DDS 251-1

DESIGN DATA SHERTS
BUREAU OF ENGINEERING, NAVY DEPARTMENT

FJORCED DRAF? BLONERS, DUCT WORK FOR
1 June 1535

A. REFERENCES,

A-l. General Specifications for Machinery, Subsections S38-4 and 953-1.
A-2. *Fan Engineering" of Buffalo Forge Company.

B. GENERAL DESIOGN.

B-1. Poroed draft blowers are required to draw air from the upper decks
throngh suitable ducts to the fire rooms or to the boiler casings.

B-2. As regards the design of the blower proper, it is very difficult
to predict with any degree of accuracy, by means of calculation, the per-
formance of a new design of blade. Such fans are generally developed by
the manufacturers by means of a cut and try process. Also the effect of
the intake housing and exit diffuser on fan performance is very great.
However, once the performance of a given type of hlade, intaks and diffuser
combination is known under a certain set of circumstances, performance under
a different set of circumstances can be accurately predicted by means of
calculation. Menufacturers always supply the Bureau with perfarmance char-
acteristics of their fans and it is a very simple matter to calculate the
effect of changes in speed, pressure, etc. on this performance as will be
shown under "Detail Design”,

B-3. The bringing of air from the upper decks to the firs rooms or
other points below decks involves considerable calculation centering around
the design of the duct work so as to reduce the pressure drop through thig
space to a minimum. Space is at a premium as is power required to overcome
air resistance, therefore, although duct design is not under the cognizance
of the Bureau of Engineering, such design must be approved by the Bureau and
it is the duty of this Bureau to calculate the resistance to airflow therein,
in order that the hlower may be properly applied, and the design should be
carefully studied for faults.

B-4. 411 air intakes should be bell mouthed. All right angle bends
should ocontain dividing guides. 411 sharp turns should be avoided if pos-
aible. Pipe sections should be gradually, not sharply enlarged or reduced.
When the air enters the fire room or other space where the velocity is very
low, a diffuser should always be used.

0. DETAIL DESIGN.

C-1. Air subjected to the pressures ordinarily used in ventilating work
is ocompressed very little, therefore, the laws as apply to the flow of




Do853-1 -_-

water will apply here, correction being made for the weight of air. For
ordinary velocities, the flow will be turbulent and the friction and
shock losa will vary as the square of the velocity.

C-2. In order to determine pressure drop through any sort of an air
duct it must be realized that the pressure in the duct is made up of
two components, one, velocity pressure which is dynamic and due to the
Kinetic energy in the moving air; and the other, static pressurs, pos-
sibly negative, which is due to the potential energy, of the air being
confined in the duct at a higher or lower pressure than atmospheric.
When air starts through a duct which has a tortuous path, and the sec-
tion of which changes, the values of valocity and static pressurs will
change, riaing and falling, as one is converted into the other depending
on conditions, but the total will continually decrease due tc the losses.
The problem is t¢ dqtermine what the change in heads or pressurss is in
each portion of the duct. The pressures finally resulting at the fan
indicate fan performence necessary.

NOTATION

v = velocity of air in feet per minuts.
Py = velocity head or pressure in inches of water.
Py = atatic head or pressure in inches of water.
Py = total head or pressure in inches of water.
w = welght of air in lbs. per cubic foot.
C.F.M. = cublc feet volume of air per minutas.
R.P.M. = revolutions per minute.
H.P. = horsepower.

FORMULAS

v = 1096.5 /}52.

For "Standard Air", that is 68°F and 29.92 barometer, W = ,07.438
lbs. per cu.ft. and then ve becomes
2

4005 | Py or Pv = 11 % 107

Py + Py

[}

v

Py,

A8 regards the performance of any fan:

Capacity or C.F.M. is directly proportional to speed or R.P.M.
Pressure, Py, 13 proportional to the square of the apeed or R.P.M.
Horsepower is proportional to the cube of the speed or R.P.M.
These three effects take place simultaneously.

Assuaing the sub-letters to denote different speeds, then

(C.F.M.))  _ (R.P.M.)

(c.F.u.)2 (R.P.N.),

P (R.P.N.)?2
1

P‘ = (a.P.n.5§
a2 2

(HP)y (R.P.n.)%

(H.P.)2 (R.P.u.)g
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(Static pressure at fan outlet.
Total pressure of (+ velocity pressure at fan outlet.
fan equals (+ static pressure (draft) at fan inlet
(- velocity pressure at fan inlet.

(Static pressure at fan outlet.
Static pressure of (+ static pressure (draft) at fan inlet.
fan equals (- velocity pressure at fan inlet.

C-3. One of the greatest losses is due to the shock of the moving
alr entering the mors or less stationary air of the fire roow. To min-
imize this shock and energy loss due to the impact the air should be
led into the fire room, or other space Lo be ventilated, at low speed.
This speed reduction is accomplished most efficiently by means of a dif-
fuser. The diffuser should be proportioned according to the correct
sate of change of speed.

C-4. The following expression covers a diffuser of rectangular sec-
tion. However, the area ia the governing feature and, regardless of
shape, circular or what not, the area can be made eyuivalent to that de-
termined by the method following.

