| D\—J_SJ SEAT Ne.

"Sardar Patel University -V V Nagar

M. Sc. {Industrial Hygiene and Safety)
PS02CIHS21: INDUSTRIAL VENTILLATION
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Note: Fiqures to the right indicate maximum marks.

: Assume the fiqure in any of the question wherever it is nof given.
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Mulftiple Choice Questions-
A device which measures velocity of air is
(2) Crater b) Anemometer c) Pitot Tube d) Manometer
ASHRAE is relatedto
(a) IAQ b) Cooling ¢) Heating d) None
Natural Ventilation is a good option where chemical works are being done.
(a)False Db)True ¢) Doubtful d) None
TP is also called impact pressure.
(a)True  b) False c)Unknown d) None
The forward curved wheel(fans) is rarely used.
(a) False b)True c) Regularly d)None
can be used as air cleaning device for gases and vapors .
(a) False b) Clock Tower c) Distilled Shower d) Packed tower

The Average velocity pressure is about %aof center line Velocity Pressure.
(a) 71 b)81 c) 91 d)None
Heating and Cooling are found in system.

(a) Mixing b) Heating ¢) HVAC d) None

. Short answer type questions — attempt any 7

Terminal Velocity.

Plenum System.

Full form of HVAC

Capture Velocity

Pressure sensing devices for Testing of Ventilation
Types of Fan

Smoke Tubes

Write about Hood Entry Loss i.e He

Tracer Gas Method

Descriptive questions-

Explain in detail the purpose of ventilation.

OR
Explain Psychometric chart and various related aspects studied.

Draw a local exhaust ventilation system and explain its parts in detail.

OR

Explain with a diagram Pressure relationship in Air stream of Duct.
Comparison with advantages and disadvantages of Dilution Ventilation and LEV

Explain Major components of HVAC in detail with a diagram.

OR
Expfain Walk Through Survey related to HVAC system.

Explain testing of Ventilation system in detail.
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OR
(a)

Descriptive questions _
A problem has been characterized with a suggestion of need of LEV system .

Explain main types of Hoods with figure and mention where the measurements be carried
out in Hoods.

Following raw data has being collected by Industrial Hygienist as shown in raw data
worksheet Design system as under.

Loss Factor

K e
Run |Q Vi L Hood Elbows | Tee SEF |R
A-B 2050 | 3000 25° 0.25 0.39 - - 1.0
B-C 1510 {3000 25° 0.50 - 0,28 - 2.4
C-D ? 3000 407 - 1.95(5 - - 1.0
Elbows)
D-E ? 3000 20° - - - 1.0

Other :Air Cleaner loss in C-D =2 inches w.g; All elbows R=1.5D ,3-piece ;Tee
(branch entry)=45degrees; use modified ~ACGIH method of branch entry losses ;slot
velocity =2000fpm;flex duct correction factor R=2.4 (obtained from manufacturer).
Settling Chamber C-D (As Other K Loss) =4, Fan Efficiency=0.5 5,Kdl=1.10,d=1

Balance the LEV system and find duct Actual Q, determine static pressure in the system
What rhp motor we choose? Conclude your statement about system.

## Assume the figure in the question if it is not given.
## Perform in Worksheet only.
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FROM-->T0 “ ‘ | ' [
e S S DU o]
Chart 11 cfmor ams N ) ]
vl Chart 8,11 fpmor mps i p B b N
Yes--> row 5; no—> row 12] 7
Chart 11 fpmor mps
[row 2/ row5] . . sqftorsqmeter
Chart 7 - incharmmw g,
nlr;:ntry loss factor (1.78) L o
ceeleration factor (1.0)
1;m loss factor [row 8+ row 9] (2.78)
! ”i(:ritl;n spP §ro§;-f'? x row 10] inch or mmw g.
,‘.)II-L_ { diameter Chart 5 mch orcm
‘ lﬁ'uc ‘tarea Chart 5 sq ft or sq meter B
i . [row 2 / row 73] fpm or mps . o o
7 .éhart 7 o inch or mmw.g.
-Du\_i tength From plans feet or meters
Friction R Chart 10 -
1 viction K Chart 5 -

I ndlpn K, duct

" {row 16 x row 17 x row 18]

Hood entry * Chart 11 -
‘Acceleration [1.0 at hoods] -
'l.‘ilbows Chart 13 -
Branch entry . Chart 14- --
Systemeffect  Chart 15 -
Other Kloss _ ) -

Total K

[sum.rows 19-25]

" Duct SP

[row 26 x row 15} inchor nmmw.g, 7
SP at FROM location (row 33) inchor mmw.g,’
Junction VP change atFROM Chart14 inchor néhw.g.
OtherSPloss  { . ). inch or mm w.g,
-Total SP at TO [sum rows 11 + 27 30] inchor mmw.g,
To this Governing SP? {yes or no}
GoverningSP* [at TO location]  winchor mmw.g;
;;“Lctual'Ql [row 2 x (row 33/row 31)95)  dmoran .

