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B. GIIIER.I.L D!SIGII. 

R-~. l'oro.d draft blonra are required to draw air tro11 the upper dool<AI 
thrOfiCh suitable ducts to tho !ire roou or to the boiler ouinp, 

1-2. U rego.rda the dHil!l or tho blower proper, it is nry d11'!1oul t 
to prediot rlth ucy degree o! accuracy, by aeana of calculation, tho per
!orMnce of a new deeien or bledo. Such !au are eanarallJ dnoloped by 
tho liiA.llutaoturore by .. o.ne ot a out and try prooo... ilia the err oat or 
tho intake houaing o.nd exit di!fu .. r on fan perforMnoe ia very .,. ... t. 
However, once the porroroance of a given type or blade, intake and ditfuaer 
c011bination ia known unde.r a oortain .. t ot oircUMtancoe, portor..noe under 
a di!ruent .. t or circuutanaoa can bt accurately predicted by -.na ot 
<>&laulation. lllul:o!aoturoro alwayo oupply tho Bureau wit!- porforiiiA.Ilot ch&r
aoteriatica of their !ana and it le a nry aaple matter to oalculato the 
otfftot of changoe in apeed, proaauro, otc. on this pertol"lliUlce o.a rlll bt 
oho"" under •O.toil Doaign•. 

R-). Tho bringing of air !roll tho uppar declul to tho fire ruou or 
other pointe below docl<AI invol ... e coiUiidoreble colculation oontorin& aroi.Ud 
the doeiln or tho duct work eo as to reduce tho prooauro drop throueh thia 
apace to a a1n.1aua. Spa.ce ia at a prem.iua a a ie power required to aver coM 
air ra1iltanoe, th•retore~ althoU&h duet dea1JD ia not under the corn!~o• 
of tho Buroou or ~in .. ring, such deoip IIW!t bt approved b,r tho lklreau and 
it 1a tho dut.r or thia Bureau to ~oulato tho rooiatanco to airfiow therein, 
in order that tho blower •.r bt prope.rl.r applied, o.nd tho doaign ohould bt 
carotull.r atudiod !or !auJ.t.o. 

Jh4. All air intolc .. ohould be boll DOUthed. J.ll right &n&ll benda 
lhoW.d contain dividing euldoa. All aha.rp turna ahould bt aYoidod it poa
alblo. Pipe ooctlollJI should bt eradu.tll,r, not aha.rpl.r enlaraed or reduced. 
lban the air antero the tiro roo• or other epo.ce where tho Tolooit.r 11 nrr 
low, a di!!u .. r ohould alwayl bt uaod. 

O. DJ:UIL DISIGK. 

C-L 1ir oubJoetod to tha pro .. uroo ord.in&r1l7 u.od in vent1l&tin& won 
1a <'OII}·auod v .. ·v lit.t.lo, therororo, tho hn •• applJ to th• now ot 
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.. ter will applf here, correction being .ade for the weight or air, For 
ordharr velocities, t.he flow will be turbulent and the friction and 
shock loaa will vary 81!1 the square or the velocity. 

C-2. In order t.J deteraine pressure drop thro~ anr aor.t ot an air 
duct it .uet be reallz~d that the pressure in the duct ia .. d~ up ot 
two coaponenta, one, velocity pressure which ia dynamic And due to tbe 

Kinetic energy in the moving air; and the other, static preaaure, poe~ 
sibly negative, which is due to the potdntial energy, of the air bein& 
confined 1n the duct at a higher or lower pressure than atmospheric. 
When .air starts through a duct which haa a tortuous path, and the sec
tion of which changes, tne values of velocity and etatic pressure will 
change, rising and falling, as one is cnnverted into the other dependial 
on conditions, but the to~i will continually decreaae due to the loesea. 
The problem is tc·d~termine what the change in heads or pressures is in 
each portion of the duct. The pressurea finally resulting at the taD 
indicate fan perforuwnce necessary. 

NOTATION 
v = velocity of ah 1n feet per minute. 
Pv = velocity head or pressure 1n inches of water. 
P8 = static head or pressure 1n inches of water. 
Pt = total head or pressure in inches of water. 
w = weight of air in lbs. per cubic foot. 

