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Other rooms

% V Y % g

) Data for Exa mpole 5.4 (mean surface [emperaturec) and Examplc 5.6 (hcat ‘OSS’

Vel wirdl it A Al i
ft«-l_lL:_;.EilL-:_: (e area »-‘.C]F—(

Ul
-y

y r o _ : ' <
ted mean surface temperature of the room shown m Fig. 3.2

| ; L(Ats) C
Area %,_eighltd mean [ = VLJ—{ \ ,

The data are presented in Table 5.2.

Table 5.2 Mean surface temperature data for Example 5.4

Surface Area, A

Y,
(m*)

A 1" Is)
C) (m-°C)

15
264

_— T,
¥

Glazing surface | 3
Wall surface 2 12
Wall surface 3 9
Wall surface 4 10
Floor surface 5 12
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Table 5.2 (contd.) L SRR L

‘ 'Cid, - ‘ "'\
Surface ,“ ¢ (4 x i )
| (m~) (C) (mzecs)
Cetling surlace 0 lj* 8 288 k . | _ : o ot
Wall surface 7 W 108 | glazing, 0.6 W/m” K o ed fl vor. Calculate B
Radiator surlace d 2 A 40 | | for the interior walls an 0‘ ated values

V( 4) = 66 2i(Atg) = | | (NV)/|3E(A)]. Compar _ gy Wb, <
S wl l e 1 : | A9.1-A9.7 in the CIBSE Guide 4 (CIBSE; S
p—— . | mean surface and mean radiant [CMPEras o e
d,(AtL) " floor area and per m° of yolume for the L

o -
, ,

e . uniahted meAR b = ———

sialc The solution is shown as room | on Hie'&
” ‘ Q, = [AIZ(4U) + 03305

—al 49 _ . S
b At The modified U value for the mlsmﬂ _ Lo

s . - g U=U
EXAMPLE 55 \

|
A room has an F of 098 and an £ of 1.05 when the resultant tem
designed to be 19 °C at an outdoor air temperature of —4°C. Calculate tlieratHreg 0
mental air and mean radiant temperatures for the room that will be Pmducegmom | i
room if the heating plant is correctly sized. Deduce what type of hﬁ‘ating cd In (h Find ¥(A4) and (4 U) from Tﬂm

S—

“I

being used System j; |

ll‘

Table 5.3 Arca and ‘

i Surface 7 ¥
Itl = [Ju + F] ( 1’..,_' = IL-“JJ .—‘C ':”,E"

= 18.5°C North external wall = &

e . . West external wall B

b = lyo + F2(1. — 1,,) °C South internal wall
4 Y East internal wall

, + 105 x (19 =} Floor (no heat loss) { A

= J2°C Flat roof 12

by =24 — 1. °C

—_—
——

2x19-202°C

—
e




| ~ | Fis 100%, SQA A =1 &
tar a torced warm air heating system, A 13 | UL, A | ang P
' =

" . S .
&) and £5 can be found 0)

(raction £ 18 zero, the p
50

it can be seen that when the radian
. q . . : L
2erQ, and £, will always be equal (0 Fu

= 0,909 7

K x (& x 1012 x 119060 + £E(4V)) | p
- e ———— = \
=T 1012 x 119060 + 6%(A) x (KEy 4 Hu‘

| x (0.9 T-U_-,' « 1012 x 1.1906 x 0.01 + 0.9697 x 37. 14)
— - 1 — == ““k - = ——
1012 x 1 1906 x 0.01 + 6 x 66 X (1 X U.‘f)?()_"_) + () X 09697) +09705
47.708
— = T2 4+ tA \) ‘U_\
_;90 }@T
—— LI&JUQ

In order to read values for £, and £ [rom the C/BSE Guide A (CIBSE
Table A9, | T

it 1S necessary to calculate the ratios

iU) 3/.14
Vi(A) 66
= (L. 5627
ROOm volume V = ' X 3m
- = 30.m
) .
j Y} | X 36
1 S8 3N -
- " “)\_ 3 £
. ; - iw K‘ -
|
b = . 151858
LIBSE Table AY = (97 | L &
; culated £ = 0.9697 = 0.97. CIBSE Tabisll
_ oL Wiailcld [y — ;’l,:’l | -fr == B ] l i“
- = A . W l N
B, | = 1. ¢ Calculated values agree with o
wadeal SIgNICant decun: al DJdLL,

12(AU) + 0.33NVE,]

U f'lUjf— X ‘;‘ ra

X | ~ to J VV
gt X 36 x 1.0909 22 — 21\
=9/ —;‘j | W :4-§'J "W " ) (_—- 2)

v HedICsl significant watt

g .fL; x lf-'t, X 'Ul_j b * it"““(k,) | (L”I!_‘{ l{ ]_! ‘]‘ !J ﬁ

o1 3 \";“ | *\"-'1 y (‘ .' JLfl“_j:) i ‘s
(AL ) |81 (A) X (HF i g -

“ ’ L '\.r 1

— T e e ——— > ( L .
37 14 4 18 x 66 x “ ¢ 0.97 705 l ¢ 0. )697) +0‘9697

= e~ 14 °C i R
— 2 x 22 - 25.8°C VRIS
= 0.3 ?;.;, 5>

Now calculate the room surface temperatures from
(i = tao + (1c — tao) X Fy X (T = Uld)"c

The R, values are taken from references as

wall and window Ry = 0.12m* K/W

floor Ry = 0.14 m* K;"W .
ceiling R, = 0.10 m~ *K/W | , |

For this calculation, f,, 1s the temperature on the other udodm_ |
(... The U value is unmodified. The internal surface temperature o
found from - s
=2+ (22— 2) x 0.9697 x (1 — 5.7 x 0.12)%¢
= & 1"E i
The other surface temperatures are found in the s¢
represented in Table 5.4.

Table 5.4 Area and surface temperature data for Ex: ) 4 (

Surface ¢/ lao Rsa- ls

Glazing 5.7 2. 8.1
North wall 0.6 2 0.12 200
West wall 0.6 2 Q012 2080
South wall 2 18 02 - 225
East wall . 18 Q2 20>
Floor 1.3 22 .14 220
Roof 0.35 2 0.10 20.7

D(4) = 66m>

Y(AL) = 1344 6 m” °C

Arca weighted mean & = -

Notice the environmental crltfm& EOI
uaed and there is no source Of
‘i C s needed 0 ma
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[he plant heal aguiput P!

Ld‘“]p;]li."ﬂ:‘“ ““h lhk . \"‘-‘ i"*'

EXAMPLE 5

Caloulate the heating plant output that is required for (he industrial buildin

- | g shoy
m Fie 5.3 The factory area is to be maintained at a resultant [Emper n

] ature of 16 °C
ind the oflices at a resuttant temperd s af 20°C when [llL:.LH.I[dU'l’_;H_ dIrl 18 at -—5°C |

ey e Y and
office areas. The rate of mfiltration of autdoor air, N, 1S 0.75 air changes per hour ij
L!-L... F‘J._t\_;: 1' 1”‘__] LIC ;|.| '\.IIJ. [||‘:5 *IL'Ji II”“I Hl lhu \.ll“\.\.}; II]L lt“&.tl‘l‘lLll [l_(,ill.:_‘.'i]]lt{ances are

6W/m- for the ;_'-l'..i_-_m:-__' nd external doors, (L6 W/m- K for the CX(Ernal wall
U W m K for the roof 0.48W/m” K lor the lloor, and 1.7W/m?K for ¢

LLAC LU ‘ﬁ\.“l lfh. 'L.F.L:\'1::.r|'-." 15 L0 S LLLLC 'l!l-!l lh'a;‘ \\_‘lLJ -.ibll.]\:c lhc
il '

SE
- WY he
20gr 18 " L)Ult‘:ﬁ tlat ceﬂjng is
emperature of §°C. lake the buuding dimensions from Fig. 5.3 All the
'»\-g»_it'inw e 2m d\.!!l;:' and 2m 'F'u;:,fl Calculate it_u 3';1 f‘j l_‘:jt I‘[f {)IE(A) and
¥ 30 (A4 L AInparg the calcuwlated values foi {"_[ anc "L-‘ with {hUSC i * | |
A4 Fin the CIBSE Guide 4 (CIBSE, 1986a). Calculate t}

1€ environmental aj -
I lace Ll.hkl" LI adll 4 lr’ mean

L (Ll L\.HJi_i\'“lILil'.;\ U\LI “ll: ,UIL““. “‘CJ[. ULI[F’“[ PM_I rj]j Of ﬂoor

l_ 'I _
Of VOOUme 1ol ]:l‘

l" | i } \
Y W SRlNiy

Ih J . | WRNNT X (o — Lao } %
e .J!JL" l= ' I | f
IS L LI "l'll\;ilid.t '\\4!]‘ f[ IV 'l‘- a2 ot
Ul Lne Tactory to the office is

W/ m°* K

I h‘J :'Mo a LU
P moditieg (

-.3511 )L‘\.ddas.' i. ih;n.‘
s J Ol ht‘d iy
Of g AMCIngG | Wdl o 4

ha = WL Be 2 neoa
A0 eQual positive flow o B4UVE flow of heat from the factom
o e 0 the office into the factom
By '0OI vouid above the office 1
X
65 YmiK

I 1 i those for other rooms ‘OUigE
VIILES BN T : |

folc.t'ig
t. 20 >
Roof void over

| -windﬁw

Roof void over office

' Ofﬂcs -ea[llnn' lm

'C

C

[

Faciory area
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Fable 5.5 Area and therm |l transmuttance datg lor bh&
Example 5./ VIO, |
{rea, A L/ \
\:'l . ' r ) A
A (m") (W/m*K) (“(/f’K
' - . )
Laross ¢ 'nJLfHJJ ’“ 117 A 3
(60) x 4+ |5 x 4.3) “*”l/j’ ”
'}-l}lil\ [ .J { 9 ) ,Ti‘] 0
Windows (5 x 2 X £ ELJ / 6 ()
Qpernings ., _"ﬂ:'d y f) U 228_0
{4 g | 269.5 9.0 16] 7
Wall to othce (13 X 3 45.0 V.32 —14 4
"V\;"j“ 10 ‘1_[)“_' 3z .
Floor (30 | 3) $50.0 ” ““S 2168
Rool (30 /.0 -'I_. 430 U U ‘;ﬁj ]596
). A | 25| 2. AU) = 76515
g N B Y __"_'_'L‘—ﬁ‘——__‘_‘_._‘-
l | _J 82.(. {) B
'TS(4U) + 182(A)
[8 x 1281
7655+ 18 x 1281
= ).Y68
; s ﬁ-;“;_f ,J__,l 2
1012 x 1.19060 + 6%(A4)
volume of the lactory, V =30 x 15 x 4.5 m3

= 2025 m">
(1 NI /'_'f-f;UfmJ'/z

=0.75 x 2025/3600 m? /s

: _ 1€4 | QU/cf avan
E =03 HIg System

n

£x| 19060 F,)

-~ |_J -

( 4

K18 70%, so K = 0.7 and Bl 178

F; = _'
& 0.7 x (0938x lOlellme
T 1012 x 1.1906 x 0422 + 6 x 12 (
852.6 _
= 7-78741 + 0.938 By
= 1.0475

In order 1o read values for F; and F; m
Table A9 .4, it is necessary Lo caiadau*

AU) T
(A)

r v

=05 “4 *
3(A)~ %

H

CIBSE Table A9.4 F; =099, calculated
CIBSE Table A94 F, = 102, cﬂam
The calculated values are different ”’

significant. o
Qp = [FIZ(AU) + 0.33NVE) '
= (0.984 x 765.5 +0.33 x .78
— 26843W i
lei = lag + F1 X Al "'ﬁn"
= —~5+0.984 x (l.t
= 15.1°C o
fi = leo + P2 % (s R
~5 4 10475 %
17°C
=Hem iy

1

)
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o = -y -4 |lf"

)y w 0984 x (| 6 x () ]2JC

=08°C

4 .\ ~c are found mn the same way, _
The other surface temperatures are found i T *0d the day, . Table $.7 Arca and thermal transmitiance
in Table 5 t ! | - |
\‘ Surface Arvea A
: | (m*) %y
o efare temperatures for the factory in Example § T ' | " e d B o
Table 5.6 Surface K m;: ‘___1 Raprb el PIC 39 Gross external wall (25 x 3) 75 ‘ _ B
LT R T ) ._ R _4\ Doors (2 x 3) 6 | -
Jurface : “ao ' R A:s | Windows (3 x 2 x 2) 2 ; ’]" AR
Gla; v doors O ) 0.12 (0.8 38 . , openings 18 “ o
North wall O . 012 M- 5 ’ig 1443'4 Wall to factory (15 x 3) 45 027
\\'Cg[ \\‘[” “ 0O ]] ; ]4 . }'5 844 9 | Floor | ]f‘ n f';'l TS “
South wall 0.6 v 0 Roof (15 x S) 75 035
Ofhce wall 1.7 -—“5’ Y ,j 0 45 760.5 _ L(A) = "70-2
Floot (.48 ) 0.14 14.3 450 6435" -
Rool (.33 ) 0 f[j ]i? 456 67944 o N
Void wall 1./ O 0.1. 4.3 225 32]8 F 18 x 270 ol
L(d) = 128tm° * "= 2167+ 18 x 270 RS
L(de) = 18168 011:‘ B 0957 S
F - hzt 4 i :.-:-.
S(At) £ 1023k11mw¢}LaSz4a i
Area-weighted mean 7y = —:;[—4 ,_} (5 V=135 %5 x 3’ -_
18168.95 ' = 225m’ i
& IQSE C ) = § w 2 3600 m " /s :

! = 4.2 °C = 0.0625m" /s l '_ ) I
' S__ OHW . 6 x 270
| : ] A floor area 4 m? T 1012 x 1.1906 x 0.0625 + 6 x 270
. 1 1 20843 W — 0956 __J;,: |
P | ~ 450m? . ~ 0.3 x (0.956 x 10]‘L x 1.1906 x 00