C-5. In a rectangular diffuser or length,.£, having one peir of sides
parallel, if the half-breadths at the small and large ends are respec-
tively y) and y;, the half-breadth, y, at the distance, x, from the small

end is given by
1 I § R 4 1 -1
iy Ay, 'ZZ'[:.,;I 1.,;;]

Figures 1 to 5 show the losses to be expected in ordinary duct work.
Converging nozzle loss is not shown because this loss is so small it may
be neglected where the total angle of convergence is not greater than 45°,

It will be noted that Fig. 3 shows friction loss in circular pipes.
In the case of rectangular pipes, the value of the expression _2 ab
where a and b are the two sides, may be substituted faor a+b
the diameter on the curve.

C-6. This curve, Fig. 3, covers ordinary galvanized iron swedge pip-
ing or duct work. )

C-7. Armored grating reasistance is not shown but this may be taken
as 50 per cent Py loas for gratings with circular holes with rounded
edges. In other words, the gain in velocity head which depends on the
8ize and number of holes should be calculated and half of this taken as
the loss.

C-8. The existing practice is for the boiler manufacturer to guaran-
tee satisfactc:y operation of his equipment with a fire room pressure
of a certain amount, generally eight inches of water. Of course part
of this pressure is absorbed in the uptakes, armored gratings and smoke
Pipes, but this is generally of the order of 0.5 inches of water or less
than ten per cent.

C-9. The amount of air necessary is calculated on the basis of 300
cu.ft. per pound of oil when the boilers are operating at the 20% over.-
load condition and the correaponding air pressure. The weight of oil
which must be consumed is obtained from ship's contract and boiler
mnufacturer's guarantee which is made on the basis of the evaporation
rate per pound of oil. This appears on the boiler plans.
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C-10. Knowing the volume or amount of air and the area of entrance to
the air intake, the velocity and the corresponding velocity pressure can
be calculated. It should be borne in mind that all of the energy imparted
to this air ls supplied by the fan and that this velocity pressure is part
of the total presaure which the fan must exert. The static pressure at
the intake entrance is, of course, atmospheric or zero inches of water
(gauge). From this pnint on we may calculate changes in pressure and add
or subtract them, as proper, until we reach the fan or fire room. Thias is
shown in the sample calculation to follow.

D. SAMPLE CALCULATIONS.

D-1. SAMPLE CALCULATION NO. 1.

D-la. It is desired to bring 56,500 cu.ft. of air to each of three
fire rooms on an aircraft carrier. These fire rooms are situated adjacent
to each other and all the air ia brought through a common trunk to a point
just above the three fire rooms where the air is distributed. The sketch,
Fig. 6, shows the general arrangement and dimensions of the inlet duct. At
the point, D, the division of air takes place. The furthest fire room ia
at G, some 40 feet away and this should consequently entail the greatest
entrance loss. The rejuired static pressure in the fire rooms is 6.8 inches
of water.

D-1b. What should be the characteristics of the blower situated in
each fire room?

D-lc. The calculation of the duct loss or resistance follws for each
saction. Under each letter heading, the loas is calculated up to that let-
ter point of the aketch. It will be noted that under A, the entrance loss
is given as velocity pressure. The energy required to accelerate the air
up to this velocity must, of course, be supplied by the fan.

Al !
= 1540 ft./min., Pva = 1540 = 0.147 inches.
1.61 x 10" .
B.
Entrance Loss = 0.5 Py = 0.5 x 0.147 = 0.0735 inches.
See Fig. 1. &

See Fig. 3, 10.5 £t. = 126 inches.

0.028 inches cf water per 100 ft.

0.12 x 0.028 = 0.00336 inches of water drop.

P.b 0 - 0.00336 - 0.0735 = ~0.07686

Py’ = 0.147

b
c.

See Fig. 5. This is half of a right angle bend with a 50% radius.
Loss is one half of 95% or 47.5% velocity head

0.475 x Py, = loss.

0.475 x 0.147 = 0.07 inches of water.
Loss through the duct ls

0.14 x 0.028 = 0.00392 inches of water.
-0.07686 - 0.07 - 0.00392 = -0.15078
0.147

ihou

Pge
Ve

[T
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D

Half of right angle bend. This completes the other half so pressurs
drop is 0.07 inches of water.
Equivalent diameter of duct is

2ab . 2 x 10 x 13 = 260 =
T b 10 + 13 23 11.3 feet.
or 136 inches.
See Fig. 3. 0.022 inches water per 100 ft.

0.09 x 0.022 = 0.00198 inches water drop.
2

Pvy = 1270 = 0.1 inches.

1.61 x 107

Since there ia no diffuser it ia assumed that the change in velocity
head is completely loat, there being no mtatic regain.

This loas 1is PVc - PVd = 0.147 - 0.1 = 0.047
Pgy = -0.15078 - 0.07 - 0.00198 - 0.047

Ps, = -0.26976

d

x.

Assume the change ir section Plus the right angle bend to result in
velocity head loss of the elbow effect only which would be 95% velocity
head (refer to Fig. 5) then

0.95 x 0.1 = 0,095 loss.