C.F.M. = cubic feet volume of air per minute. 
R.P.M. = revolutions per minute. 

lbe. 

H.P. = horsepower, 

. y = 1096.5 ~-

For "Standard Air", that is 68°F and 29.92 baroaater, I= .07488 
per cu. ft. ~t.nd then ve becomes 

v = 4005 {Pv or Py = i 
1.61 x 1o'T 

Pt = Pv +- Pa 

As regarda the performance of any fan1 
Capacity or C.F.M. is directly proportional to speed or R.P,M. 
Pressure, P8 , is proportional to the square of the speed or R.P.M, 
Horsepower is proportional to the cube or the speed or R.P.M. 
These three effects take place simultaneously. 
Aeeuming the sub-let.t~rs to denote different epeede, then 

(C.F.M.)1 
(C.F.M.)

2 

~-
p¥ 

.~!·~ 
(H.f'.) 

tt. 

= 

= 

= 

(R.P.Y. )1 

(R.P."'.) 2 

(R.P.M. )~ 
{R.P.M.)

2 

(R.P.N. >1 
(R.P.N.)~ 



Total pressure uf 
fan equals 

Static pressure ot 
fan equals 

-)-

(Static pressure at fan outlet. 
(+ velocity pressure at fan outlet. 

(+ static pressure (dratt) •t fan lAlet 
(- velocity pressure at fan inlet. 

(Static pressure at fan outlet. 
(+ at.tic pressure (dr~tt) st fan inlet. 

(- velocity pressure at tan inlet. · 

C-3. On~ of the greatt!st losses is due to the shock of the .ovina 

air enterin" the aore or le~s stationary air or the fire roo•. To ain

Wze this shock and enerD loaa due to the impact the air 1hould be 

led into the flre room, or other apace to be ventilated, at low 1peed. 

This speed reduction is accomplished moat efficiently by meana ot a dit

fuaer. The diffuser should be proportioned accordin& to the correct 

rate of change of speed. 
C-4. The following expression covers a di!fuaer ot rectangular sec

tion. However, the area is the coverning feature and, regardlel8 ot 

shape, circular or what not, the area can be aade equivalent to that de

termined by the method rollowina. 

C-5. In a rectangular ditfu.er or lenjth,...t, havin& one pair or a1de1 

parallel, if the halt-breadths at the SJD&ll and large ends are respec

tively 1l and Y2• the halt-breadth, 7 1 at the distance, x, rro• the SMll 

end 1a given by 

~l,__ :1 _L - -I {-1- - l ] 
4(i 41Ji 4V11 4fi2 

. Figure• l to 5 ahow the loss81 to be expected in ordi.nar)' duct work. 

Conver&1.n& nozzle lose 1a not shown because thia loaa 11 eo ••ll it •'I 

be neglected where the total angle of convergence ia not sreater thaD 45°. 
It will be noted that Fig. ) ahowa friction lose in circular pipes. 

In the case ot rectangular pipes, the value or the expreseion 2 ab 

where a and b are the two aides, may be substituted for a + b 

the diallleter <Jn the curve. 
C-6. This curve, Fig. 3, covers ordinary galvanized iron ned&• plp

ini or duct work. 
C-7. Arw.ored grating resia tance is not ahown but this •1 be taka. 

u SO per cent Pv loae for gratings with circular holes witn rounded 

edges. In other words, the gain in velocity head which dependa on the 

she and nWDber of holes should be calculated and halt of tbis taken &8 

tbe loaa. 
C-8. "nle existing practice ia tor the boiler II&Jlufacturer to paran

tee satistactc.:y operation of hil equi~nt with a tire rooa preaaure 

or a certain amount, generall7 eight inches ot water. or course part 

ot thia pressure is absorbed in the uptaked, armored gratings aDd 11110ke 

pipes, but this is generally or the order ot o.s inches or water or leaa 

than ten v-r cent.. 
C-9. The a..ount. or air neceaaary is calculated on the balls ot .300 

