press Tenp Flow Rates ( Lbmole/hr ) Duty
No Psia F Liguid Vapour Feed Draws MMBtu/hr
1 100.0 120.0 1281.8 182.4 L -=12.200
2 105.0 138.6 1320.9 1464.2
3 105.2 145.3 1316.8 1503.4
4 105.5 150.1 1300.7 1499.2
5] 105.7 155.5 1273.4 1483.1
6 106.0 162.8 1239.3 1455.9
7 106.2 172.2 1205.1 1421.7
8 106.4 182.9 1157.1 1387.6
9 106.7 197.2 981.7 1339.6
10 106.9 238.8 696.9 1164.2
11 107.1 321.1 3519.3 879.3 2928.1
12 107.4 322.0 3537.5 773.7
. 13 107.6 322.8 3552. 4 791.8
14 107.9 323.5 3566.1 806.8
15 108.1 324.3 3580.0 820.5
16 108.3 325.2 3595.6 834.4
17 108.6 326.3 3613.9 849.9
18 108.8 327.8 3636.3 868.3
19 109.0 329.9 3664.1 890.6
20 109.3 333.4 3701.2 918.5
21 109.5 340.7 3760.0 955.5
22 109.8 356.3 3885.4 1014.3
23 110.0 384.3 1139.8 2745.6 L 19.174




ess Simulator HYSIM -
Version 386|C1.50
Prop Pkg PR

Hyprotech’s Proc
Date 91/10/9
Time 5:44:55

Engr. Design Seminar - D

+xx% Prod

Licensed to UOP
Case Name ENGRSEM1.SIM
Column Name DEBUT

ebutanizer Alternate (70%)

ucts #*%*x%

Leaving from stage 1 23
Product Phase Liquid Liquid
Assigned to Stream Name DEB_OVHD_LIQ DEB_BOTTS
Temperature - F 120.00 384.30
Pressure - Psia 100.00 110.00
Propane - Mole Frac 0.156522 0.000002
i-Butane - Mole Frac 0.126354 0.000356
n-Butane - Mole Frac 0.707130 0.009647
i-Pentane - Mole Frac 0.007472 0.033099
n-Pentane - Mole Frac 0.002507 0.068167
Cyclopentane - Mole Frac 0.000014 0.003980
cénaph - Mole Frac 0.000000 0.884749
Total Flow - Lbmole/hr 182.43 2745.65
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DEVSITY AT 200 = dy =(#£97)(0.43%) = 37.5 L&/Fr*

VOP17-1031A




UOp

ENGINEERING DEPAATMENT

customer _ BALINGENLING DeSicn) SEMNNAR. Pace no. __ 5~
SUBJECT DATE la/l.f/?l
CAUDE UAMIT DESICA PROJECT
CAMDE TowER SIZE] 7oAy LOWDIAGS By N MILLEC .,
TRAYS BeTWEEN TET FUEL DRAW AVD D/e35¢L DRAW 7RAY,

IGNoRe FoOR TitE P1oa]€NT 7w Pyl AROYNO TTAYS N THIS

SECTIoN.

THEY wiLL g

CALCUCATE D SSPARATELY.

ERHEAT VAfoL

76 W] Fusl SIR)INERL
NET| TJET FyeL FRoDUCT

NeTE JET PudL-

STRIIPER. [nSIDE
EANVEDPE

-

v TEMPAATYRET FRov EXCESS WEAT COLLUATr0NS
v L ( SE Page 20)
T=445%  T=428°F

MATERIAL BaLAw c&
V' + (esreux) + (37 srr

un) * L+ (ol HeAd iafoR) * (WT W%

2275 + 765083 + /76035

y = /2 235 Ldﬁ#&

INTECHAL REFLUX N4 THE SARE FROPILTIES AS DpRAN TPy L/Pvi
MW= (83.3 APLx $33 | WOPK wJL97 (3 PAGE o)
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