4 = 59.7W /m?* | 216.7 + 18 X 270 0.7 XO“

I ) ) W 833 _
U1 | AR —— g | 8504.3
:.',‘- ’ room volume J m = 00172 +- 0957
; ‘il = 26 \42\\ 0974
4 o 2025 m°® - g
.‘, .'. . F-, - 0 ' kO 956 w ‘0‘2 wx ‘

™ 101’\11906&0@*
+ 0936 e

-
Y

- i

$ U
i = 133W/m’

Pt i e o 5 4

=

b~
;)
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all numbers 1n {
U 111 SOme Ci
ndicated as b
A1 svnd v

U1lSpDIadVi

splay format. The computer US&

n subdirect ar
uodadilreciories so t

~~
/ [ i

=1 (IS J

g - - 4 -‘.-‘l‘

hat the filename _
S1. WK 1. This mes®

there 1s a job data disk 1

Data requivement | 9

| drive A. This disk has a direclory named HOLDEN. Al
the files for the job for Holden Motor Company will be located in the HOLDEN
directory. A subdirectory of the HOLDEN main directory is reserved for heat loss
the HLOSS area of the disk. A worksheet named
LOSS1. WK is to be used for the current data and calculations

Each room can consist of WO rectangular spaces. Where the room Canno be
simply described in this manner, it may be necessary 1o divide it mto more than
The parts of the room can be given names such as LoungeAl, Loun-
o that they are correctly added when it 1s time to find the total heat
four walls. Each wall can have three OpCeTngs for
2 heated space has more than four walls and three
be appropriate 10 add some of the lengths together so
that all the components can b€ cluded. Floor, ceiling and roof data can he
entered under any of these surface categories provided that the correct data s
- dentified and entered somew here in the cell range from B9S5 to F100

i de of each wall, floor, ceiling and OPEnIng s

The temperature OnN the other

entered by the user. This will be either the outdoor air temperature or the resultant
temperature of the room or space on that side. The thermal transmatiance of each
wall and opening 1S €0l tered as the unmodified U value. These will be taken from
the references or the UVA [ WK | worksheet outpul by the user. Modifications for
intermediate temperature differences are€ carried out in the cell formulae. Make
sure that zero is present, OF IS typed, in cells for the dimensions of walls and
and the thermal transmitiance where there are
that previous applications that

the second temperature
s contain old data that

calculation files; this 18

one space.
geAl, etc.,
load. Each room can have
windows or doors. Where
openings in each wall, 1t may

openings,
r ThL\ d\\@ ENSUrecs

he file have been OVETWIIICH if cell
1S correct for the re 1S no need to oV erwrite it
Check that the dimensions © ¢ the rooms have been accurately entered, because
the only formula that W 11 validate the input data is a simple area check. Visual,
nwegi;au;'f.én"ier;'i; or typing errors by the user may not be found by this check. Make
' that require numeric data

entered OnN 1y

-

no surtac

have used this copy of !
the new ap '.jf‘ﬂ. ication, t he

o5 to be calculated fo

aumbers mto the cells

Surc that you have CLLC]
[f the letter ‘0’ or ‘O 1 Ty ned instead of Zero (. an error message will be displayed
Iphabetic characters in cells always

the calculal

n the cell where the € ion is produced. A

the formula line on SCreen.
with alphabetic characters, only numbers.
hers because they appear il the cell on the
s words and then found amn eTror message

T ,ke. Review all the data that 1son

Chis is an easy mistake to mke
double check that there have not been any OMISSIONS:
thermal transmittances. Are they

have an apostrophe () at | he beginning of the strng if
-] : = gy =3 -

rograms do not
that a cell contains Nuil

: I, —
Spreadsheet p calculate

You may think

4
n 4 P v Have tTYUD - | — S
screen, but you ma nave typea t nem in 4
y . _—
m the form ula cell

the screen for each room tO

‘the dimensions, temperatures and

ook at
correct? . |
The worksheet 1s sel up for 10 rooms. Each room must have vahd data to avond
an error, ERR, message n cells. When all the real rooms

have example seven of them. the remaining three rooms are
sive fictitious data and they become fictitious rooms. Ihe original.data disk
. non-existent TOOMIS with appropriate data. Each fichtious room 3
(m long, 1 m wide and | m high. It must have a design rm =
; 0-C_Wall | must be Im

temperaturc of 1°C and an outdoor air 1¢mpcmture of 3w This is the
mittance Of 7e10 Wm ’ 15 18 U

lone. | m high and have a thermal trans
m. The worksheet calculates -

data that 1S neede

the formulae generating
~een described, for
contains these 4
must be

d for each ficutious o0




.:;‘05\ Ol DOne ~ | | |
e VAL MAC L) L 1 s 1S Lthen |'1-\_['il{|!,'l"l‘“‘1 Dy l“\‘ \h“‘“‘l clice l"k"l\\'&“k‘l']. th‘ p
11 1 } : - 1)1 = - 1) \ | ) : (J\ ~
mperature and the outdoor all emperatuie \ negative loss of mh"k‘
| \h UI hl} I

AL L
L *I‘kl!'. }.‘I?\m

knll!:"i“lk\‘-\[ ‘:9:.1| ﬁ"‘\ \"\,l'l_ ""ll\.,'*_ Illll'l_‘ll‘| li]\ '\.ltil\‘lli \‘ll‘.k. \‘l ll\k‘ “"\‘\‘r‘-l llllrlx al xkl,. - _ e - . . .
e, Use the dimensions and data on the hgure and the following nformation
;._ R4 1 I 3 ] \ ' ' S N f { \| 'J l: 3 ' : " - ; ' -~ - ~ - S . -
WAl 1OSS 2L AL D.I3NF | X (% o) W 1, outdoor air temperaturc for design _2°C; the store 1S expected 10 have .75 arr
N1 30 G118 + 0.33 x 20 x D39) x (B 30 — C29)y changes per hour due 1O ‘he infiltration of outdoor air; the office above the store 18
- B 2\ 1 \ 5 E ' - — (
\ maintained at a resultant temperaturc of 21°C; the internal doors have a therma!
~. M 120 (ransmittance of s 3W/m-~ K; the store double door and the windows have a
- K thermal transmittance of 5.3 W/m~ Ki (he internal wall thermal transmittance is
N 920 TR0 | 7W/m° K: the store ceiling has a thermal transmittance of 1.3W/m~K: the
thermal transmittance of the external wall is 0.7 W/m~ K: the thermal transmit-
e difference between the heal gain 10 and the heal loss Irom the Unhegy tance of the floor 1S 0.8 W/m- K.
- TN ' — ey e - - ~1- ATV 1/
: found The user can se¢ wi ch room ail temperature satisties both K Uy, The solution is shown OO the data disk as fle A-UNHEAT WK1
sk ik alko known as the © Tance temperatutt vl f),, Using the worksheet reveals that the store 1s likely to be at an air temperature of
| _ R °C. Calculate the heat gains and losses for an assumed temperaturc of 8 °C for
s iR e te N ) N ' L (YN . ' = - = ; . " : ” . #
L1OW galll loss W the store. The data 1S shown 1n Table 5.9. An example of a heat gain and a heat
C130 — D130W loss calculation 18 detailed.
P~ — factory door heat gain = 2 M~ X 3W/m” K x (18 — 8] C
—= 6(} W
\_' alct . e temperatl e that 18 hkely 1O D¢ \,"\l_Ji_“*}_ﬁ_'&i"x."xl L1 Lhk;‘ Ul'l_i'*!‘:';ltfd S[OFQ 0[[[ SLOrE \;’\[E’Fﬂdl \,.\'i_-'l'l'[ nel arca = 'f:: p 4 3] — :‘; — -1 m
| i ST % } - 0 ~ LB h: 9 T
e B, S . = YN
O store wall heat 10ss = s4m- x 0.7W/m" Kx(8--2)K
-l"%T\ ™ e T — ﬂ‘—‘\l‘ \I"r
'l-sq'—-*"‘———-f—-—m‘ .-l Doors 2m high Y IC
—— —————— ' l\ e A Table 59 [Yata 10T Lhe Llﬂhsi.lrid store 1n E\dﬂ-‘lpl‘ 5.16
iipreres e /A > =
\\ SUFTAC [ f‘l‘f A !;;:'L! { . [ QP
(m) (m) m- W/m-K) (C) (W)
f__{l._ (L L [ LFES
\JOW Wall | 2 3 36
- m Doo! | 2 2 3 20 12
P 14 g I 93
:I"l"':‘: JQC'%,S Al : |~ : nct j-_r 1 _(J hq- 6
Wall 10 3 30
i Store Door | 2 2 3 18 60
. e 12 m ne 28 1.7 |8 476
20°C \ et Ceiling 12 10 V. R 21 202%
e , Total heat gam = 3330
WNindow |
2 m x1 m H‘a_! losses
o Rainkt B Wall 22 3 66
8l ';'.S:,[ 1 y: ' DQC’T _L j_ S‘ 53 5 4:4
> ' - - §
/\ Windows - | - J.2 8 212
NIRRT NG i net 54 0.7 3 378
L I 1 11 X Z I ' _ 3 y e b - .
- | — Floor 12 10 120 0.8 . 960
Total conduction heat loss = 1974
~actory ventilation Oy = 0-33NF X (fa = Sy W |
- - - — . - - ' N
18°C _ 033 x 0.75 x 12 x 10X 3% (8 ——-2)W
— 891 W
g
total heat loss Op = 1974 + 891 W \
___——"'""-“ = -
Erawing i nak SESE — 2865 W o
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areas and suriface !emperaturel floor
C roof 230 m*, 13 7°C, walls 240 m* 12°C.

20 m”“. 110 C

1) ]tL—J".r-f \ ,['lg
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‘asistance curve:

Fan characteristic curves 1 69

\ T ke eveterr
ALIC LWL K sysiem Qperatlon
ntersection, '

~otor pulley d lAMeters:

Pressure (Pa)

Ke

y exrms NG CONCepP1s

2000

Air flow. g (1 /S)

Fie. 6.1 Companson +yf fan tvpes. | fans are not directly comparzhlcr ® kward-
rig. o. omparnson Of Ian Lypes

urved centrifugal: . forv ard-curved centrifugal. @, axial: «. propeller; O, med flow:
- C:' 1 CCLiLE il :_}, g : ! | -
. system resistance

h t w fan is to operate. New [ odels are subsequently tested
speed at which the new Ian IS tU operate. New [an m dels q y

e il Lt e _‘.‘ jw‘ww_ ‘_3‘
(O CONIITIN LICLE nredicied peric Tnancc

g T- !
r L

e _, - to read ! "an total pressure and volume data
The approach used ner to read the fan al p

—ves and fit an equation to the curve. The curves
e cenre fan velocity pressure and power CONSUMPHON ate calculated
e w rates employed. All these curves can be automatically scaled

_on the fan data is required at a dificrent rotational speed
< data mav be fan static pressure against volume flow rate. The
: rv applies only when entering data mto the
nd is demonstrated in question 3.
| nressure. FTP Pa, against air volume flow rate, O Vs,
g i - g s
asuallv corresponds to a four-term polynomial equation. These are of the jorm

from manufacturers published Cul

—-

~S T T T T Y T
— = S _T-' I

W PREUEYLETDYI _'lh‘- wal | _U.T .

where g b ¢ and d are constants for the particular type and size of fan, FTP 18 Ehc
- .1 pressure rise in Pa, and @ is the air volume flow rate delivered by the fan
il s [t may be necessary to add the fifth and higher terms, but lour are ;l:xpccwd
- ' ' +d carvef rst 1 ncludes O raised to the power
an 1s specified by the pressure rise that 1t generates 1 the ai X \_un; lrlfT;;ifs{uiﬁnsmn[ dpgears on its own. The
' - = . o 11sed 1o Zero 1S W

ate that 1S passine throuet | mieal cvirvee for 3 '[, mﬂ{ﬂd R - e 7 a _.
g e s e e tor' ‘a:ucl g5 are second term is Q raised to the power ol umity, the third is the power 2 and the
lorward-curved centrifugal and packward-curved centrifugal [ans ' v

fourth is the power 3. The second and higher terms can be positive or nega
' Notice:
igure can 0e seen in the worksheet file CO MPARE-WKI.' .

e viewed on graph |. Fan curves can be reproduced mathemé . FTP = aQ’ £bQ" £ = dQ°
) IS Xnown and [he test data s published. Manufacturers predit ol as 0 =land 0" =0
iL oFf a2 new size of fan from a knowledge of the performaﬂcc, 3
Imliar modeis that have been tested Ciu*ves of pressure a.;--,_
e scaled upwards and downwards depending upon the rotall®