Loss dus to change in velocity head is difference between velocity
heads at D and E. 2

New velocity head is Pv’ = 2350 = 0.343 inches.
1.61 x 10

0l1d velocity head was Py, = 0.1

Loss, which should be substracted from static head is P, - Pvd =
0.343 - 0.1 = 0.243 inches. *

Pae = -0.26976 - 0.095 - 0.243 = -0.608

F.
In entering the large area, all velocity head i1s lost. The friction

drop through down to the armor grating may be neglected. At the armor grat-

ing entrance the velocity is
Cve = 29-32‘)&@ = 1885 ft./min.

P =—m_.7=0.22 inches.
Ve 1.61 x 10 en

Pgp = 0.608 - 0.343 = 0.951

G.
Velocity through grating.

v = 5_61;0_0 = 3325 ft./min.

Change in velo%%ty head is as follows:

P, = ——221—7 = 0.688 inches.
Y l.ax10
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Py - Pyp = 0.688 - 0.22 = 0.468 change.
Half of this-is lost.

_Qaéﬁ_. = 0,234 loss in static.

Pg, = -0.951 - 0.234 = -1.185
Pv‘ = 0.22 inches,

Thia is at entrance to blower.

Py, = P'g + Py, =1.185 + 0.22 = 1.405 inches.

ol Shttc pressure at ocutlet of fan must be 6.8 inches from specifioa-
ons. .
Referring to "Detall Design™ it is seen that
(Static pressure at fan outlet
Static pressurs of (+ static pressure (draft) at fan inlet
fan equals (- velocity pressurs at fan inlet.

Therefore, static pressure of fan must be

6.8 + 1.185 - 0.22 = 7.765 inches of water.

D-2. QAMPLE CALCULATION NO, 2.

D-2a. Referring to the problem under sample caloulation No. 1, suppose
it should be desired to increase the amcunt of air per boiler to 68,000 cfwm.
What would be the per cent increase in speed at which the blower would have
to run? What would be the static pressure in the fire room? What percentage
increasse in horsepower would be required? Conditions of inlet and discharge
of blowers remaining constant.

68,000 -
5730?-2-2 1.205 or

2 20.5% increase in speed.
(1.205)< (6.8) = 9.86 inches of water pressure in fire room.
(1.205)3 = 1.75 or 75% increase in horsepowser.

D-3. SAMPLE CALCULATION NO. 3.

D-3a. A vertical trunk 4 x 4 feet is used to conduct 75,000 C.P.M. of
air. The air enters through a 4 x 4 ft. opening in the side of this
trunk, maidng a right angle turn and thence downward.

D-3b. What would be the difference in loss of entrance and downward
turn should a bell mouthed entrance be added together with three inside
dividing guides, spaced one foot apart?

Area of entrance is 16 sq.ft.

Ziigﬂg = 4690 ft./min,

2
p, = —E‘T‘ =1. £ watar.
v T4l x 10 1.365 inches of w

Refer to Fig. 1.

Half of P, is lost in static pressure.

0.50 x 1.365 = 0.683 inches static loss.

Loss in the right angle turm.

See Fig. 5.

Radius is 50% of pipe width. Lom is 95% of Py.
0.95 x 1,365 = 1.28 inches.
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Total static pressure loss.
0.683 + 1.28 = 1.963 inches of water.
When bell mouth and dividing guides are added.
Entrance loss is zero. See Fig. 1.
The dividing guides make the entrance into four parallel elbows with
center line radii of 3.5 ft., 2.5 ft., 1.5 ft. and 0.5 ft. See Fig. 5.
Call the elbows A, B, C, D for the radii 3.5, 2.5, 1.5 and 0.5 ft.

A, 311 = 350%, Head loas = 7.5%
B, 2—11 = 2508, - Head loss = 7.5%
c, 12 = 1505, Head loas = 9%

D, Q-;i = 50%, Head iosa = 95%

Head loss varies as the syuare of the velocity and since these elbows
are all parallo)Jtho drop or loss must be the same for esch. Let vy, W,
etc. be the velocities through each elbow. Then

0.95 v =0.09v2 =0.075 v§ =0.075 v2
12.67vZ=1.2v2 =+ =42

3.56 v4 = 1.096 Ve TVp =V,

1+ 1
3.56 1.096
4

4690 ft./min. = averags velocity.
Ve = -‘5% = 5850 ft./min.

+1+1

= 0.80 v, = average velocity.

v, = 5850 ft./min.

vo = 1388 = 5350 ft./min.

vqg = %3 1640 ft./min.

——

Py, = I%;—ﬁv = 2.13 inches of water.

0.075 x 2.13 = 0.16 inches static pressure drop.
p, = ditto
—
5350 -
P = = 1.775 inches of water.
Ve 1.61x10

0.09 x 1.775 = 0.16 inches water drop.
e

Pvg = __LQQ___‘, = 0.168 inches of water.
d 1.4 x 10

0.95 x 0.168 = 0.16 inches water loss.

Py
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Total static pressure loss
0 + 0.16 = 0.16 inches of water.

This is to be compred with the 1.963 inches loss when the pressure
saving devices are absent.
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