Ph [row 11 + row-15 x (rows 20+21)]

mchormm“g

olal slot length’ plans

feet or meters

1ot width y(row 6 / row 36)

inch orcm

Usiy=12; SLy=100

HL X2 bl = =
_!ﬁml.an_

-, See Chapter.9
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A N : . . ,_,,,,_,_,_________..___..A,,i'
125 0.67 AR anX 2y Avold square
R N4 : - : . dycts '
‘{?@ - BN CE AT
B 0.50 082 | AR InXAV, Flange
ol N . or width = W
0.75(10X2 + AV, (see notes
' . below)
0.70 077 |° AR InX2V,
& e T or ,
0.75(10X2 +Ap Ve )
1.78 0.60. |- AR |' See specific Alséi,ﬁ sharp
' ' : operation . | edged orifice.
004 | 098 | AR InX?V, Flare to W
. _ or (see notes
: I L 0.75(10X? +AgV,| below)
080 [, 075 | AR [ smev.
' ' or . :
0.75(10X2 +ApV,.
o AR | amxev, Ah =areaof .
25 | ‘053 |- - Cor hole in duct /7~
1.9 ‘ 0,59 (10x2 +ApVe end
1.4 0.65 Jo o
1.2 0.67 o : o | sqftor
Lo pooo7t b sq meters.
09 | o072k . |. , o

rhood tables: Vi, = air velocity necessary to move dry particles along duct, fpm or mps; .
“Required for transport (see Chart No. 9), fpm-or mps; K-= hpod-to—duct'loss factor, unitless;
efl_'icient,ofe.En-try;--umitless; 0] -==&'@lﬁme-ﬂcw Tate reqﬁired‘at'ﬁood, cfm or cu. m/sec; X = distance to L

source from hood face, feet or meters; V.= capture velocity at X, fpm or mps (see Chart 8); A¢=hood face
ft or sq meters; W= X-0.5D where W is ﬂ‘ange‘ width, D is duct diameter, feet or meters;




178

0.25)

;I'm}ud f ; ‘
?u.u heu E i erct’nié- 4 ¢ 4n
screert on end 1 Free Areal .
of duct e 50% Ry, S ¥ FT?
' E Vg 60% 3z o4 ‘
\ B 0% 2.3 .55 ( see hc“tc‘; ._;
PURCHED SCREER 80%, 18 0.50 on Chast LA
' Booth hood - 5 0.82 AR | 7 Via See Chart '
o w/STO : : Ne. 8 for
- velocity
information
" Booth hood .25 089 AR Vi A See Chait
L ow/TTO No. 8 for
velocity
, » information
Tapered " Includedanglel Rd__ Sq| Rd__ Sa| AR IX2V,
1 M - A45% 06 .15 97 93| “- 0 75(10)(2 -i-A )\I
=1Lz - 60% 08 .17 - .96 92| . R, R
o w 97| 15 25 93 89
B 120°) 26 35 89 86 s
‘Open-surface |~ ¢ . TIO| 0? 089" |7 AR | 14PXVionyo ° | See Chart  |f
tank . iy 3 / v - No. 8 for
canopy. ' Lo '_L e confrol
" -hood - L ‘JE‘_—L’—’{— o velocity
'.'Canopy nOOd ' ) . TG 0.25 .89 AR 1APXVeontral | Veontrol o
- with ] ' ' ' ‘ is not Ve
msen.'f T : '-
Al; Slotand | 1.6 . 062 | AR See specific
- bend hood - ' /— A A ' : application
B slot - duct| - NC | AR 3nXLV, Slot velocity ay
STO| 1.78 - 050 - o ' 1500-2000 fpm PR
TTO

7.5-10 mps _fI

tapered takeoff {duct to hood) Vi=

N’otes for: hood tables: Q = voluime flow rate required at hood, cfm of cu m/ sec; X = distance to emission source from hood g
'_face feet. or meters; V. = capture velocity at X, fpm or mps | (see Chart 8);- Aj=
STO = qtralght takeoff (duct.to hood); TTO =