LIl

3O

-
o

FTP — a + bQ + c@F £d0°

1
i
“ g




I f {' IL-u'H and YVstern "“i'fl’l tion
i | . .nd display of f: Fan characteristic cwrves 171
I hk‘l‘k‘ Are seven wot }\"ill\"'\.“!"‘* h” ”“‘ k"tIIL;“Ll“U” i .y dn dnd &}IH
operating conditions ey
’ n 4000
N TN | ﬁ - . an.
1. ANY AN, the user can entes data 101 t”h Lal
| 2. CENTFOR, forward-curved centi fugal '*”'*h
. et te ‘ & neal tan;
3. CENTBACK. backward-curved centrifugal S 3000 %
4. AXIAL, axial flow fan; -~
>. MIXED, mixed flow fan 5
. ' i Q ; '
0. PROPFAN, propeller tan: E I SO
7 ‘O \ B * £ an Curves < 2000 1
. COMPARE., display any ol hve fan CUivs S N s | W, B
- VEA ) wNTFOR. CENTBACK - 4 - ; |
he worksheets named ANY F AN, ClI NTFO! Tl first ¢ h A)\[AL dng g f |
. 1 a— . “u h -1 'L : : L) \-- \ | :
MIXED and PROPFAN each have Loul *l’-”"lphh' & | . r[lp' ‘N the CE | LE 1000 : 4 B G g
R 2 . T b system characteristiec o s @ o 1 | | | c
FFOR worksheet shows the fan and ductw orK s i S CUrveg ¢ a | |
lhf hl}'hfﬁl fan .“‘-IL‘UCKI. A\ LYPIL dl Chart 1> >t b h.. l s 1O l‘dl ‘ll W Of [hf " i
intersection between the fan and system Cull es 1S made to lacilitate reading th | ‘ —?————_:d ———
ot a1 chart is shown in Fig. 6.3. The seneral arrangeément of g foru. W = ' = ——— o
data. A LYPIC ‘? Chd |‘l 1S S -- ::-~1 6 4 - n\-ard_ 5000 5100 2200 2300 2400 2500
curved centrifugal fan is shown in Fig. 0.5 p—
ANYFAN Fig. 6.3 Intersection of fan and system CuUrves for a forward-curved centrifugal fan,
: stic. Air flow and pressur highest speed: @, fan total; W, fan velocity; @, fan SIaUE, =, system resistance: O, motor
This file is for a user-defined fan charactensuc. .—\U flow and pressure data cgy be VA/L0
ontered for axial flow. centrifugal, propeller or mixed flow fans. Four graphs hyy
5 L camnle fan data on the worksheet. The gre - | . ,
been prepared using the sampic fan data on the W l ‘e Dfilphs dre Ip always a slip between the alternating current frequency in the stator of the motor
pairs. Graph [ 1s lor the first fan. and it shows the w hole range of performange al and the rotor shaft speed. Fans are senerally driven with a V-belt drive running on
the highest speed. This 1S expected to be no e {hap 2390 e m'“* the highey pulleys. There 1s a larger pulley on the fan shaft than on the motor shaft, so that
practical motor rotational speed on a 50 Hz electrical power supply. 50 Hz corres ‘here is a reduction gearing effect. Fan rotational speeds are usually within the
- ot _ BN LY e, 9 ) M\ oo N : ' > ' 2™ e Rl - ldtaid o :
ponds (0 3000 rev/min. A 60 Hz supply u)rl‘cbpt‘*ﬂdb to 3600 rev/min. There 15 range 350-1450 rev/min 1n order to minimize the generation of noise. Some
manufacturers show curves for fan speeds up to 4000 rev/min. These have a
L R smaller diameter pulley on the fan shaft than on the motor shaft in order to
5000 T : - T . B i | - _
| BEE aise the sear ratio. Up to 100dB may be produced in the outlet duct at such
4900 1 | Rl ITIATTTTTTT T .- speeds, and attenuators may be required.
= 4000 + ! =
§ s 1 y.$
h, P "y -
- I N
= S N 4
;3 3000 ey
| :-::' 2000 + L 4 A e IS ey S T L N B, A
; : o0 T - i ) 5 g
E o0 + T L SO0 S I TN SR TR T N e S 2 Drum
00 + 3 Volute
- R or scroll
L | !
500 %00 - o
) 1500 2000 2500 3000 3500

Air flow, Q (I/s)

Fig. 6.4 Forward-curved centnfugal fan: general arrangem

el S - s o F & of Woods of Colchester Ltd).
rare-curved centrifugal fan. highest speed: @, fan total; I, fan velocit:

T -

siem resistance; O, motor VA/10.



“,l:\;:lll u,[u‘\‘l‘ctlm‘t\\ég l\‘w\\ data into the |||!._3I|L“Hl -z-.'l'm:d .~4u.;[im1~ of the \'\"‘_’rksheu | Fan characteristic curves 173
1 e highest possible speed that the manulacturer cap - ':E\Qqul
dltomatically caleulates the performance al lower speeds "y Trt
‘Wi the sheet Ciraph 2 shows a close-up view of the inlcrs'ccll]' e gy
"l Y With the system resistance curve to allow improved dCCurye o Of
trom the graph ' rcﬂd’]t

Program
turther de
AN Curve

Ampie data is used on the worksheet, and this can easily be Cha

Lce a published fan characteristic curve ol tan total pressyp, F Y l
Adfall ) . | | en ac ired, 1t Ce CDIE : |
SRIRSE air volume flow rate, Q I/s, has been acquired, 1t can replace the g, 8

da i . . o [ TS, [ DR P DRV WP N
data. The air flow Q L's axis 18 divided mmto equal mcrements, and at leagt IE} Dl
points should be used to allow a smooth curve (0 be Buncl‘lllt‘d lOr lhﬁ“ ne dly

| \ AT i b S ' . w0k JO N o J A .-’ ' = -
tither use the values of O that are already in cells A45 to A8S, or enter i

b

R - s ) ‘ L . y : : » E ; » 1k W ; ‘.- a
| ;k\l-,‘_ L‘L-‘_,Q ”‘J“Uiul\llnfl Q F‘“tﬂ\ll\ll‘hh'kl :;IJI‘II] t\t tl"h.l lh'» \tl]lh—. {.}I [L!n lolal r

L P Pa, from the manufacturer's ;r;!ph, for each air tlow value that has

oy

selected. Type the fan total pressure values into the cell range C45 to g5

B
lﬂsig.
rates. If a different number of data pownts are used. 1n comparison wilhﬂm\ fad |
| RRR ' 4 : Ty g o A1 e o ackward- -d centrifueal fan impellers (reproduced by permission of Woods

onginal cell range A4S to ASS. then the ranges of data that have beep SIJE‘f;irhk Fig. 6.5 Backward-curved centriiug p P YP
- g :

only whole numbers of pascals and nol decimal places, as these would pe
nificantly small. There must be the same number ol pressures as there are

0 of Colchester Ltd).

n the eraph i._‘”f:\ will have to be L"gll[(ikl “ (he PL!h“ShCLi t‘L'ln total preSSLlI‘E‘ iSI
i 2 k- - viralagry: Va - { ¢ ln
millimetres H-O multinly it by the gravitational acceleration, g m/s?, to Convery,
g AR D Y S n
o pascals. That is: AXIAL
pressure, p = gH The polynomial equation that was produced from a typical axial flow fan 1s
" | o 3 . Bt 1
o (P FTP = 3136 — 3.065Q + 3.791 x 10°Q* —0.1144 x 100" Pa
FLCIC O — PAUTOOUIT (a), L
g = gravitational acceleration, 9.907 m/s”; and This equation is located in the range of cells from D36 to D76. The relevant value
H = manometer head (mm H->O) of O is read from cells A36 to A76. An axial flow fan is shown in Fig. 6.6.

pPa = 9907 x HmmH,0
MIXED
“ENTFOR The polynomial equation that was produced from a typical mixed flow fan is
- _ 4 o >, — Y 3 -
FTP = 2075 — 1.28Q +9.33 x 10~*Q*> — 0235 x 10°°0" Pa

[he polyvnomial equation that was produced from a typical forward-curved blade . ..
- This equation is located in the range of cells from D36 to D76. The relevant value

: : . of O is read from cells A36 to A76. A mixed flow fan 1s shown m Fig. 6.7.
FTP = 29544 + 1.606Q — 0.17148 x 107°0%* + 4.7115 x 10°%Q’ Pa
I s equation 1s located in the range of cells from D36 to D76. The relevant valte PROPEAN
O is read from cells A36 to A76 | '
The polynomial equation that was produced from a typical propeller fan 1s
__ - Gl _ -8 3
it FTP =102 +7.03 x 10730 — 023 x 100" — 041 x 100 Fa
ke DAV A (&
; This equation is located in the range of cells from D36 to D76. Th§ relevant value
= puiyhonual cquaton that was produced from a typical backward-cur® of Q is read from cells A36 to A76. A propeller fan is shown in Fig. 6.8.
TP =4247S5 +03150 £ 1150 « 1042 . - - =
S +03DQ+ 1159 x 107°0% - 0.1122 x 10°°Q Fa COMPARE
! hag & ™ il o _— - - : _ 18 . ~ f . g | 1natt - 10T ha wara-
- o * IOL4CC I the range of cells from D36 to D76. The relevant valu This file contains comparative performance data and equauﬁns.f:; ps o
¢ & FEAG ffom cells AS6 10 A76. Backward-curved centrifugal fan 1111[:):?11"31'5ar curved centrifugal, forward-curved centrifugal, o
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Fig. 6.7 Mixed flow fan (reproduced by permission of Woods of Colchester Lid).
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»  Air velocity in the fan outl
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is your subdirectory for all work on fans, and

file name of the worksheet.

OUTPUT DATA

cell D23.

Fan outlet area 1s given In
et arca 15

given in cell C36.
ynomial equation for the

tha
fan type is in cell D36.

4 Fan velocity pressurc i

cell E36.
5. Fan static pressure is given 10 cell F36
6. Ductwork system resistance 0T each value of air flow from the fan
in cell G36.
7 Electrical power 10p
Aow and fan total pressure

ated data for each air flow }

s calculated

iving the fan 1s calculated from the ar

at to the motor dr
-ise in cell H36.
The calcul s repeated down 10 line 76.

FQRMULRE
can be read on

esented in the
is used by the

are given. Each formula
the cell. The equation 1S pr
d in the format that

Representallve samples of the formulae
the spreadsheet by moving the cursor to
lv be written an

form 1n which 1t WO ald normaily

| Jted from the width and height of

,.:.rcwsg—::ccm‘fma'. area 1S calcul

An axial, propeller of mixed flow

om 7d mm->/4/107 m".

fan has a circular outlet, and the

The fan O utlet .
the opening

area is calcul ated
g
Im~*

2 D23 = width D22 mm X height F22 mm X g 2
10° mm~

fan outlet are
’I s o BRY %)

i m-
1 ()°

nd by dividing the
{ is defined as the

o discharge duct 1$ fou
area of the outlet i
an velocity pressure
Im’
X :
10° litre

mg the fan through th
by the cross-sectional
“used to calculate the {
: | " air flow A36 1/5
fan air velocity C39 = g
outlet area D23 m®
A36 -
- DI T

The air velocity leav
~ir volume flow rate
fap air velocity, and 1
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are that the worksheet Calculate

relocity pressure to the aMml The design procedure for air duct sysiems s explained. The principles are
. 1-"_:;_:-—131'1 and enter theSe fﬂSl fu

into the | FTP Oh_tmn Df

,."_J

shown from the use of Bernoulli’s equation for straight ducts, changes in duct
cross-section. flows through branches, grilles and fans, through to a spreadsheet
that can be used for duct routes. Both supply and extract air duct systems are

< A e E“’_'“Cal SUpply js .- used. The spreadsheet can be used for individual air ducts and systems having up
s e 4, thef to five branches. It can be expanded by the user to accommodate larger systems
once the methods are understood. Node numbers are used throughout the duct
systems, and these can easily be changed by the user for applications. The air
temperature can be changed for each section of duct. Air pressure (erms and
methods of measurement are explained. Detailed pressure changes at duct fittings
and fans are calculated. The worksheet calculates all the total and static am
oressures throughout the duct system and in the ventilated room or space. The
index duct route and the fan pressure rise are automatically selected. There 1S ne
need to refer to reference data, tables or charts to be able to calculate the correet
sizes of air ducts. because sufficient data for many applications 1s on the Work-
sheet. Data on fittings’ velocity pressure loss factors can be entered from other

SOUTCECS

The method that is used to calculate the duct carrying capacity is the Colebrook
md White equation for the design friction factor in the D’Arcy formula including
e fluid properties and pipe material factors. The data is for clean galvanized
sheet metal ducts having joints made in accordance with good practice (CIBSE,
1986¢). The overall formula for duct air flow is in a reliable and usable form,
ch reproduces published data within acceptable accuracy. It can casily be
verified with manual calculations and by reference to the source equations and
duu chart.

EARNING OBJECTIVES

et

Study and use of this chapter will enable the user 1o
. understand the terms total, static and velocity air pressures;
2. calculate the density of air,;
3. calculate total, static and velocity air pressures,

understand and use frictional resistance air pressure drops in duct mv
tems and changes in duct size; '

understand and use static regain air pressures
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AIR PRESSURES IN A DUC : b a

s Iuyuull(_‘ (

AT ﬂfl"‘t_,-".””? ””-“|”.|| a duect exerts two Lyp

notion, ol kinetic energy.
Mmoo o

HIrst 1s d'g'?r"_l-”l”lu pressure due to 1S e oW aF il = AN T ) | _ _ | 4
| 1II l‘ I ‘ | ! ' - {
pressure, p,; it acts only in the direction of 1 |

- . ‘
: 0 §pv° Pd | ) _ | ‘ _

y

;

n v (1mM/8)
| N | qir velocl!
where p air density (kg/m ) and 1

A the alr trying to escape [rom the
he enclosing duct. This is Statie n,

b1

The second 1s the bursting pressure

% T . . - [ : ‘
Or of the surrounding air trying (ot ni

rl f“ |I}fnl |' I,|,(|',‘1' "l 4", [Itl{ 1 "4!"'1 H
(e the total pressure p

1 ne sum of these wo Pl SSUTCS

total pressur sfalic pressure velocily pressure
()0 JIUNS Sy h

/' Dy + P 17

Total pressure

Losses of pressure due (o the hiu,!lu'll:ll resistance ol the {--IUC[-. i[S

branches. changes 1n cross-section, dampers. fillers. aii lu_flllup or cooljj
| | cexit of air from a duct,
wvatem and the exil

beﬂdx

i & Cojs
cause iDSS Of[ma]

1< -C.IL{I",J f_ai‘ Q1r 1nto n |.||”.'