cu.tt. per pow-.d ot oil when the boilers are operating at the 20% over

load condition and the corresponding air pressure. The weight ot oil 

whi<"h aU~~t be coal.'H.LIIe'i is obtained troa ahip's contract and boiler 

anufacture1· 1a guarautee which is aade on the be.eia ot the evaporatiOD 

rate par pound ot oil. 1bia appears on the boiler plana. 
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C-10. Knowing the volume or amount. ot air and the a.rea or ent.l'ance to 

the air tntak•, the velo~ity and the corr~epdndi~ velocity preeaure caD 

lJu e&lcula ted. It. •hoWA be borne in rdnd that all or the eneru 1~~~~&rte4 

.to thia air la eupplied by the ran and that this velocity preuuu ia part. 

of· the tot.n.l pressure which t:te fan IIWI t exert. The stAtic pressure at 

the intake entrance !a, of cot~se, ·atmospheric or zero inches or water 

(&auce). Froa thh p••l:lt on wo 1118.Y culculata· cha.ngea in preseure· and add. 

or aubtract the1n, RrJ pro par, untll wo reach the fan or tire rooa. 'l'hia it 

ahown in the &lllllple calculation to follow. 

D. SAKPLE CALCULATlO.IS. 

D-1. SAHPLE CALCULATION tiO. l. 
O.la. It ia desired to bring 561 500 cu.rt. of air to each of t.hr .. 

tire roou on an aircraft carrier. These tire roou are lituated adJacent 

to each other and all the air is brought t.hrout:h a co111111on trunk to a poilat 

Ju.at above the three fire· rootDB where the air is distributed. The sketch, 

Fig. 6, shows the general anangement and ditaensiona of the inlet duct. At 

the point, D, the division of air takes place. The furthest tire rooa 11 

at G, some 40 teet away and thil ehould consequently entail the greateat. 

entrance lol8. 'nle required static presaure 111 the fire roou ia 6.8 1Dche1 

ot water. 
D-lb. What should be the characteristics or the blower aituated 1D 

each fire room? 
D-lc. The calculation of the duct losa or resistance tol~ tor each 

section. Under each letter heading, tile loss 1• calculated up to that let

ter p<:~int of the eketch. It will be noted that under A, the entrance lo .. 

is given all velocity pressure. The energy required to accelerate the d.r 

up to this velocity must, of course, be eupplied by the fan. 

A. 
va = 1540 ft./min., 

__:z 
Pv = 1540 

a 1.61 x 107 = 0.147 inchee. 

s. 
Entrance Loss = O.S Pv = 0.5 x 0.11.7 = 0.07)5 incbes. 

See Fi&• 1. a 
See Fig. ), 10.5 tt. = ~26 inches. 
0.028 inches or water per 100 ft. 
0.12 x 0.028 = O.OOJ36 inches of water drop. 

Ps = o - O.OOJJ6 - 0.0735 :: -0.07686 

?vb = Q.l47 
b 

c. 
See fig. 5. This io halt or a right angle bend with a ~ radiu. 

Loas is one half of 95~ or 47.5% volocity head 

0.475 x Pvb_• 1-Rs. 
0.475 X 0.141 = 0.07 inches or water. 

Loaa through the duct la 
o. t4 x O.O:'il - 0.00392 inchee _or water. 

Pee = .-Q.'J'/6M., - 0.07 - 0.00392 = -0.150'70 

Pv = 0.1,:7 
c 
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D. 

Halt ot ript &n&l• bend. 'lhia collplet.ea the other ba1t 80 ..,...... 

drop 18 0.(17 1Dobe1 ot water. 
lquinlent. di&aet.er of duct. 1a 

2 tb a 2 X 10 X lJ a ~ U ,3 f t, 

a + b · 10 + 1.3 23 • • •• • 

or 1.36 incbea. 
See rs.a • .3. 0.022 1Dcbea at.er per lOO ft.. 
0.09 x 0.022 • 0.00198 incbea at.er drop. 

1270
2 

Pvd :a • 0.1 1Dcbea. 
1.61 X 107 

Since there ia no diltwter it 11 aaeumed that. the chua• 1A ftlooitJ 

head ia ooaplete1y lo1t, there beinl no atatio resaiD. 