‘penmeter of source, ft or meters; memg = control. veloc1ty betwem source and hood fopen surface tanks), fpm. or .
mps; L = slot length feet ormeters; NC = cannot be esnmaLed w1thout knowmg slot and duct velocities. =~ -
*The loss factor for any square/rectangular tanered hood with an mciuded “angle of 907 can also be approximated by the

hood face area, sq ft or sq melers;
face velocxty, fpm or mps; P =

following formula: Kpgoq = (1. 9/ AR 2y 4017 w here AR is the ratio of hood face area to duct area.
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7500 mps

slot  duct AR 0 5'{‘(L" Slot velocity: §
STO| 1.78 050 1500-2000 fpm -
TTO| 178 0.25 7.5-10 mps
ot STO 0.65 (.78 | 4500 fpm 3BWy - 50 Empirical
TTO 0.40 0.85 ' {cfm) formula for Q_
‘ ' _ ' W4 = wheel
23 mps O.DG{Q_ﬁWd -0.023! diameter,- »
: {ct. m/sec) inches orcm . || -
STO| " 0:65 078 | 4500 fpm| 50Wg4-50 | Empirical” @Y
TTO| 040 . 0.85 |- (in cfm) formula for Q-
i ‘ T : ' ‘ "Wy = wheel -
-~ S U I '23:mp5 1.0, 0093W4 - U 02:) dig;r_t\'eji:e.rﬁ e
(o m,/ SEL) m{ch‘éE or cm
" STO 0.65 0.78 1 3500 fpm 35Wa -50 Empmcal
TIO! 040 0.85 - (ficfm) | formula for Q;
: o Wq = wheel
18 mps 0.0066W g~ 0.023 diéiﬁétéf;
(cu.m/sec)  Finches.or cm
L STQ| . 0.50 0.82 | 3500 ipm 2504, ,;'AO (,.pmn
TTO! .25 0.89 - (cfm). © | arean
- : o equipment,.
18 mps 1.26Ag - [s$qftor
{cw m/sec) | sqmeters
_.STO| 065 | 078 |'3500fpm| SOWR+100 |Empirical- |
TTO 0.40 0.85 A{efm). . formula for Q|
- Wb belt
' : {cum/sec) | inchesor cm | -
Jpa— 050 .| 082 |3500fpm| , 2504, ‘Ag="drea of ~ |}
& = ' ' {cfm) - top of table, .
N _‘;,;‘ 3 o sqft or ‘
- ‘ " {cu. m/sec) DR

loss factor unitless; Ce = Coeff1c1ent of Entry, umtiess Q = volume flow rate reqmred at
;X = custance to emission source from hood face, feet or meters; V.= capture veiocrry atX, fpm.or

) STO = straight takeoff (duct to hood) TI'O tapered takeoff (duct to hood) Vf

face veloc*t v,
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3 _ . o
B : i : 2 TrrrTTs - e :
& iypeolhwod | , Skelele - TR 4 “Muates
o Welding : ‘ ] s;ol____c}uct- JERY fpone RICH TN irle teng;
1} [ . - N L ol
itable o BTOULZE 0850) N ‘ ! £ ol . | feat or m*jr_p'
hood TIOH178 0250 P or . . | fange ends; .
7 ‘ o Hmpe ! Os4L, - plenum nt > ,:
i S table'depth £ 2°;

Slot velocity:”
1500-2000 fpm
7.5-10. mps

CSTO| 050 | 082 | 3000fpm|. 140X-400 | Erapirical

. Wefding -

hood, (cfm) . | formuia for @ i
portable Do X= lrl;lch orem fl. £}
{flange on 23 mps 26X-019. | X25"or Lem )

.- table top) {cu. m/sec)

. Meétal - - 175 | 060 | 4000 fpm 250A, +350 | Ao = open
cutting | - i - : (cfm)- areaon -
" bandsaw - : P equipment,
hood mps | 126A+047 [S3for
{cu. m/sec} 5q meters |
. Meihng o TTOL 025, 0,89, | 3500fpm). - 250A.- - - | Ac = R |
fuimace o (cfm) area on’ .
hood ) 1. . equnpment AL
_ 18 mps 1.26A, sqftor’ - o
- {cu. m/sec) 1 me-tgrs'-" '
Glovebox. | - . sTO| 050 | o082 .| AR © 1004, . Ao=open
. hood i |- / o ' ' {cfm) - |areaon .
oo ;equipr_nent,