) I C sSUTE

Pressure (Pa)

.. | | id Nowing lrom pe
Bernoulli's theorem means that, lor a (e _ |

)sition | to POsiti
- . . : by | s Talal N B af = -~ - ; n
). the total pressure energy at point | equals the total pressure €nergy at pg

\Velocity pressure

nf ) TN \ ]~ p
olus the loss of energy due to friction between the two locations. All Cnergy [ogf I 4 tb*atm

' { W r.r. 0 s = . : - e - : : [e.ga._n
"”',-;'.'-H'i 19 (fj .ﬁ_i{)_ﬂ_mu"fl 18 h.i" a1 ,.HH, I SOITNE CedSES ‘ 11S Cell)l CALISE A ”f)flceabie rlsem ? - \‘+
" F temoerature fﬂ‘.‘ I’;ii}f HJ ”H ']'rl‘*\"a”'(ll‘;. ‘lll‘ OCCLL '1‘\*';“_” cdAll LI(}WS lhro

Ug_h dn | A tmasphersclpre ssure
Xample

| dI 2ement Length, L _(not to scale)
¢ the drop of velocity pressure is greater than the loss of pPIEssure due (g

iwrgement in a duct is shown in Fig. 7.1. The data in Fig. 7.1 relates to

- 20 21
It ¢ an b yeCr) ”lfli Hlf A1 stati ]’H-f"*qa;ll'l(" INCTIEASES !]‘Jif__'nl‘_lul'] f'he E'I'l[

of air pressures between | and 2 1s e " i 2 _
Fig. 7.1 Changes of pressure as air flows through an enlargement
i = po + dpy_s

total pressure at 2

- and f/;;g ) = pressure dTOp section of duct. This can take p]ace at a branch ﬁ[[iﬂg, al a change of duct
dimensions, or when air discharges into a room or plenum space such as a ceiling

& )

een nodes 2 and 3 1s void

The worked examples can be entered onto an appropnate worksheet. The
P2 = Ps2 + Py worksheet uses more decimal places than the user would write. so minor differ-
ences between calculated and computed answers will arise. These differences will
normally be within 1 Pa, 1 mm or 1 litre/s. Two worksheet files are provided on the
disk. The file DUCTFIT.WKI is to calculate the pressure changes through air
duct enlargements, contractions and branch fittings. The file DUCT . WK1 is for
the most common application, where there is a supply air fan and ductwork which
has up to five branches. These two files have been used for all the worksheet
calculations in this chapter. When the user has gained experience from using the
information and methods that have been provided, worksheets may be adapted

for other applications. It is suggested that the user may produce adaptations to the
file DUCT1.WK for the following applications:

4% ["‘-i | [’*_r;

2 |. DUCT2.WK extract fan and ductwork with five branches:
UEE Gcrie . Slacity ) I WK1 s act fans fot - and no recirculation of
— e OCCUre -,,__.,rh,‘:” 2 l"ﬁd{-lc;[l()n in [he VelOC][B' &, DLICT_{WKI ?}Upply and exiract f(]n';\ for one room
. -".r‘r"fir') (‘E'I{; ‘

'- ¢ room Aair:
‘0 the frictional resistance of th 1
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4

W R

regy I e
I - :
L“il}, : _ l 3 m2

OO with LOOM gy

cL lans 1O a6

5.09m/s

ct Lans for multiple rooms and with FOo,
)
d“ . - .
Pyy = 0.5 x 1.1906 x 5.09° Pa

— | 5 F‘d

et .
| DL Sty Mllk o A ug Figures 7.14-7.16 show the velocity pressure loss factors for awr duct fittings
at 30° o 1ubh mm ‘?“*-“ntl- “UEN I gures | N

L CIBSE, 1986¢)

| (CI1BSE, 1950C).

'. o |. The air total pressure . - e
hown 10 T8 ~ al (he For an abrupt enlargement of a circular duct:

100 Pa above L 11€ ,.Ittnli-m.pi"lk'l \WCalr i"‘fﬁéﬁmc Th
onal pressure loss rates are U7 Pa/m In [hk i nd? 4
L ¢ { UJOL) T cdiametel klliu'l\ lhu t’D!UliQ[-] IL | * _——_‘ | ._{{ :._ . :
\ | 1 .

| 44 4 ‘.‘Td{

Ill"'la [FIT.Wh |

SUTE Challgs

1L '.lh il \ll.l Il;“_'\

ds

d> 0.2 and f\j A




190  Air duct design

The regain of static pressurc 15 o
SR = Ps3 =+ Padi

_ 65— 48Pa
— ]17Pa

g

S

EXAMPLE 72

r 7Dm/ﬂm<l400mm
Calculate the total pressure of air flowing at 0.

e static pressure in tha a. o
duct when the air temperatures is 1829C d.b: and th p n tl:; '!

essure of 101 560 Pa. Also calg lu
/8 e above the atmoqphcnc pr
:glmr:slf:e%zﬁegn the air is at =3 C and 30°C during winter and summer@

not used for this e}(ample ..ﬁm 1) n._n-'f
of the air conditioning system. A worksheet 15

The atmospheric pressurc within the duct:

| | e P | .‘;f:'.,._k : =\
= 0807 x40 sun Bl ' of 101 325Pa through clean galvv«' 24 sheebs
— 3923 Pa g accordance with good practice 1s g,ven _.T
R 92.3 0: |
Pa = 101 560 + 3!
— 101952.3Pa A 42 |
ore decimal parts of pascal PresSufes, = 392Paqy | (CIBSE 1986c, adapted for fluid propam;ﬂ;: stated; Chaddertor
i | where Q = air flow rate (m’/s); dp = oss rate (Pa/r
[ 1906 GNP 273 + 20 kg i | internal diameter (m).
-~ X = R - |
1306 % 701325~ 273 EANEY .
101952 273 +20 kg . | EXAMPLE 7.3

0 = —2.0278 x.dpl > xd ].g i e

It is reasonable to 1gn

101325 273+ 18 m - | | A 700 mm internal diameter galvanized st
. | and has a design pressure loss rate of m Pa/m
flow rate that can be passed and the air ve ty.
example. IS

d =0.70m
dp = 0.8 Pa/m

0

total pressure p, = ps + Pv .2932m’ /s

pr =392+ 22Pa f 4 -
=414 Pa g i -2atts

= 7.62m/s ‘

When the air is at —5 °C but Q remains at 0.75 m’/s:
101952 : 273 + 20 kg -
101325~ 273 + —5 m’ b BT LR

= 1.3097kg/m’ b Find a suitable diameter for a , d sheet steel du
v=7597m/s L - 8 at 20‘?C d.b. ata mm:n, ocity m/s when |

p, = 0.5 x 1.3097 x 5.972 Pa
= 23 Pa

p = 1.1906 x




(S0
A0 erative procedure 1s needed; tr) L

y
atr tlow ¢/ HDSm’'/8

A T
L1 m 3.2 /8

l“l al

g |
| N = 0.AM /h
L hiis 18 aver the hmat. 1 d () 4m al L

Y L OB m /8

. d that the Irictiong ho
\ 400 mm diameter duet will be used, “HHHIH 06 Pa/m and % DILSSUIE log
rate does not exceed dp 0.6 Fa/m {aer @ | lt | ( 0.4 i Nl [ll'}
- ng capacily, irrespects Y e
duet formula and caleulate the maximum earrying tep Y, ITTESPective qf |imilL

ng velootty

-_—

(4 08 x 107 | 2,933 x 1095
0278 () “"’ ' ¥ () 1 . |l":'( “ -l “(.,'l'l :ﬂhw>

actual pressure l0ss rate will be [RaS th
hap

This 1s greater than n.quliul sO Lhe

06 Pa'm. around U4 Ha/ m

VARIATIONS OF PRESSURE ALONG A DUCT
= aradients are produced along the length of a duct, as shown in Fig, 11

E: caused ;!km‘_-_'_ Lh¢ gmlxl_l'lil-ut&;lll"lﬁ[.k‘l duct 1s calculated fr()m [hﬂ
due 1o Irnction | he ‘L—'"~'-L|-‘-!l"l-'” (.I“l‘\l--‘“i] of the total and stafic
Friction L0Sses call be calculated as total or static Pressure

Pressure di \'\I:_‘hx will be treated as reductions 1n the ay ailable total PIEssure,
0SS Ol PIesSsulc through surface Iriction and additional

the shape ol the enclosure. Such 10sses are found from

uire the use ol uniquc lactors that are Fl“!_.l.ll[i,p“t'fd b}’ the
. for commonly used duct tungs are given in Figs 7.14

radient diagram sinular to Fig. /.1, draw the ductwork
we a graph as shown. Clearly mark each point where 2
lace, and 1dent LY each with a number These [)Oillts At
d for the worksheet pressure analysis and for finding the

method 1s common to all duct-sizing programs. The

10D DCLWELSD | and 2 1n t he Sti :;ughl duct, dp;l—.?- N
| =, | : ‘)
pressure drop due to friction between nodes | and
O Iind the total pressure at point . ) P2 Pa.
; SLI A

:jll : IrH.;—- LT O _.“"-Jl_i LO .UL’ 7
pressure loss factor for the duct fitting, k, from FIgs &

jculatio?

re 1o be used for the frictional resistance ¢
uct, P

s case, 1l 1s the velocity pressure in the smaller d

Variations of pressure along a duct 193

Multiply the fitting k factor by the velocity pressure p,s to calculate the
pressure drop through the fitting, dp;_s.

Subtract pressure drop dp;-3 from the total pressure py to find the total
pressure at 3, p;.

Plot pi3 and connect the total pressure straight line from pys.

Calculate the pressure drop between 3 and 4 in the straight duct, dp: «.
Subtract dpsy_4 from py to find the total pressure at point 4, pys Pa.

Draw the total pressure straight line from py; to py.

Calculate the velocity pressure at 1, py; Pa. Note that py, 1s equal to p.
because the velocity remains constant along a uniform-diameter duct.
Subtract py; from both p; and p;. The differences are the static pressures at |
and 2, ps; and ps).

Plot p,; and ps», and connect them with a straight line.

Subtract py3 from pi3 and find static pressure at 3, pg.

Draw a straight line from pg 10 pss.

Subtract py3 from p and find py. Note that py3 equals pyq.

Draw a straight line from pg3 (0 pss.

20. Mark the upper gradient as the total pressure line.

21. Mark the lower line as the gradient of static pressure.

)2 Mark the differences between the two gradients as velocity pressures.

23. Identify each of the corresponding points of the duct diagram and the graph.
24. Mark on the graph all the calculated pressures.

This procedure applies to other air duct cases and to the changes of pressure
across a fan.

Notice that for this increase in diameter of the duct, the static pressure rises.
This is because the velocity pressure has reduced. The available total pressure
has fallen because of friction losses. Such a regain of static pressure depends on the
amount of frictional pressure drop that occurs. Static regain can also take place
1t branches because of a reduction in the air flow quantity and velocity. Excess
static pressure in branch ducts can be absorbed by reducing the duct diameter,
provided that the velocity limit is not exceeded, or by partial closure of a
balancing damper. The worksheet shows a warning when there IS eXcessive static
pressure at a branch duct outlet. The user then enters new data until a satisfactory
system balance is produced. This forces the user to understand the procedure of
designing a correctly balanced air duct network. High-cost software will make
such iterations automatically, leaving the designer unaware of how the design was
balanced.

EXAMPLE 75

-
b

Air is blown at 2.5m’/s into a 35m long 700 mm diameter duct, which reduces to
500 mm diameter and remains at 500 mm for 22 m. The air 1s discharged into a room
that is at atmospheric pressure. The air total pressure at the commencement of the_
700 mm duct is 192 Pa above the atmospheric pressure. The reducer 15 the 30
concentric type. The air density 1s 1.23 kg'mj”. The frictional pressure loss rates are
0.6 Pa/m 1n the 700 mm diameter duct and 3.2 Pa/m in the 500 mm diameter duct.
Calculate the air pressures in the duct system and draw them on a graph. Enter the
data into a copy of file DUCTFIT. WK and save it as file DUCT




drop through reducer:
= factor X py3
— 0.02 x 99 Pa

—

—

9 Plot total pressure line 2 to 3.
10 Pressure drop through 500 mm duct:
p3_4 = 22m x 3.2Pa/m

— 70 Pa

pi3 — dp3—4
= 169 — 70 Pa
99 Pa
12. Draw total pressure line 3 to 4.

" Y &’ -
L5 i Lo

| 6.5m/s
Velocity 035 % 1.23 x 6.5° Pa
Dressure

~ ¢ T
B 26 Pa

¢ Da
L o

= 145 Pa
Plot static pressures 1 and 2, and join them with a line.
Ds3 = P13 — Pv3
— 169 — 99 Pa
- 70 Pa
v static pressure line from 2 to 3.
numbers histed: 13. Psa = P14 — P4

This 1s atmospheric pressure.
19. Draw static pressure line from 3 to 4.
20-24. Figure 7.2 shows these answers plotted 10 scale.

PRESSURE CHANGES AT A FAN

The fan produces a rise of total pressure i the whole system. This rise 1s the fan

total pressure, FTP Pa. The fan total pressure rise i1s equal to the drop of total
pressure due to friction in the ductwork system plus the increase of air \M
pressure that has been eenerated by the fan. The fan total pressure 1s calculated
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e delingd as LG Vi ) Uure 1 the dlECh
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0 Duct exat:
II'\ y 1“|
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| e fan air vo lume flow at
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BOINe alic Drcssu.

v the same as the change in st |
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S —
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| \ fter the heater coil:

Q‘.-'l — :BTT\H;JS

F1g. 7.3 supplies 3m?/s of ayp

PR L — (¢ 9R6C)
e circular equivalent of the rectangular plant duct is found from (CIBSE, 19¢
diameter Ol 550 mm. (:)UldOl)l' air a Neg ClIC 11 ©
rOOIm 1S d\t ¢ Lmospheric Pressure. Tht;“

)N H93

_ .102
| _ | (WD |
coil 12 \, and discharge erille 45 P %

d» = 1.2635 \ —
| i | H’ -+ DJ
- estiimated to be 0.1 Pa/m. Calculate 1
y a copy of the file DUCT1. WK apg

mm

0 2

%

UCTL.WK [(1200 % 1200Y’
e used are snown in F1g‘ T 1.2 1200 + | 200

mm

sw node | 1V)

Kg

1906
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e — !