!hie lo11 11 Pv0 - Pvd • 0.147 - 0.1 • 0.047 
'•d • -0.15078 - 0.07 - 0.00198 - 0.047 

Pad • -0.26976 

•• .&.aauu the chana• 1!\ 18Ction p1ua t.he ri&bt. aql.e bep4 to rH~t. la 

veloo1t.7 bead lol8 ot the elbow ettect. only wbiob would be "' velooiV 
bead (refer to F11. 5) then 

~.95 x 0.1 • 0.095 lo11. 
Lo11 due to chan&• in velocity bead 11 ditterenoe between nlooltJ 

headl at D and 1. --...2 

Rew velocitJ bead 11 Pv8 • 2J2QC • 0-'43 1D~•· 
1.61 x 1o'l 

Old velocity bead waa Pvd • 0.1 · 
Loee, which should be IUbtltraoted troa ata~c bead 11 Pv

1 
- Pv4 • 

0.)4) - 0.1 = 0.243 inch••· 
P11 • -0.26976 - 0.095 - 0.243 a -0.608 

r. 
In enterinl the larl• area, all ve1ooit7 bead ia 1oat. !he friot.ioa 

drop throucb down to the araor p-ati.Da •7 be naJ).eoted. lt the araor poat.

inl entrance the ve1oc1t7 11 

•t • ,6.,00 • 188~ tt./ain. """" 
·30 
mr '•t • 1.61 x 107 • 0.22 1Dch••• 

'•t • -0.608 - 0 • .343 = -0.9,1 

o. 
Velocity throuch lr&tinl· 

v • ~ a .3)25 tt./ain. 

Cbanl• in nlooi t7 bead b ... tollon1 
m2 

Pv • 1 a 0.688 iAcb ... 
1.61 X 10 



P~ - P•t ~ 0.688 - 0.22 = 0.468 ch&Dc•· 
Halt ot UU. t.. lo1t. 

0·461 :a 0.234 lo•• in 1tat1c. 
2 

P11 = -0.951 - 0.23' = -1.185 

Py1 =.0.22 inch••· 

Thil 1e at entrance to blower. 
Ptf :a Pa1 + Pyl = 1.185 + 0.22 = 1.405 inchea. 

Stat c pre11ure at outlet ot tan IIWit be 6.8 1Dchee troa e~c1t1oa
Uona. 

Reterrinc to "Detail Dea1cn" it ia aeen that 
(Statio preuure at tan ouUet 

Static preaaure ot (+ atatic preaeure (draft) at f&D 1Dlet 
tan equall (- veloc1t1 pnalurl at ru lalet. 

Therefore, atatic pre11ure ot fan ..u.t be 
6.8 + 1.185 - 0.22 = 7.765 1nohel or water. 

D-2. SIJ4PLI CALCULlTION MO. 2. 
D-2.&. Reterr~ to the problea under 1.-ple calculation Jo. 1, 1uppo1e 

it ahould be deaired to inorea .. the aaount ot air ~r boiler to 68,000 eta. 
lhat would be the per cent inoreue in apeed at which the blower would b&Ye 

to run? lbat would be the atatic preeure in the tire rooaf lbat ~rout&Je 
increue 1D hor .. power .auld be required? Cond.itiona ot 1Dlet and ducbarll 
ot blowere reaainina conetant. 

t2·000 eta :a 1.205 or 
' ,sao eta 

· 20.,. increue in 1peed. 
(1.205)2 (6.8) = 9.86 1Dche1 ot water preeeure in tire rooa. 
(1.205)3 = 1.75 or 75J increue 1D horaepower. 

D-). SAMPLE CALCULATION NO. J. 
D-.)a. A nrUcal trunk 4 x 4 teet u uecl to oonduot 75,000 c.r.l. of 

air. 'l'he air entere throoqch a 4 x 4 ft. open1Jlc 1D the 11de ot th11 
tnmk, mald.ni a right angle turn and thence donn.rd. 