{cu. m/sec) S.q. _t_ne:or_s X

Lab- o | o ot que ] 2000 fom BOA to 1204, * | Avoid draffs

.~ Fume .-  STO[ 178 0.50[° ~NC F (cfm) . - | athood face;’
. hood TTO} 178, 025 b T | providegood
R : } -717“'-"" i PR ¥ -10mps 0.4A t00.6A, wonk. pr:;o:t;oos .
S - . : o (ewanfsed) . | T T
*'_7‘> orf. - .20 058 R
- General . pslotoducy . | 2000fpm| - 125A; | As = surface " [fi
dIP fank | STO| 178 050, - NC T (efmy. | areaof tank; " |t g
- hood TTO 1.78 025 - I L f_langAegerrlds‘,t_:a
' e o i 20mps o 0634 | Plenum ht22;

: 20 | tanke depth<2'
(co. m/sec) Slot velocity: "

‘ 7 ) : R S ,'_-751(}mps o

Notes for hood ta_bies K loss factor, umtless, Ce Coefflcxent of Entry, umtless Q= volume flow. rate reqmrec

“athood; cffn or ams; V"‘ = capture veloc1ty at X, fpm or mps 'STO = straight takeoff (duct to’ hood) ‘TTO = tapered. /" .

, takeoff (duct io hood) V¢ = face veloc1tv, fpm ormps; L = -slot’ length feet or meters, NC.= cannot be estlmated Lo
without knowmg slot and duct velocltles,  *Typical commercial lab fume hood data. .




Chart No.
------ T S R T TR S R T I T R A R A = R EE S
3 ; Ce WV pans "] Nute
POOAG D C 07 3000 fpim A » Chee L §
i i fofm) supplier data §
i i : : ror actual ‘
15 mps 0.5A K, Ce
' {cu.m/sec)
stot. duct 3500 fpm 25Yy+ 200 Empirical
sto[ 178 050 NC | = | (cim) formula for O;
TTC 1.78 0.25 S ‘ ‘ = knife -
: (e m/sec} | inchesor sm
STO 0.5 0.82 | 3500fpm| - 80Yp+400 Empirical
: {cfm) formula for Qi
‘ Yy = belt
18mps | 0.014Yp + 019 | width,
(cum/sec) Yinchesorem -
slot . ductf 3500 fpm| = 85A4 +4000 Empmral
. ,MSTO 378,080 NC | . od “W(.Cfg) form la forQ
TTO| 1.78 0.25 AR j
' 23 mps 0. 44Ad +0.19 surface aréa, | -
(e m/ sec) . sq ft, sq me'fer
1.75 0.60 .| 3500 fpm| 250Yp+300 Empmcal :
' - {cfm) sformuta for Q;ff .-
s L Yb bia.d:.-_
- 18mps | 0.045Y}, +0.14" | width, .
o (cu.m/sec) - mches orem
. | slot duct! 3500 fpm' ' 10Yb+'200 * | Empirical i
. STO| 1.78 050} NC I ' (cfm) formula for Q;
. TTO| 178 025 - SR Yy = blade
o - _ 23fnpg‘ 00018 b+0094 ‘diameter,
_ s (ct.m/ seq) - ‘iriches or.cm
. sTo| 05| 082 | 3500fpm 300A . | A= open area,||-
‘ ' o " (efm) ‘sqft or. '
. T sq meters
) 18 mps 1.5A L
h (cu m/sec)

p_eri surface tanks)
cloc:ttles

Joles for hood tables, K,‘ loss factor, umt1e55° Ce COEff].ClEI\t of Entry, umtless, Q = volume ﬂow rate requlred
or ams; Xo= d1stance to emission source from hood face, feet or meters; V¢= ccapture velocity at X, fpm

‘A= hood face area, sq ft or sqmeters; W = X -0.5D where D is duct diameter in inches or meters; Ay = aréa

o] ,duct end, sq ft or sq meters; STO = straight takeoff (duct to hood) TTO = tapered takeoff’ (duct tohood); -
rélocity, fpm of | mps; P'= perimeter of source, ft or meters; Veontrol = control velocity between source and.

= slot length feet or meters, NC =not able to be calculated w1thout knowmg slot and

RS
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- . - TR s e e T a r mor e S e e b et
f}:"\}-'p'e.' ‘of hoad Skeich ? ® € Vivass ]  Dutes
! .

darrei
' fﬂ.hng _
~* hood
{from side}

ST 178
TTOp i

N

D3RR ey

23 mps

{ au. m/ sec)

Pty = barped
Psurface &
59 It sg wmeter; [l

o’
23,

Flange

|l Bag filling
L l‘_ioqd-

TTO

089 .