Healer Discharge
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gl 1'ow 1an and ':D‘li IOUV
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Pressure changes at @ fan 199
05 %1151 x 2.19° Pa

iy = —17 — 450 Pa
2.8 Pa = —467 Pa
Pa

| | 1 = —467 — 2.5 Pa
dpy.» = kp,» + L m x dp
Iml

= —470 Pa
= 6.7x25+3x0.1Pa £ T e i
ok — —468 Pa
s o0 ¥ _ 468 — 2.5Pa
= —47] Pa
— —468 — 3.4Pa
= —471 Pa
—471 — 84.3 Pa
—555Pa
pu1 + fan total pressure rise Pa
—471 + 691 Pa
— 47 2 Pa 220 Pa

dpi_o = 4 x 0.1 Pa
= (.4 Pa
dpyo—11 = kpvi Pa
- 0.04 x 84.3 Pa
3.4 Pa
dpi1-12 = kpyi1 Pa
— (.56 x 84.3 Pa

" ) 220 — 84.3 Pa
s = duct + heater coil 4+ grille
p g y 136 Pa
(70,5 i 5 5 p | : 220 - 47 2P
105+ 1 x 2.5Pa |
A = 173 Pa
1 /3 Pa
(73 =2 . 3Pa

i o o
arop ol 1;

total pressure, dpy_4 =17 +450+ 04+ 3.4+ 472+ 173P; = 171 ka4
= 691 Pa 173 — 2 x 0.1 Pa

73 Pa
pvao = pvz = 2.5Pa e i e
Poi =P = 2.3Pa 71 Pa
fan total pressure rise, FTP =691 + 2.5 — 2.5Pa ' pus = 173 — 125 Pa

!

Ptl3 -
fan total pressure rise, F1P = dp;_10 + pvag — pv) Pa |

| | 48 Pa
— 691 Pa | 3
fan velocity pressure, FVP = p,, I

D14 = 48 — 2.5 Pa
— 45 Pe
— 84 Pa 4> Pa

’ | g, Bl : _ orille dn — discharee k X Dt
fan static pressure, FSP = 691 — 84 Pa P10 = P14 duct dpjs—15 — gnlle dp — discharge kK X pyis

07 P =48 -3 x0.1 —45-28Pa
= 607 Pa ¥
pu = 0 Pa, atmospheric pressure ) e

ps1 = 0Pa, atmospheric pressure This is the pressure in the room due to the fan. <12
Py = p dp,_, Pa ' Also. as the air velocity leaving the discharge grille has reduced to zero within
ILZ — /Mt — P12 K
e E | the room:
=0 — 17Pa

= ~]7Pa

Psa0 = P40

= (0 Pa

This example is typical of other cases where there arc fCﬁer nOdFS in th::dl du:.:;
work system than are available on the worksheet. The user 15 required to edit the
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Pf@b‘lk‘ﬂ’l O Bt the w Ul“‘\\hg‘ﬁl ynd SSLUIC that the W OTE_&‘_Sh'«;‘t'l has the ['Ele
. L ; ‘J

an DUCTWORK SYSTEM DESIGN

Nn ‘-d.

] h‘:-; \r\lH 1IN\ L‘k\‘k‘ ren untﬂpc(.”]i LOIME '-:l- ‘.__11\_- ;u_wix_'~*;'~ 10 th x—:\dlﬂp[e Llnd lgn(}
of the facilities of the workshee . fan is located between no -
ctiiies of NS Wi Kshneet RRE Em T node numbl‘:%%omt

The worksheet can be used for vanous applications. Each application. worked
' example and question requires that the ductwork system is identified with node
Tothy num‘bers. known air flow rates, gnd 2 limiting air velocity for each duct section.
Typical velocity limits are given 1n Table 7.1.

- i\
1

L!K\‘.‘d lb\h\ rf‘Tlglli‘ ‘:‘ Uﬂf\ A “: \j ‘\I"lhr“ 'ﬁ.d 'IJI] “_h\'_ ~.,IJE'|\“_‘?hCC[. Th]b llb because the tw S {hal
' tQ

T, o,
for calculating the total pressul

b

o at the fan QU et is not the same as thoge ¢ M
wchons of duct The user can change the (aD location pf@‘ﬂdkd thd[ thﬁ‘ f

! : . s :* _ - y R 'y . : L £ . 0
are also changed. It may D¢ SUD pler to 1€AVE the formulae where they U

. . c b o duct ; . dr
on the drs wing Ol L heE dUl.[\-‘vO[k to suit the Wa ¢ dng

change the node number | L | I ~ -
ge the node numoTes rkshee Table 7.1 Limiting air velocities in ducts for low-velocity system design
el i :

i 1 | ! s T ~cedure For ente -
Fhis is the recommended method. LDE | ocedure [or €nterng Example

o TE: o |
- as follows. 6 Ity Application Main duct 1 Branch duct v

» worksheet file DUCTT 6. WK

I —-_—_———.n._.———_.—

Hospital. concert hall. library, sound studio 5.0 33
= ) e —~ - ~

umbers. p Cinema, restaurant, hall 1.5 5.0
Describe each duct sectiolb n column D General office, dance hall. shop, exhibition hall 9.0 6.0

Enter 5°C into cells C30. €% cs2. €59, €60, C68 and C69. Factory, workshop, caneeh 12.5 1.3

—

= S i i i e E o
| e NOdJcC numoers 10

T

A7

o cells €70, €7 and C47. The other temperature cells are
| 0l

> g -

Enter 53U

reeded i | ~xample. and their alues need not be changed. | 'S - &
veeded m this exampit and Lk > The user 1S required to enter 4 duct pressure drop rate that produces the least

E~ter the duct lengths 1ntlo ~lnwmn E. Make sure that zero length 15 a : - - - -

Enter the duct lengths ML == (umn S length 18 1n the cgy; -rror between the maximurn flow capacity of the duct and the design air flow. This

: L R e =, ,\Iu | 1 ; ﬁ . \ l‘._I_l L‘1_ ) | d - ) ) - P .

vhere there should not b€ 457 - 2 ke | s done iteratively, and can produce a <atisfactory result quickly. The user selects
5°C is found [rom the known value at 30° : (e - - | _ |

Al S I KTC alue at 30°C p the appropmnale dimensions foOT circular and rectangular ducts. These are normally

vhe ratio of the 1bsolute tempera MUres: PSS O
rhe ratio Ol [ in Increments of 50 mm.

YT
|

te the fan total pressure for the supply air duct system shown in Fig. 7.4. The
»n air flow is 1 m’/s with the air at 20°C d b. and 101 325 Pa. The heating and
are in place, but they are not operational. The fresh air intake louvre has
area. and it is backed with wire mesh. The plant pressure drops are: filter
| | | -+ 100 Pa, cooler 100 Pa. and discharge diffuser 75 Pa. The limiting air
only the numoer and not the units) mto cells F50, F3l, FiZ, selocities are: intake and discharge grilles ) 5m/s, plant 2.5 m/s, and distribution

6% and F6Y etwork S m/s. Duct and plant dimensions are available In inc
| The limiting air velocities arc 10t to be exceeded. Find the smallest sizes of duct that
can be achieved within the lmmits. Use only the dimensions and duct construction
shown: do not add contractions Or enlargements ON the connections 1O the fan or

s mto cells E70. £71 and F110.

nressure 1oss factor

I

.t have zero duct length and Zero fittings veloCity

VAV TP arate 7870 D AQQ] - s " that ~+ cactioy | : : - : ) 1 - n P - : |} &

VaVS :___T:_\__ruu‘, ZETO DIESSUIC dr 0p 1N that duct seClio1l. other 1tems 10 the systeml. Investigalc the effects of realistic winter and summer
/s for the maximum air velocity 1o the sections of plant duct and | | operating conditions on the fan total pressure.

r the fan. Other values may 0O€ rried after the frst complete calcula-

-

The original file DUCT1. WK1 shows the data and solution for this example.
The air temperature remains at 20°C throughout the system. Winter and summer
S L g ] air intake temperatures can fe o m —35°C to 40 °C. Operation of the heatin
. he duct sizes and pressure drop rate arc known. <3 | rdn ’ g plr [QHLS 3 dn - ﬂio _ * }z will range from 30;(g:
= +er 1700 mm for both the widt R i . f . : ~ooling cous W Juce supply air temperatures t at will range
Enter 700 mm for both the width and depth of the plant ducts D columﬂSN ;n _LOO Ing u:_)y S W ‘pro uce supply air [émper Fur_ S e e |

od O . * . winter to 15°C during summer. The nodes in F1g. 7 4 comncide with those in the

— N s

= er 500mm for both the width and deptt ¢ the fam dB ot cOnNE original file. This leaves a gap between the end of the ductwork at no
JEIL 1 AN : e - | _.. | . | " -
| . gy . of next duct point at node 40. The user may alter
application or leave them as shown. The duct fitting velocity pressure loss factors

arc.

—
ki

- D . E =
=r (.1 Pa/m for the plant duct pressure drop rate.

T == O

ore the O error n column K. likely duct diameter in column L and velocity

n column M. as

|'-",’
L —
-—
——

fus produces the correct circular equivalent diame!

ssure loss factors

fresh air intake louvre 0.5 free area, k = 4.5;
FOier the Jiamt DrcSsurc e - e | "1TE : — -
i A sure drops mn cell range V30 to V110. wire mesh, k = 1.7,
. ~atiLl A - - m['a -y 7 . - 1 _ t , : A1 mn ' = P -
Y ntry. and the results can be comp resh air intake duct entry, K 0.5;
-aicuiated solullon. fAat blade damper, k = 0.3;




V) = 40 m
nd; S
4%x]1 m
™% 07162 s
2.5m/s

The air velocity pressure i1s

pv2 = 0.5pv; Pa
= 0.5 % 1.1906 x 2.5* Pa
— 3.7Pa

The overall velocity pressure loss factor for the outside air inlet louvre is

kK=0.95+45+F%7%
=)

- ; N g _— . "
~ The pressure drop through the outside air intake louvre 1s

® — Celling | — 6.7 x 3.7Pa

— 24 6 Pa

Ir L3
I} 1 Niacharge diffusel
( |

Y Not to scale Pressure drop through the damper 1s

dpsi_4 = kp\3 Pa
= 0.9 x3.7Pa
— 1.8 Pa

vk for Example /i,

sy tald \ill\.!“—\ .

. o1
‘h no turning vanes, A gt

1L il
the duct 1O (he dischar
» been determined because Lthe

o oc diffuser; this will not be known | A pressure drop rate of 0.1 Pa/m of straight duct is appropriate, because 1t
: area ratio between the two | produces an air flow rate of

L ]
'11, }‘-_'L‘-.\ qul\L

) = —2.0278 x dp’®> Xid Zbl 4.05 x 1073 +2.933 x 1
0=-2. x dp’> x d*° x log : e
J I ‘ . 2 4.05 x 1073 7933 x 10~
. 650 mm cross-section will have an equivé- '; _ 0278 x 0 120 0.716>> X 10g( 0.716 ¥ 0.1%35 % 0.7161-5)

wahing pl.llll ol 650 mm >

213

- diameter of | -
| 1.023m" /s

)
| "_I 0.2

| (wp)
W+ D

- at 20°C d.b. and 101325 Pa atmospheric pressure Is |, 1906

mim The duct pressure drop is

V.2

(650 x 650)° |
650 + 650

= .26 X

-

= /16 mm

~(0.716m 2 :

- ' The total length of duct from the fan outlet to the discharg
velocity produced 1s from | B
L=8+12+15+2m

= 37m




2“4 f'lH’ chu I J-’t',wl’!l

alocity pis ssure loss '\“L“ o , .
l | ] l ! l |'|, AU 11 AAL "|“ \ [' I l”l I uetwork tVelem dtt.!fﬂ 2““
e three nmutre DENUs At o

Enlargement k = kk,

= .36 »
o duct 18

( the dist) |

= ().36
Hl\‘ t"‘l!'l't"t 1,&‘:,1 t||.lllh"'ln"| (

{).5

Add the velocily pressure loss factor for tl Y
| | | & | Add th locily pressure loss factor for the exit from the duct ar
- _ | | . ne . and t) ,
(e : ) mim hecomes d the overall
j — 1000 ( " U

() 5

| | k=14+0.736
| 1 i : ) mim | = 1.3
1 ()00 ( ‘ f ST |

| Pressure drop through the discharge diffuser at the design air flow rate is 25 Pa
505 !

|

|

I"l_li_i_ng (/{?1,34_-_11'1 = 138 R 3 T* 25 Pa

| cate of 0.48 Pa/in i) the ducl between nodes 12 and 3§ Prog
A pressure drop rat | gy

| = )+ 25 Pa
|
I

; = 3V Pl
4,8 x 1077 2.933 x 1= |
- - F — | The overall drop of pressure thre he duct and air-l it . , -
|“F,( L ; *IH‘W) _? 'he overall drop of pressure through the duct and air-handling plant System is

dp| _40 = Ldpy_4p Pa

an mir How rate (1
() y 137 % 0.48"" x 0.303

(0943 m /s 2464+ 184+034+2504 10041004178 +488 + 5+ I5Pa

« an eauivalent diamet _
A 500 mim = 450 mm e (angular duct has an €q lameter of 573 Pa

= (] 2

(500 x 450) | The fan total pressure rise 18
- iriir |

500 4 450

FTP = dpy_40 + pvao — Py

- 5734 3.7 —-3.7P4
= 3713E8

The fan velocity pressure FVP is, as far as we know in this case, pyj; Pa:

FVP = 13FP8

FSP = FTP — FVPPa

573 — 13 Pa
— 560 Pa

|,/ m/s

iz = 0.5 x 1.1906 x 4.7 Pa
3.2 P
[he dhistribution duct pressure drop 18
Pa Check the data on a working copy of file DUCT1. WK1, and save it as file name
duct dpy3-3p = U.48 e DUCT7%7.WK1 to represent Example 7.7. Make whatever Fhang& seem appro-
{7 8 Pa priate to validate the answers given. There will be otl.mr possihle soh‘mons..ll mayl
i be possible to reduce the fan total pressure by selecting other duct sizes. Find out
II'IIJI}—"f/,"II 1= 3.7 x 13 Pa what hg_ppens when the winter and summer alr tempemlures are used fm_ the
relevant sections of ductwork. (In summer the fan total pressure becomes 572 Pa,
Lhe duct enlarges to the siame dimensiones ac the nlant 650 mm X 650mm 10 and in \k"lnfﬁ‘l' fai ?74‘)‘&?‘lhE_dEHEI:EnCES E:re ,‘n'mdglgl:'l::l[;:“) that has up to five
aluss tha alr valaaity i 3 IISIVLLS 48 plant, 0JvU LALE The worksheet is arranged Iqr a supply air auc Sviem S g
3 branch ducts. The user may decide to alter the worksheet to suit an r:_?xlratl uct
syvstem with five branches. The contents of line numbers 60 and 67, which relate lo
rupt enlargerment the fan data, need to be moved dowp the \.vorksﬁheel l:ll]lil the correct number of
suction and discharge branches are either side of the fan. _ il
When a supply and extract duct system is to be analysed. enter thle Sl{ﬁ? y:ill;
A3 650 % 650 duct system onto the worksheet and make a paper record Qf the "-'_’l’_i‘i entl:i' e
(0 A ‘ nelude the room air pressure and the grille from the outside air. 4 € ,
AR tuta Sas sxttact air duct systein é d[anfromthemomwtlleenhauslahsﬁnl N
5 geqdul data for the extract ai duu'syslem and fan fro e ala & sopatele flecepy
multiplied by the factor for @ 40° & . This will overwrite the previous data. which will be o

& O 1)
- 'r'_l (| -

| 1T/8 prior Lo connection to the diffuser.

f'- 1 /";I "8 I'pr[;,r,_-

ifﬂ' 471 A

A 450 » 45()

"J Ji ~iH"l I.ll.l‘i. 5

i -
|
- o

-




- the extract system wylj b(?

wpply system. The results Ogp Owiput data 207
k . & | . Enter the starting total pressure p, Pa for sode 1 .
vidth x depth. Note th | ~ normally be atmospheric pressure. 0 Pa gAuSE prese: m cell XSO0 This will
result when these dj | X 18. Each line is self-contained |
entered.

Niftercal

‘.“\El.j{\.:l} 5\'4..“\-‘& LISErsS bh()U]d
1y ..u..s,.‘-ahl._‘.l'.!h_i !.hc \,-\--Ul'kgheet-

and fittings velocity pressure loss f

row. Check that zero pressure drop is displayed for tha

Sa_wc [he spreadsheet into a unique filename such as EX003. This

original worksheet for future use '

?;ch the supply air outlet for the main duct route at node number 40 at line
Enter the data for branches A

[f the onginal worksheet does

screen to make more. Edit the new rows to ¢nsure that the correct cell
references and formulae are maintained. New users should be careful when
making such changes (to a copy of the original file).

OQUTPUT DATA

odes on a schemalic layout of the ductwork using
e

QLB T'he current date is given in cell B7.

I'he current time is given in cell BS.

T'he air density for the temperature and pressure 1s stated in cells C14 and C15
L'he air density given in cell D30 is that to be used in line number 50.

The first estimate of duct diameter is aven mn cell 150.

6. The maximum carrying capacity of the estimated duct diameter is aven in cell
0 cell H50, and subseque 150,

IWWIMPOETS 10 coliumn A of the WOI’kShEEt dree

he ductwork. There will be occasions whep Vol
1Qde numoers O SlUl 1: “l\, ., 1d w’lﬂg .

;|

4.0. 1o celd CHU, duct les gtn L. mn cell ESO* all
NdXIMMum air "..‘if;:u'i;; - m/S 1 cell GSO, and (he

T'he difference between the design air flow and the maximum carrying capa-
city of the duct 1s expressed as a percentage of the design flow in cell K50, This
percentage 1s to be minimized by changing the maximum pressure drop rate
cell H50 until either zero error has been achieved. or as small an error as
a5 ) error % 1n cell K50. If this is mor possible 1s obtained while using only two decimal places for the pressure drop.
naximum dp Pa/m in cell HSO until clos An error of less than £1% is normally achievable. An error of +5% should not
75¢ Only the first two decimal places for pressurediof be exceeded. . | .
s sutliciently accurate ’ 8. The air velocity that will be produced in the likely duct diameter from cell L5
Haileter using increments of 50 mm in cell L50: 5 ShO\‘»n iy M:SO_ - ed in cel () and O30
i€ rectangular duct to be used in millimetres in cell . The equivalent dl;{meler of the rectangular duct selected mn cells NSO an |
quivailenti dlaimeier and ,;;;LL‘..[U-&il air ve]ociiY _BIC | 3 shown }D LGH P:"U | e o4 bt = ﬂ 50
d Q50. Change the duct dimensions untild satisfac- 10. he air velocity of the du;t :sﬂectgd IS bhO‘ffIl in cell Q30.
W 8 v I | he air velocity pressure 1s gven in cell RS0
[he air pressure drop through the straight duet is gwen-in@ﬂ T30.
3. The air pressure drop through the duct fittings is "IlﬂUﬂ
L 4. The frictional resistance of the section of duct 1S g'l-ﬂd e
ung? ' he total air pressure at the commencement of m e
he total air pressure at the end of the duct is B
e static air pressure at the commencement Of the GUC |

ipacity are displayed

Capacity and the required

14l the duct dimensions being selected il

+“FUCal part of the Lafﬁ’ﬂg!'!-

» dIsplayed 1n cetl RS0

ressure loss factors k for all the fit

A

o

-

e . r
tColumn in cetl VSO




| of the duct 1S glven 1n ¢ 11 ARs
S ‘ﬂL \ ;\CDO f ) ' ’,.}:-. 2= M
‘1.-.-:4.u.d in cell oMk cell *»“"“_-

$ 3 !‘I ” %
Y .‘._‘." ' ..!I ."..- [r‘ 4 . '::.
. JASTISITY. aye==uley
\ o Rt "“*""F"‘ﬂ l: 4 o +
R “# [\_ AT }
s ¥ 'l

" 11906 —= x ——= "=
~f the duct section a RS - |
o Whﬁre b bM@ lqi. r“lﬁbﬁ hr-ﬁg,w,';. l,,a Cand 1 -
8 i e
ed for each line of duct sec m 1 r______-_—," ia

> main run of ductwork be

l [t is not necessary (o read this,
— . :-l-n Ny | |
| m"'h -ach section of duct 1s di blaye b
> ducl roulc from nodes | to 4 1 11906 293 3 b 3 TR -:J-k;:,{_;_jﬂ;
worksheet. The tandard atmospheric pressure is taken f

G would normally be common to all the
irop thr a2 branch duct 1s less th |

&} -emen m lhe branch, the excess pressure
ressure drop that 1s needed &

= b ) | 15
L L "4 saadt Ld

e e b
- o B o = # -
2 31 F 3N T-i"‘h‘\ij- L_n'\. b
- f L_— A N S

.~ remove the exXcess air pressure:
‘he duct route that has the highestig
oute. The word ‘index’ 1s displayed. -.
» through the index duct route IS g1ven in cel
es is given 1n Lfll F240. &

LG

Cell I50 R
1000* @SQRT(F50%4/G50/@ Wi
Finds the duct diameter to cas design air flow

S g@Iven 1 L@” Eﬂ'-lﬁ
l'. cll 110 C n E 4 | _ - _]
{ s
he air volume flow rate t gh the fan 1s given in cell E24§ Gso)
[he air temperature at the 1 1s @iven 1n cell E249.
The arr -.:Lf*@:*:j___ at the fan 1s given mn cell E250. T
does not exceed Snafs
-~ - -

f\.
o

i

' )

5 iafiulat-f;rj hi ey - |
[his density is for reference @




b_;rp_lﬁj,‘-]r”, prﬁbbur{f Or 10] .

1ucts having joints made ; 3‘25m ._ Cell K50

A UL n b

g, (F50—]50)* 100/F50

S

2.933 x 105

Calculates the percentage e | | |
1005 » J1.5 s . P & g* | - dESIgn air flow o ms-ii and the
dp®S x gis | maximum carrying capacity of the du s _——
— ying capacity of the duct O, m’/s at the current air pressure
rale_cip/! Pa/m. The user enters new values for the duct air pressure dr ! m~ R
minimize the error. When the user is satisfied with the error, the cme:;p value . :’

air pressure drop rate is used to calculate the air
| pressure dr long the straight
ducts. T

3+ 2.933 X 10=3"%
{. HSU)UQ"H\\ CIror = Q = Ql x 100%

X ([50-}15

F50 — J50
b= x 100%

K5
~—— F50

oot and Al velocity 1n a 35( : \
pacity and air velocity 1n 2 330mm didtgt Cell M50
when the pressure loss rate 18 0.85 Pa/m il ~

+F50*4/@P1/(L50/1000)"2

e |

Calculates the air velocity that will be produced for the duct diameter shown n cell
1.50. '
m” 4

air velocity v = Q — X =
s wd*m*

M50 = F50 — X — X (1000 s
S LS50 /) m~

"1'-[

Cell P50

| 265*((N50*050)3/(N50+050))"02

Calculates the equivalent circular diameter of the rectangular duct selected 1n cells
N 50 and Q50 for equal volume, pressure drop rate and surface roughness (CIBSE,
1986¢).

02

| ¥, e

h ab) !

_ | o | d = 1265 % mim
steel duct 1s carrying air at 20°C d.b.al ' a+b

Calculate the air volume flow rate being

where a = duct width (mm); & = duct depth (mm); and d = equivalent duct
diameter (mm).

0‘!

(NS0 x 050)°

= . mim
L N50 + 050

P50 = 1.265 X

-

Cell Q50
+F50*4/@P/(P50/1000)"2

Calculates the air velocity 1o the circular equival
selected.




212 dir duct desien

air veloeity

NSO

\

—

S

EXAMPLE 71l

feel an Juct 1S 1O carry j*) x B

L wide and 600 mim deep galvant ed st Y 2200 /5 of aiva

A 700 mm wide and 600 mn 1 at a pressure 10ss rate | A
0 °C' d b at a maximum veloeity of BT \na s -

: | he duct. the a
| " ' 1 vient ol imelc Ol Ih‘ ARRL |11
072 Pa/in. Calculate the egqumva

| ™ :
error between the design an fTow ane

| ) =22m’/s
desion anr How v B _

' fuct 18
| (I e Omm GOO mm auct 1
I he l‘1|l_||\:||t"l11 diameter of a /vl

mi

1 1mm

Fhe air velocity in the duct 18

| he MMAXIMuMm an-carnyma l_JI‘.’h'H.‘\ 1‘1( i .-l 1 M kh:_”ﬂ'l_'it”! t"»i Lct at a preqsure drop
rate of U722 Pa/m 15

i '
m l llﬁ"]”’ I'hl}‘“‘* | S

camnmy y 1)
r I.-[,"! 1 "‘1 Ih. ]H!l -

)/ | . .; [h]S
1% less than its maximum capacity

a1 (1l sa
TESUIL A pressure drop rate of 0.43 Pa/m P'Oducc

'I". i) !l|1'

maximum carrying capacity of 2.22

Formulae 213

czom s and an error of -0

_ - _ . this 1s as close as
can |_"\_‘ found irom an ACCUracy ol Two d!‘.‘.'(”“ﬂ’i p‘a\:\:'ﬁ,

Py 1 3 Yara
Cell R50

05*D50*Q50*Q50

The air velocity pressure p. Pa 15 given by
3 P\ £

F~ —— ” ;_':"f.*'tT Pd
R50 =105 x D50 x Q50
D50 density kg/m’

Q50 velocity m/s

Air pressure drop dp; Pa in the straight duct length 1s
. Pa
dpy = dp— x L m
' m

- __Pa S
150 = By x ESOm
m

\ir pressure drop through the duct fittings dp; Pa 1s

(n'ff": = ]\'P\ Pa
RS9 = S50 x RS0 Pa

+T50+US50+VE0

The sum of the duct pressure drop dp;, duct [ithings resistance dp> and the plant
pressure drop dp; for that section of duct 1s

dp = dp, + dp> + dp; Pa
W30 = TS50 + US0 + V30 Pa

Cell ;\FSJ
+Y 50

The total air pressure at the commencement of the duct m‘z -~
sero for node 1. Node 2 has a total pressure that 18 eqﬂto::‘ — a —
the end of section 1. The content of the previous duct end total pressure o

nto cell X351, :




Pui = lotal pressure at fan inlet Pa
FTP

lan total pressure rise Pa

loss of total pressure through the
FI_E - !)“ _i'*" FT'[J Pa

Y60 = X60 + D240 P4

ductwork d, Pa

Cell Y110
+X110-W110+R110

-+ af the dugct section, ps 'a, 18 either:
LelA & O ;

| he total pressure of the air that is discharged from
at the end of the duct route into the air conditioned
ic gy | the lolal pressure at the final duct node minus
and minus one velocity pressure.

the air outlet grlle or diffuser
Or venuilated space is equal to
the pressure drop through the grille

he | discharge of air from a duct Th-Th'Ere(:S one velocity pressure loss factor for the
L alk c m a duct. IS produces a fj | | : |
¢ > @ Inal total pressure of |

Zero In the

ventilated space; this is not correct, because the discharge air velocit SUTE |
produced by the total pressure. It is the final static air pressure tha); ?sre;:urc g
whatever is held within the ventilated space. The final total air pressurer?l;uzi
L_:'-cuuam the discharge air velocity and zero. or other value, static pressure. The
tinal velocity pressure is added back into the total pressure because it was iaken
out by the velocity pressure loss factor.

n (he duct system and 1s at almosp}
er

LA PUE Up Lu + 50 Pa tlk..l_’h;lll'i_“ﬂg L]p()n h()\!,l
__ HOWw

( the end ol the preceding section of dugt

P2 =Pa c-!p-l-_'-‘ + pv2 Pa
Y110 = X110 — W110+ R110Pa

EXAMPLE 712

I'he total pressure at node | in a duct system is 235 Pa above the atmosphene air
pressure. I'he duct 1s 25 m long, 600 mm in diameter, and carries 1400 /s of air at a
density of 1.2 l{gfm} - T'he air pressure loss rate through the straight duct 1s 0.5 Pa/m.
and the duct fittings have a combined velocity pressure loss factor of 3.6. The duct
has an air filter and a heating coil, which have a combined resistance to air flow of
125 Pa. Calculate the total and static air pressures at the end of the duct.