D-)b. lbat would be the difference 1n loll of entrance and downward 
turn ahould a bell eouthed entrance be added tosethar with three tnaide 
dhldinl culdee, ap&ced one toot apart? 

Area of entrance 1a 16 eq.tt, 
7S.QQQ :a 4690 tt./ein. 

16 
"i:lii£2 

Py :a l.6l x 107 = 1.365 tncbe1 of water. 

Refer to Fig. 1. 
Halt ot p il lo1t in 1tat1o pre,.ure. 
0.50 x 1.J6' = 0.683 inch•• 1tatio lo••· 
Lou 1D the r1&h t a.DJll turn. 

s .. '11· '· Rad1UI 11 'QJ ot pipe width. Lo• U 9,. ot Pye 
0.95 X 1,.)65 : 1.28 inchea. 
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Total eta tic preaaure loa1. 

0.68) + 1.28 = 1.963 inobe1 ot water. 

When bell aouth and di'rldiq 1\&idel are added. 

Entrance loee ia zero. See Fie. 1. 

The dividin& guidea 111ake the entrance into tour parallel elbow ritb 

cent.r line radii ot 3!S tt., 2.!5 tt., l.S tt. &nd 0.!5 tt. S.. nc. s. 

Call the elbowa A, B, C, D tor the radii .).5, 2.5, 1.5 and 0.5 tt. 

A, ¥ = 35~, Head lOll • 7.5. 

B, 1aj = 2!5~, Head loH • 7.!5. 
1 

0 1 ¥:a 1!5~, Head 1011 = ~ 

D, .Q.,i = 5~, Head loll • 9!5. 

1 
Head loa• variea &I the aquare of the velocity and 11Doe tbe1e e1bowl 

are all pe.ralle} 1 the drop or loaa ~t. ~ the ..... for each. Let va 1 vb, 

etc. ~ th' ve1oc1t1ea throuah each elbow. ·thea 

0.95 ~ = 0.09 ~ = 0.0'7!5 vt • 0.07S ~ 

12.67 ~ = 1. 2 ..: = v§ = ~ 

3.!56 vd = 1.096 Vo = Yb = Va 

16 + 1.0961 + l + 1 
-· 3..:..:...5~:.::::...---==4•--~"------ = o.SO va • ave:raae velocit-7. 

4690 tt./.ta. = averac• velocit7. 

va a ~ = 58SO ft./aiD. 

Tb = 58!50 tt./&in. 

v0 = . ~· = !5.350 tt./aiD. 

•• Sf J?~ • 1640 tt./aiA. 

---2 

'•a • l~x 107 :a 2.1.3 inch .. of •ter• 

0.07!5 x 2.13 • 0.16 inchel 1tatic preNUre drop. 

Pvb =ditto 
----.,2 

:a 'JSO :a 1.77!5 inch.l ot nter. 

Pvc 1.61 x 107 

0.09 x l. 77!5 = 0.16 inches water drop. 

--2 

Pyd a l640 ' = 0.168 inchM ot •ter• 
1.61. X 10 

0.95 x 0.168 s 0.16 1Dch81 at.r Wlo 



\ 
DDSH-l 

Total • ta tic preaaure lo81 
0 + 0.16 = 0.16 illcbee ot water. 

'fbi I 11 to be compred wi tb the l. 963 illchea lotta wheo the pr.,.un 

Mvin& derlcee are abient. 
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MEMORANDUM 

From: SEA OOD 

DEPARTMENT OF THE NAVY 
NAVAL SEA SYSTEMS COMMAND 

1333 ISAAC HULL AVE SE 
WASHINGTON NAVY YARD DC 20376-0001 

To: SEA 05 (ATTN: N. Doerry) 

5720/00DT 
2012-0699 
9/20/2012 

Subj: DDS 251-1 , Forced Draft Blowers, Duct Work For, dated 1 June 1935 

IN REPLY TO 

The attached material proposed for public release has been reviewed and is returned with the 
following response. Amendments may be indicated on the enclosure and reasons are attached. 

Statement A: Approved for Public Release; Distribution is unlimited. 

PATRICIA K. DOLAN 
By direction 