23 Ir;.ps

3500 fpim|

Toxic dust:’
- 1500 cfm/0.7 ams

Nontoxic dust:

500 cfim/0.24 cams |-

Flange

avoid LTObS -
drafts; -
provxde good
work pract.

-, Barrel

"~ filling
©. hood.
- (spout.

- enclosure)”

“TTO 0.25

0.89

3500 fpm

18 mps

400 cfm

0.19 cms

_drafts: -

Flange; - |
avoid cross |+
provide gb'oct 7
work pract. -

“Barrel

filling
hood

(cover)

tidl

o 2 B2 S, R+ e 4 v

“HTTO

pr o '2'5.-»«&, -

NOR:C

144500 5]

18 m;‘:ts :

. (cfm):

0.0022Y4
(cu. m/sec)

B VA S
formula for Q,

-inches or em:

Emplrlcaf

Yy = barrel |’
diameter, |}

. Barrel
- filling
hood
(full.

‘enclosure) |

TTO 025

0.89

1 18mps

3500 fpm |

150A,
(efm) -

0.75A,
 (cwm/seq)

sqftor
' _sq meters

Ag=open | i
areaon - [
equipment‘ -

Bag S

TTO} 025

'0.89

| 18mps |

3500 fpm |

~(éfm)

1._25A;;;;

. 2504, . .

,Aoébpe'n L
areaon’’

.equlpment
sqftor b
sqmet i :

lstratght takeoff

(dud to hood), TTO =

tapered takeoff (duct to hood), Vf = face Veloc1ty fpm or mps, [
length feet or, meters, NC = cannot be estimated without knowmg slot and duct velocmes ‘ e

= slot
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Velocities for Dy Pasticles iy Ko Doy’
ater] N2 Velodly. RS
fpm ;m__b
8, very light dusis 12000 . - 10
(s and powders 3000 15
'-l_ndustual dusts - 3500 . 18-
' '  4000-4500 20-23
5000 25
Velocity Velocity
fom . _mps fom . _mps
- 4000 20 L).mestone dust. 3500 18
4000 20 ‘Lini - 2000 10
el filling: and dumpmg 4000 20 - Magresium dust, coarse 4500 23
It cony eyors 3500 18 - Metal fumes 2500 I
s and hoppers L3500 18 - Metal turnings - 5000- E s
Brass turnings : 4000 20 "’Metahzmg booth - © 35000 Si8
K BlEvatEs ™ gy e e g SR e s B0 St s A
st iron boring dust - 4000 20 " Plastics buffmg dust 4000 20
",urarmc:,, glaze spraying - 2500 13 B Rubber dust, find 2500 . 13-
 other operations’ - 3500 18 g L ‘coarse + 4000 - S 20
tbon black 3500 - 18 Sandblast dust - 4000. - 20
- 3500 18 - . Sanderdust: TLUU3000 15
imi fine powder 4000 20 7 Sili_c;fd ‘dust: <4000 20
, ground 2500 .13 * Seap dust: 3000 15
atton dust 3000 . S 150 Soapstone dust 13500 18.
our dust 2500 213 Soldering and tinaing . 2500 13
FxnBoundry, general | 4600 - .- . 20 . Tailpipe gxhaust 3000 15
: tumbling mills 5000 - 25 - Wood dust flour i 2500 13,
it Grain dust o - 3000 15 . light dry sawdust 25007 13"
inding, general . 4000 .. 20 - shavings . 3500 - 18,
: ad dust T 4500 "23 0 heavy ch1ps 4000 20
ad dust with chlps 5000 25 . Wool, . 3000 15
ather dust 3500 18: 7 ° Zincoxide fitmes 25000 0 13

'“‘%cmbbmg ireloc1t1es are those veloc1t1es
ith sufficient turbulence. to lift partmles oft
the duct surface as settling occurs, : o
transport VeIOC1ty,
target ve10c1ty

._..____.______..___‘_._._............_._._.......,...-—._-__._.._._-.._.__

For wet and sticky materials, provide
- cleanouts, sloping ducts, and drairis for
- “periodic cleanout. For air with no -
. industrial particles, duct velocities’ of -
.+ 11800-2000. fpm (9-10 mps) are. consldered
' :"'optlmum considering initial anid o;::eratmgr
e "‘costs, naojse control, and naturalhf—occurmg
dust transport. | Sources 1 2811




! a

VP =1

Velacity pressure
inch /mm w.g.