AC UUCL SCCLIOI

The air velocity in the duct 1s

= Pa
« 1.2 x 4.95° Pa

)|
¢ fan py 18 the ‘otal press¥

'
! i 1 l ‘—)




i dy 1 duct hitngs
| | |I=-illc

_FI_)H ‘ I‘..I
'y D j.--,..ll“

¥’
l-'l I il

¢ ducl
| (O1dl PIEas k! tl.nuu.;[i (11C |

)
(duct -+ niimngs - plant) Fa

4 4 123 I

1 l.vlkl

FEnliation duct system has three nodes. Node 1 1s within the duct system,
b belore node 2, which 1s at the entry into a discharge air diffuser. The
LS [aintained al almospheric ati pressure. Node 3 1s in the ventilated
JUEUSET. 1 he (olal Préssure al node | i the duct sysiem is 115Pa
WYREHELIC 4l pressure Ihe duct has pressure losses that amount {0

L dld 2. L he air velocity at node | S 6 m/s and that at l]OdﬁziS

Ure 10ss tactor for the discharge of air from the end of lhlt*

o fas a resistance of 30 Pa. The air velocity in the room s

=X Calculate the total and static air pressures at (he

iy r.1=._¢ | _ | ~ Aients.
WY the nodes and sketch the pressure gr‘ld]emb
113 Pa

dp;_; = 80 Pa
P2 = pu — dp;_, Pa
= 115 — 80 Pa
= 35Pa
Psi = pu — py Pa
=115 -22Pa
=93 Pa
v: = 3m/s
Vi = 3m/s
0.5 x 1.2 x 3* Pa
= 5Pa
5 Pa
P — pya Pa
35 —-5Pa
= 30 Pa

Air pressure drop through the diffuser and due to the discharge of air from the end
of the duct 1s

dp>_3y = 30 + kﬂxj Pa

304+ 1 x 5Pa

35Pa
The final air velocity on the discharge side, ignornng the diffusing air stream
velocity within the room, i1s that through the diffuser:

vy = Im/s
Pvi = 5 Pa

The air pressure loss from node 2 to node 3 includes the discharge air velocity

pressure. The total pressure of the discharge air is the velocity pressure pe, and 1
1S nOt Zero, So:

po — dpa—3 + pva Pa
35-35+5Pa

S Pa

pu — pva Pa
5—35Pa

0 Pa

Cell C228
@SUM(W50. W179)

F S - - At ] m_i' '
The air pressure drop from node 1 to node 21‘15 tqund hynt;cfadé‘::mof .
of total pressure in each section. This calculation 1s repeated 10T tis other sections |

of duct in the main route from node 23 to E)he nal dis e
ventilated space at node 40, in cells € 229 to C233.

—
o 3
i

e




< file PIPE.WKS to find the sizes of Pipes
, ating hot water and chilled Water o dng
hich is the index circuit by inspection of the n: »
e drawing of the building. Thc ~I]nzf.‘cﬂ load and pjpe leﬂgthk
L‘}( ot for each section of the index route and then roare
o f the value for the pressure drop rate, ag js dots [ the

\ few 1teralions v . RELE AL dur,
ol sitable pipe diameter for the section. iy

hranches. / |
manual design, pf”dL:Lj ;jf;m'll pIpe materials i1s provided on the worksh
Data for ﬂjng;l:id (dew into a staging area on the worksheet. Additjq
{ata may be cnu:rid by the user for any malerialhor rangep (’.’Jfﬁ (:J‘iameters_ A
{.i:;lJ;;H.JfL:’h entered for the pipe heat em155l_(?ﬂa Thc WO;.ITShLLE ?JSlﬁS{[he lf:‘ngths of 4
[-hu specified pipe diameters, and w]gulul;slht i;n,lud ’]Lc"ii- }lebbl(}n 'and the tof;
installed cost of the pipe system. The d{:&l@ﬂfif Caﬂ.lhﬁ‘l’] L])fuiﬁg(‘;‘" the Input daty (0
iry different options to minimize the cost of the PIPGWQI'I"_ Such redesign woy;
often be avoided during manual design because of the time involved in recaloulp.
ion. The worksheet is a powerful design tool, which finds pipe sizes and the pump
duty with the minimum of data entry, and also generates a list of pipe lengths and

cost for the estimator

“CL. The
naj PIDE

user copies the re T
1 Injfja

LEARNING OBJECTIVES

dyand use of this chapter will enable the user to

dnderstand how to find the sizes

id

of a two-pipe water heating or coolid

4 XNOow how to calcula

r

pu——

9.

10. know what is meant by the equi

Use velocity pressure loss

factors in 1
rise; “C10rS In the calculation of PUmp press:

/alent length of 5 Pipeline system
€nient source of PIPe sizing data on ¥
o h Systems by Manual methods :
cdlculate the installed cost of 1 m of 2 = | |

i of 1 m of a pipeline System from updated price

know how to maintain a conv

know how to calculate pipe

find the total installed cost of a IWo-pipe system

use the total installed cost of the pi
' € Pipe system as p |
sion work. o %5 part of the design dec;-

Key tems and concepts

boller

branch

chilled water

cost

density

diameter
dynamic viscosity
emitter
equivalent length
flow rate

heat exchanger
heat load

hot water
hydraulic resistance
Index

Installed cost
Iteration

Maximum Carrying capacity
pipe heat emission
pipe section

pipeline fittings
pressure drop
pressure drop rate
pressure loss
pressure rise

pump

pump specification
single-pipe system
specific heat capacity
surface roughness
total installed cost
fwo-plpe system
velocity

water flow rate

TWO-PIPE CIRCULATION SYSTEM

 1he pump performance specification or i Most heating hot water and chilled water circulation systems are ofghe two-pipe
flow and return design. This worksheet is not used for single-pi.pc systcms..A
typical two-pipe reticulation system is shown in Fig. 8.1. A nmm@g or lettering
code is used for each section of pipe. A format block is shown in Fig. 8.1 to label
each pipe section and to allow for the recording of the output data on the

schematic drawing.

.Jlr:;{‘ ) f if-—» r
i | o "‘j,_f' *J(..-I

* KNOW the use of the
e use of the term Index circuit:
diCllate the water flow rate

f

8 that dre required for a tWO'pipe SyStem'
slon 1

.I ("’ - — !

i f0m a pipe System;
Ao L8 Ny« - |
” .JJ.{J!';_}U;!_N" rFJn ¢ lr :

- resldlance of i

U Tha
11ne heat emiq

oty €ms of plant:
v LA ';f';d_;;"(}r.r fr tawmd . " |
| e IOr water f]

aler den U 11 plpef_’:,

iternat 4 AT/.. f’J:/f'jEjrﬂ_](; Via
" M 41'J.r‘(.2(‘:?¢‘r ot

branch pipes. More pipe sections can be added by thc i
sheet when necessary for a particular project. The WOrkshee AN S
enlarged without a good reason. Move the cursor AgE e e

| _ and piFé
“O8Ily, pipe surface roughness and ¥

-

i\f] I & a171 - " ; | ‘ i Y AF T\‘ i:“-‘ ',, ¥e.
PIpe sizir ‘Jd calculations: & using the Page Down, Page Up and Home cursor o

F
1-II-|I -
i N

I
I
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1O litre

-_-m"-'_‘——-_

H(100 4 L) x
SHC(T; ~T,) % p s

T'he pipe diameter that is needed for 4 specified water velocity is found f
| tound from
md” 10" i
o = mzr-:vE:-:lO litre
4 .
> 4
g QI' g
mv % 1000

d ( 40 ine 10} mm

[ m*

mv x 1000 i I m

where H = heat emitter load (kW); 0, = water flow rate required (I/s); SHC =
specific heat capacity of water, 4.186 kJ/kg K; Ty = water flow lemperatu;'e ath 3
emitter ("C); T, = water return lemperature leaving heat emittér ("C); L= csc:t
mated pipe heat emission (%); p = density of water (kg/m*): and d = pip‘e di;mctc;
(m).

T'he turbulent flow of water in a pipe is given oy (CIBSE, 1986c)

dp; x d3\ " k. 75 \ 05
7 “‘ﬂ-P( Pl ) o lOgIU }5( 4 l.-_SI-f. )( ( ?-P ) i

~ Radiator 3

2p ld p dpy x d°

-
el

where M = water flow rate (kg/s); dp; = water pressure drop rate (Pa/m): d = pipe
internal diameter (m); x4 = dynamic viscosity of water (Pas); and k, = absolute
surface roughness of pipe (m)

T'his equation is the basis of the published data tables. It would not normally be
used by designers, but is easily handled on a spreadsheet. An example 1s given
re summed from the heat emitters, along the pip | here, and also a question that requires its use by manual calculation. These are the

'he heat source will be a heat exchanger, boilr only occasions on which the user sees the equation. The water density and

e worksheet calculates the water flow rate required | viscosity data used on the worksheet are given in Table 8.1. The absolute rough-
d adds the specified percentage for the heat lost from | ness for pipes 1s given in Table 8.2. Table 8.3 shows the range of nominal pipe
TRLUE -a'x = w_unin_c the ;m.- heat emission. The diameters and actual internal diameters for copper pipe Table X, BS 2871 : Part 1.

tage heat emussion that 1s produced by the design

neat emitier 18 tound from the 1"‘1-‘3&:& 1088 El[ld heat

otion with the designer's further calculations and systen

of percentage heat emission and checks the pi | Table 8.1 Density and viscosity for water (Rogers and Mayhew, 1987)
1e resistance of all the plant and 'pipelineﬁlllﬂgﬂ | - |

manual calculation methods. For cooling
relers 1o the chilled water coohng load at the

Temperature Density Dynamic viscosity

G E) g/ 8 (mPas)

e i | o | | 999 1.300
v CALURA waler circulation system. 0.463
0.400
0374
0.351
0.330
0.311
0.279
0.230
0.211
0.195
0.181

1.
J‘ &




 black mild stee] Pipes

or mediun .
' | . . 'lllil Il]l 'I " =" LY LS 1‘1 I : B
table 8 4 shows the similar ¢ velocity pressure 0SS lactorg [Or n:

50 mm. Further data may he add f

eference data 18 repeated
(S

' [ O1 (he
Labde 8.0 shows 1y [‘IL',II values lt. o
i min
W Lhe range of diameters trom '
‘ ' nd other,
able as required. 1his, and ol

sootion 1in the worksheel

hness lor pipes

able A bhsolute roOug
| uble 8.2 A bsi __

N (he ¢

e,

Ruuyf.‘fu"\'.\‘, A,\

Copper pipe tee branch

25mm branch €qual sweep tee
Mild steel tee branch

25 mm screwed mild steel bend
25 mm copper pipe elbow
Angle radiator valve

Steel panel radiator

Material (mm) Cast iron boiler

Fire tube horizontal boiler

0.0015 25mm open gate valve

Coppel ().0030

Plastic 0.0460

New |'1|;IL'I\ llllhl steel 2 5000

I{H“ilfll l}l;lL',\_ HHILI .“;'[L'LJI

Galvanized mild "‘Ml_ — | A 35mm Table X COpper pipe passes water at 75 °C at a pressure drop rate of 200 Pa/
e s SR | m. Calculate the maximum water flow rate that the PIpe can carry.

EXAMPLE 81

ipe Table X, BS 2871 : Part |
Table 8.3 Copper pipec I.blhlkm\j' b .

—_—— e

LS k 1.255 0.5
_ o b Internal I g g - : . | I
Nominal diamelter, -

s
1d p

J"(JHH*M‘!', Ef ._,3. dpl * J’
(mm)

— | From Table 8.1, at 75°C. p=97485kg/m’, u =0.378 mPas. From Table 8.2. for
- 13.60 a 35mm Table X copper pipe, d = 32.63mm. From Table 8.3, for copper pipe
e 20.22 ks = 0.0015 mm.