0.01
0.02
0.03
0.04
.05

0.06
.07

(08

0.09.
0.10

0.11
0.12
0.13
0.14
0.15

0.16

0.17

08, -

0.19
0.20

0.2

0.24
0.26
028

0.30

w032

".0.34
036
0.38
0.40°

042
0.44-
0.46
0.48
0.50.

elocit
af ¢ s‘saﬁd
{Fov non-standard conditions, muli ply V by

1.00"w.g.and d =

0.25
0.51
0.76
1.02
1.27

1.52
1.78

2.08
229

2.54

2.79
3.05

3.30

3.56
3.81.

4.06
4.31
4,57
4,83

5.08

5.59
6.10
6.60
7.11
7.62

8.13 -
8.64 .
. 9.14 .

9.65
10 16

‘1(, 67

11.13

1168

12.19

050 127 L

I

R Il AT

0.86, then V =

B RG

Velocity
fpm / mps
400 2.04
566 -~ 2.88
694  3.53
801  4.08
8096  4.56
981  4.99

T1060 0 539
1202 6.11
1266 6.44
1328  &.76
1387  7.06

1444  7.35
1499 7.62
1551  7.8%
1602 8.15
1651  8.40
1699  8.64
1746  8.88
1791 9.1
1879 9.56°

- 1962 9.98.
2040 104
2120 108
2190 11.2

S 22700 115
2330 © 119
2400 12.2
24707 12.6
2530 129
2600 13.2,
2660  13.5
2720 13.8
2775,  14.1
2830 . 144

0.52

0.54
.56

0.58"

0.60

0.62

G.64 .
- 0.66. -

0.68
0.70

0.72
0.74
0.76
0.78
0.80

0.85
.90
0.95
1.00
1.05

1.10
1.15

120

1.25
1.30

1.35

140

1.45
1.50
1.60

1.70
1.80
1.90
2.00

250

R S
=

et e P e
oy
&

N F
Lw

'.J-"SJJ
~3 N2

l_]‘ ),r,,,
R SR

> o
o

[ I e ol e B
Jan RS o BN G R © e 5]

‘i.».)

21.6
2.9
24.1
25.4
26.7

27.G
29.2
30.5

31.8

- 33.0

34.3
35.6
36.8
38.1
40.6

N

o b oo

Velocity pressure
inch /mum w.g

A

&)

43.2 -

45.7
48.3
50.8

635

Ve
L
G}i}@n‘«s YO .
s g .o - r.
y a¥; gee Chart No. & for
4,005 x (0.86) 0% = 4,005 » 1678

6330

Velodty
fpm /- mps
2890 14.7
2945 15.0
2005 152
3050  15.5
3100 158
3155  18.0
3205  16.3
3255 . 6. frime e o
3300 16.8
3350  17.0
3400 17.3
3445 = 17.5
3450 17.8
3535  18.0
3580  18.2
3690 18.8
3800, 19.3
3905 19.9
4005 204
4105  20.9
4200 214
4295 219
4385 223
4480 228
4565 232
4655  23.7
4740 24.1
4825 245
4905  25.0
5065  25.8
5220 26.6
5375  27.3
5520  28.1
5665  28.8

d. For example,
= 4,320 actual fpm.
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‘or nonsstandard conditions, muliiply V-1 by o 05 'see Chart No. 6 |

HEVE = 1.00"w.g, and d = 0.86, then V = 4,005 » {0.86Y0% = 4,005 x 1.079 = 4,320 aciuw
= Nelocily pressure Velocity i Velocity pressure Yelocity
< inch / nun wg fpom / mpJ : inch /mon wyg fom 7 mops

S L — > : - | : -

0 025 7 . 400 -204:;-_.:.:‘ - 052 132 2890 147
=002 051 566 2.88 ‘ 0.54 13.7 2945 150
03 076 694  3.53 0.56 14.2 2995 152

0.0 102 801 4.08 058 147 3050 15.5

0.05 127 “896 - 4.56 . 0.60 152 3100 158
D 152 981 2.99 - 0.62 157 3155  16.0
S 007 178 1060 = 539 0.64 163 3205 16.3
- 0.08 2,03 1132 . 5.76 0.66 16.8 3255  16.6
P 0.0% 229 1202 611 068 173 3300 16.8 _
| . 040 254 1266 644 0y0 178 . 3350 170 L )
031 279 1328 - 676 072 18.3 3400  17.3
- 012 3.05 1387 .7.06 . 074 188 3445 175
.13 3.30 1444 7.35 0.76  19.3 3490 17.8
014  3.56 1499 - 7.62 , 0.78 198 3535  18.0
.15  3.81 1551 7.89 0.80  20.3 3380 18.2 -
0.16 406 1602 8.15 C.85 216 3690 18.8
017 431 1651  8.40 - 090 229 3800  19.3
0.18 457 1699 8.64 , 0.95 241, 3905 1%.5
0.19 4.83 1746  8.88 - . 1.00 254 4005 204
020 5.08 . 1791 9.1 1.05 267 . 4105 20.9
022 559 1879 956 110 27.9 . 4200 214
024 610 0 19620 9.98 - o115 292 4295  21.9.
0.26  6.60 2040 104 - 1.20 305 4385 22.3
028 7.11 2120 . 108 - 1.25 318 4480 22.8
030 762 2190 112 : T 136 33.0 4565  23.2
L 032 813 270 - 115 135 343 4655  23.7

. 034 864 2330 119 140 356 4740 24.1

036 914 2400 122 145 368 4825 245

038 - 965 2470 126 - 150 381 4905 25.0

040 1016 - 2530 . 129 . 1.60 406 . 5065 258

042 10,67 - 2600 132 - 1.70  -43.2 5220 26.6
044 1118 - 2660 13.5 . 180 457 5375  27.3
046 1168 . 27206 13.8 : - 190 483 5520 28.1
2048 1219 - veees 2775 0141 . 2.00 508 . 5665 28.8
050 12.7 . 2830 144 250 635 6330 3272

- —>

R > N —




‘;\_% /

it VP =10 mm. and & = (.86, then V = 12.8 x (0.86)°% = 128 x 1478 -

S

e ey by
S LI R RY
/\..E. P S 3
At stanGar
{For non-standard conditions, mualtp

3
%

G cond iy

AL b

" Velocity pressure Velocity

inch / mm w.g. fpm / mps
o >
0.01 025 400 204
0.02 050 563 2.86
0.03 0.75 689  3.50
0.04 102 - 796 4.04
0.05 1.25 890 - 4.52
0.06  1.50 974 - -4.95
0.7 175 1053  5.35
0.08 © 2.00 1125 572
0.05 - 225 1193 6.06
- 030250 v+ 1258
011 275 1319 670
012 3.00 1378 7.00°
013 325 1434 7.29
0.14 350 1488 7.56
0.15. 3.75 154}  7.83
0.16 - 4.00 1591 8.09
017 425 1640 833
0.18 450 1688 8.58
019 475 - 173¢  8.81
0.20 5.0 779 9.04
022 55, 1866 948
024 . 60 1949 9.90
026 ° 65 2029 10.3
028 7.0 2105 10,7
030 75 2179 11.1
031 840 2250 114
0.33 85" 23207 11.8
035 9.0 2387  12:1
037 95 2452 1235 .
0.3% 10.0 2516 - -12.8
041 105 2578 131
0.43 11.0 2639 134
0.45 115 2698 137
047 12.0 2756 14.0
049 125 2313 143
e >

s I
. i

i

..
e

4 i/ h‘ﬁ g

VR0 SO s

Velocity pressure

. 0.51

0.53
0.55
0.57
0.59

0.61
0.63
0.65

0.67

0:69-

0.71
0.73
0.75
0.77
0.79

0.83

©0.87

0.91
0.94
.0.98

1.06.

1.14

122

1.30

1.38

1.46
1.54
1.61
1,65
1.77

1.85
1.93

200

2.09

2.17

x"J
‘/
Velocity .
inch /mm wg - fom [/ mps
I : >
13.0 2870 14.6
13.5 2025 14.9
14.0 2980  15.1
145 3030 154
15.0 3080 157
15.5 3130 . 15.9
16.0 3180  16.2
16.5 3230 164
7.0 3280 167
17:5% 773330 16.9
18.0 3375 172
185 3420 174
19.0 3470 7.6
19.5 3515 17.9
20.0 3560 . 18.1
21.6 3650 185
22.0 13740 19.0
23.0 3820 194
24.0 3900 19.8
25.0 3980 202
27,0 4130 21.0
29.0 4280  21.8
31.0 4430 225
33.0 4570 23.2
35.0 4700 235
37.0 4840 24,6
39.0. 4970 -+ 25.3 -
413 5090 259
43.0 5220 26.5
45.0 5340  27.1
47.0 5450 277 .
49.0 5570 28.3 °
51.0 5680  28.9-
53.0 5790:  29.4 -
55.0 5960  30.0.
| o >
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Standard Conditions;

Galvanized Ductwork
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Roughness

_Gaiv steel, 1011g1t

Absclute Typical
Class Materiai

0.02+  Extreme* " Flex duct

0.01 Very rough** “Riveted steel,
surface Concrete

0.003 M.ediﬁm rough 'FRP {many strands
surface showing); fibrous

giass duct -
00005 Average Common -

- 00004

galvanized Steel

Smooth common
galv steel

L_Mediiim smooth
* surface-

- Very smooth -

"seams hot dlpped L

-Rolled galv., steel,
. Spiral wound duct

Alum stainless
steel, glassy FRP

PV‘C, ABS plasti¢

6000 ..... fpm

;,_.
In
-
L
-
LA
[a—
[

I
et
}fCD :

L0 L0 10
0.97 0.96 095 095
0.83 0.90 085 0.80
0.88 0.83 . 0.78 075

-** Roughness factors for Very Raugh and E'ctreme duct should be mod1ﬁed for d1ameter as follows:

1

Raama] R;abie-{— Y. Where Duct D:ar{eter 4- 8” 9-12" 14-18" 20- 30” 32-607

BERY
3
.

Yoo 01

0.0

0.1

-0.2 0 -03

Othf-r ’loughness COiTCCthﬁ Fabtors Vary only shghtly with diameter.
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S Smooth
TY¥PE: Trangition

8
-2

§

1

£
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[¥e]
wwm
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[9e]

1.56  ©6.3% 4.

e n S22 e 2 e e AT e . I R S ) Y R R 0 e o £ o e £ D (TP 3 A D JED AR e £ e ok e e o o3 R ek W3

"f‘* Notes: R = radius of curvature as number of duct dlameters,
' o radlus to. center»llne of duct.

(1) and t2) above represent eange of aources..

Lose Factor K 1nc1udes frlct;eb loss

. -- Splogsg K X den_' - - o ' : - : ‘- |
For angles < ?g:{“ﬁe;:iﬁt-f9ﬁ_} ¥ Rog '_,/\\/%K

For comblned elbowq in contlnuouw ductwork‘

Kt‘= 1.2 X {Sum of individual K factors)

- SOURCE: {(1:2,9)
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VPaQa + VPb Qb
25 [VPe - (mmmmmiomeae e v]: When SPreq > O insert in Row 29 of Chart 12
| QaF Q- - for.Row 16 of CASD form]

e than 45 should be avoided (30° is pretened j; use Lrurfe'f method for sZ* > 45

Method (Modified) . . : R
reaid oecurs-in both mam (a} and branchr(b).- lnSf:,ﬂ in Row—2 Chart;—d2-.--;,{3CASD:RQ\;LL.‘E i

K. main a K. branch b
3w 45°  90° - . Db/Dc ap° 45° 9"
] 20,2 0.16. 0.15 -0.06
o e 0.4 0.15 0.15 -0.07
.32 -0.27 -0.15 0.5 0.14  0.13- -0.10
-0.30° -0.26 -0.15 .06 - 02 011 015
-0.26 -0.24 -0.14 07 0.09 007 -0.23
0.8
0.8

-0.20 -0.21 -0.14 0.03 0.01 -0.36
-0.12 '-0.17 -0.12 0%  -0.04 -0.08 -0.54
041 -0.12-011 - T \

. Fa maina : .~ __Eb.branchb -
30° 45 90" DbDe 300 45° . -90°
0.67 0.61 0.24 =0.5 078 072 -0.30.
069 062 027 06 - 078 065 -0.39.
071 0.64° 0.32. 07. 076 057 -0:51
0.75. 0.67 063% .- 08 075 045 .-0.71
0.80 0.71:049. 09 0.72 0.27°  -0.5%
0.87: 076 0.64 . S -

. EaVPaQa + EbVPb Qb o
R e ) Insert Squ in Row 29 Chart 12°
' Qa+ Qb : . [or Row 16 of CASD form]
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STACK HEAE
(ﬁarrowea to 1ncrease,

m&-Hf(A‘

. outlet VelOClty)

= §.25 {vhere Loz = K(VPGmVPd)

<0 v /e

- VERTICAL DISCHARGE

40

. SOURCE: (1,2}

OK = {#.308
(2-45 elbows)

T RN T T

H

Lt e e

1.00

G.75 -

g.60
.50

G.45

——

®
D g.15
b g.ig
D G.41
D .73
D 1.88

EVASE

{mapered outlet to regain

Statiu Pressure)

OFFSET FLBOWS

K = ﬁ‘(See,Chaft 17 for;régain}

OFFSET STACK

K= 9.5
(Blankegd turn)