. 26.22

2K

> 32.63 p=97485kg/m’
4h I’S i =0.378mPas

o 64.27 ' = 0.378 x 10~ Pass
76 I bk d =32.63m

o 30.38 ' — 0.03263m

159 dp, = 200Pa/m
T | P ks = 0.0015 mm

=0.0015 x 10> m

(mm)

lable 8.4 Medium black mild steel BS 1387

Nominal diameter, d Internal

: . gy {
(mm) didmeler, d

(mm)

16.10
21.60
27.30
36.00
41.90

, > 2 0.5
3.00 : it - - |
s l g B p (dPl ""3) |
;U;f 00015 x 103 1.255 x0.378 x 107
105.10 — R0 (3577003263 | 974 85
129 95
155 .40
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. 2é6 x 1077 %:529.716
— Jog;o(1.242 x 1075 +4.866 x 10" > )

= log,(2.7018 x 107"
~3.568
0.5

. (fﬂ] X dq> T
m( 2p

200 x 0.032 635> x — 3.568 kg/s
= —974 .85 X m X ( 074.85

0.5

2 X
= 0.673 kg/s : |
: - ipe at the Spec |
This is the maximum carrying capacity of thelglie Caomparep; C\],\,[;lte].? &ressme rg)
rate of 200 Pa/m. The required water ﬂow.f}ﬂ ence, Or error: - maximum
carrying capacity, 0, 1/s, to establish the difference, |

0 - & x 100%
flow error £ = — 0, | ‘

The user enters successive values for the water pressur zrii)rolsaf[ateduntll the CrTor i
less than +1%. The final value of the watet preSSl}llfe p Tate, dpy Rajmaising
used to calculate the system pressufc drop and the Pgmlp pressure increase, Ty,
error percentage should be as small as can be achieved. Increments of §Pa/p for
- hould be the minimum.

the pressure drop rate should be t ' | |

Tllr)le volume flow rate of water through the pipe system 1s taken as the Maximyy
value. This is because the user has found the nearest pressure drop rate (o satigy
the design criteria. This can be done by manual calculgtlon and 1nspectiop of
published pipe sizing tables. The water volume flow rate 1s

kg 10%litre m’

QE_A/ISX 1m3 pkg

M x 103 1

P S

and the water velocity 1s

rd* m 10’ litre
QE:Tm' X v?x lﬁl3
B 4Qg m
wd? x 103 s

The equivalent length of the pipe is

V

~ 0.81M2

e
dpipd®

(CIBSE, 1986¢)

Each pipe fitting provides a hydraulic resistance to the flow of water. T

resistance is characterized by the velocity pressure loss factor k, as shown :; .
Table 8.5. The overall equivalent length of the index pipe circuit 1S the Sut
the straight pipe lengths and the total equivalent length of all the pipe fitting>
EL=L+ki,m
of

Index circuit is found from the resistalf‘ceaﬂmﬂ |

The pressure drop through the
equivalent length of the pipew

o

’

other known plant or valves. The manufacturer of heating and cool;
exchangers, flow control valves. balancing valves and e .

pressure drop to add to the overall figure: boilers provy

total dp = EL m x dp.BE % 1kPa

m  10° Pa + plant kPa

EXAMPLE 82

An air heater coil provides 45 kW of heating to a ducted ventilati

e ed venulation system The tota
length of flow plus return pipe is 30 m. The water flow and return sl.ye;m '“m,;w
82°C and 71 °C. The water velocity -

1 | 1s not to exceed | m/s. The spe 1fic hea capacity
of water is 4.186 kJ/kg K. The density of water at the mean \s:mm temptuum 18

974 .85 kgr‘rn". The dynamic viscosity of water at the mean wat -
€ i . ater temperature is
0.378 mPas. Copper Table X BS 2871 pipe is to be used The | |
_ DI : : ab irface
roughness of copper i1s 0.0015 mm. solute sur

The designer estimates that the heat emission from the pipes will be 8% of the
installed heat load. A cast iron boiler is the heat source. and the pipe svstem has 12
bends, 4 gate valves and 4 branch tees. The hydraulic resistance of the heating cni.l 18
6 kPa. The two-port flow control valve has a hydraulic resistance of 10kPa Calcu-
late the required water flow rate in kg/s and I/s, the estimated pipe d.iametﬁ the
maximum carrying capacity of a selected pipe diameter. the flow error, ‘Lheﬂow
occurring in the pipe, the water velocity, the equivalent length of the circuit, and the
frictional resistance pressure drop through the pipework system. |

The required water flow 1s

[ H(100 + E) kg
-~ SHC(T: — T2) %00

45 x (100 + B) kg
~ 4.186 x (82 — 71) x 100 s
= 1.0555 kgis

O,

- 45x(100+8) x 10 litre
- 4186 x (82 —71) x 97485 s
= 1.0827 litre/s

O

The estimated pipe diameter 1s

0.5
d = | - 40, x 1000 mm
my x 1000

a2 4 x 1.0827_
il m x 1 x 1000

= 37 mm

0.5
) % 1000 mm

e i

The next pipe diameter larger than this is 42mm with an internal ciameter 61
39.63 mm. For a pressure drop rate dp; of 180 Pa/m 7” T
copper Table X BS 2871 pipe, the maximum water: i‘; apacily 15 fOW
before: ;i "




242  Water pipe sizing

974 857 X M%%S‘ﬂ <~ 36020 | (CIBSE, 19860)..
s s gy 2 v, 74 | “l{ 3 I

1.0515kg/s

15

28
35
42
. 67
974.85 P 100
- ].OZSQﬁ litre/s , 1%3
rd? x 103 s A . . | - Lk e
10786 m . . PIPELINE COST
% (0.03963) x 103 8 ¥
0.874m/s

The equivalent length of the pipe is

pI‘Oﬁt CQStS are tO be 'IEISB‘ ﬁ’ﬁwﬁiﬂﬁ} Wﬂm \I on, SO that alternativ

gths may be test d ...,
0 8 l M : s _ ' -
d[) | f)d4

;m be used for the final costir A pi
175 x 974.85 x (0.03963)

5 the user’s company or f
=2.13m To provide a reas. e
ipe fittings velocit . ' diameters, the f used. The data s
The pipe fittings velocity pressure loss factors have a total of b : . ,I ; - n:*» m e Jhg?ﬁ‘ a 35mr
‘_ M‘\ w u‘n “.| er n per
Lk=254+12x x14+4x03+4x1.5 # ._ '
= 21.7

0.81 x 1.05152 s ] jayout. Pxpe 1engs and d
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t‘ulr\? ﬁ"f.jji S TN

pipe is £12. )2 per metre le

i %‘*:HHH*-"W“ 24 20/ ¢ I€ngy
{11101 of 24.3% IOI‘ | g[h‘
Waste A
' Ov,

| he measured installed cost O
| 5% discount 18 normally appli i

A B 1 J L "
heads and proht | he -le_.,sl Ins

tinaos Of 4 1€€ 1 &0 o
(tings o (12.89 discount 1570, wasle, Overh

I

' dl
and then ab &% il A Vst
(allation of a 21 It“él‘h of PIPE in @at.
yoN (WO elbows, WO pPipe hl'.:_-lckels andzgllnﬂ
Iy,

i ria et Cadg
15%,, wasle overheads ang a

Drnﬁl

system would have pipe {1
| he lec COSIS

£7.74 discount

OSLS {0

thick thermal nsulation
profl 18 19%. An elbow cOsls

: 1 cel A : |
A AL <IN - ' " I]'J' l’}l.il,l"':- : . , - F l 1er . 4 . ,
|8 39%,. A single-pipe g 4 L fibre 30 mm (hick thermal INSulatj,
4 ' L™ N
dln.i I_HL]!” | & 42 :

| melre [,_--Hglll., ()70 diSL‘OUﬂ.l, WaSle
| cost of a Sm length of

6HY t’.jl-“..'i'l-‘-”"“][ 25l%" Wu'Ste"’ Qverh

L
N

(£12.89, —35%, +18.39%)

£ ) 47 : 07 | |
cosl = (Y 7 f 12 )2 (j [_ﬁ ('ll:}_ *‘25%:‘%‘&839‘%,)

R 4+ 28.00
£(68.25 + 7 97 4+ 11.9] B T 4 )

' LI_}') 90 |
| S 35 mIT diamelel I_I']hl[l“lid copper pipe is
|| gaoe COSI t,'l OT11C meLvrc u} 45 min
IC d "Il_‘:!._l;.:t. yai A : - |
£129.96
OBl &= —%

51
— £26.00 pel meltre

1567 mum are jointed with capillary fittings. Pipes of 76

~ ~mner nine diameters ol | . matde Q 7
Copper pipe dian are listed in Table 8.7.

| 59 mm have weldable joints : f!f-“‘*‘-ll ok

costs of copper | able X pipework

[able 8.7 [nstalled

f”“ni"-l“’il_‘n’/ COS1
(L/m)

[JLamelel

({ [Nl )

3 13.70
. |16.10
Ii“) —I"‘}

26.00

20 .55

17.00

52.00

77.40

110.85

| 72.40

_ U - 5.2 = qsomt]

yO-PApE Negling syslem Nds COPPEI lable X |‘}||}u\~.f{_nk [ he 1t‘|"|g[hb arc 'lr?]e hﬂm ‘

., Sm ot 20mm. 60m of 2ZBmm. 40 m of 3Smm and 10m of 42 mil; SA .
) SRS emper’

e pipes '3
load, &

!

provide an output of 65kW (o the building. The flow and retur®
o4 i 82 € and 70 °C. The ambient air temperature around th
“late the pipe heat emission as a percentage of the installed heal
L LLE PIpe syslem

aa

Data requiremens 245

_ PGy Y 52 + 70
lemperature difference = —— "~ _ 18
5 15K

= S8 K

The solution 1s presented in Table 8 8

Table 8.8 Solution to Example 8 3

[)fﬂlf”&'!f}r P[P(J !{H’g[}jl l’f{iu[ Erﬂ“‘-l’ﬂ'n Fﬂ"alled cout

(mm) ey | ——

15

22 .

28 5( 0.25

35 { 0.29 0.673

42 0.32 0.186
Total 4 .449

4.449 kW

65 kW
= 68%

pipe emission = % 100%

total cost of the pipe system = £5845

DATA REQUIREMENT

he user will enter new data for:

Your name 1n cell B4.

). Job title in cell BS.

Job reference number in cell B6.
Filename in cell BY.

Water flow temperature in cell C44.
Water return temperature in cell C45.
Water density in cell C47.

Water dynamic viscosity in cell C43.

9. Specific heat capacity of the water in cell C49.

 Temperature of the ambient air surrounding the pipework system in cell C30.
This is the temperature that acts as the sink for the pipe heat emission. This
may be the temperature within a builder’s work duct or a ceiling space.

|. Roughness of the pipe internal surface in cell C51.

First estimate of the heat emission from the pipework system in cell C52. This
can be left at the original value of 5%.

 Total heat output from the heating system, H kKW._ in cell C54. This is the sum
of the heat emitter outputs. .

 Type of pipe, nominal and internal diameters of the pipe to be used n 11
range A69 to C79. COPY this block of data (rom the data baflk that 0'
mences at line 161; the cell range from A69 to C79 must contain fh '-'  e
range of pipe diameters to be used. The data that 1s en g -
ically copied to other parts of the worksheet. This informati rincal 1o
running of the worksheet. |

I -
i
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Spreadsheet fact (01

R S

g L 1J hting

INTRODUCTION

The general artificial ighting of
tion with fluorescent lm
plane. This worksheet proy

a single rectangular space. T

lished with repeated wphl
unique name. The effect of lo

reference data is prOViMu
general design cases. The 1
current photometric data fﬂ

LEARNING OBJECTIVE < "

Study and use of this cha
|. know the principles q!

&

cleani ng

clectrical power
Hljf)ret;pent

e ——

—

Key terms and concepts

“olour rendering index Py
“Orrected colour temperature R

© ® N e O .

methOd ', 0
know the photometric da

use the utilization M@!
tions:

know the use of light M
calculate the numbet of lur
know how to use lum "
design the layout of iinair
calculate the installed ele y "
know the electrical power load




4800 1972). Typical values are 70% for a whis

and 10% for flooring. The user can enter I
j ¥ I_j_-*_ " . _‘I. =
design- e "

Utilization factor 1s the ratio of the jym: E
o inaeX «urface to the installed flux. This ratio gy 4
r._‘-,”ll- L LALAS Sl

ghting. Tt | 1S Tatio should e go
~acing erﬁclen[ llghtmg It 1S a Comblnatlﬁn of the 1 Hgr
WY height ratio |

I'J\I F-‘_ L

Lnce factol

téll
, LLARS ~C
(1Al 1SS (aclol

i .
= IH ‘Lk_l’-]-i ¢

oom surface luminance factors and room dimensinn. o
refers to published utilization factors from manue - ©
values are provided in the worksheet. The .,, |
chapter. The user will acquire current informatias ot
The number of luminaires that are needed . or

found from ide

18 s \N

zation faclol
| ] CL A=

e L‘_‘_l[l‘\_‘.

~LUiers
. W

1 'y iT

T
T \'.‘—'|i]'1_'i\"- - A
—_ EE™N aY" VLY \ ' LL desl lux e . R ™
- M 1N LN . ’ . . X _ A
JMEN no. of luminaires = lgn . w' € area
shod fol o S 0 uminaire lumens » 11F
wrlu_vlr oI .. .f|L_ru'1".!_"h|'?"u: over the W.O[_l\ll"lg plane‘ The W :.?(S | | | ‘M‘
R s the floor, but at a raised height, typicaly . where A, = area of the working plane (m®); UF = sl
- v the SAme ALk @ - G R B : S ¥, - ' - licht | Fry ol s e
ng Planc 1y RQUEDR? ~ of the method 18 O localte lLI[l]lL}.Lllrﬁb f‘lt d SpaClI],g bet‘We less ). LLF = oV erall hg—ht loss factor (dime 1S10T jess
desk level. The MICRURTEEE- e working plane that will not create ShadOWS
BONE o 1995, Ch. 11). Design values for : luminaj
. ted areas (Chadgertom e R o, ) f.()r Ulum;. | - o,  luminaire MF% 1o
pQOUlY. HIMMMIGLES: EERE ‘b (hn/m) depending upon the detail to be vViewed apg [LLF = lamp lumen MF7% x | 100 —
e S0 10 2000 IX (TN 2o b SN g i | | _
vary from U K€ . (CIBSE, 1986a; Pritchard, 1985, Ch. 7).

requULIEy

. artificial lighting of the interiors of o
the altitd . |

Fhe lumen JdeSlgH

yovides d gl orm

E - - -
on factor (dimensionless).
|

! riil.-"
| ' 11l LI
{ l.]'\.: *._\.' I I,i.ILL! ']\. l:

}.Ll : l.\.l.'
he encrgy econoil

« accompanied by winter heat losses 'through the

The davhghling Ol nlerors _‘ heat oains durine the ws |
heingp o he admission of solar heat gans QUINS thC Warmer weathey
[1C AULLLLOV - SRS v iEaciol 27 e i
ARCH (OECLLIC] Ll B B e k WA JURC, s e LS S ~1 ; .

! ve ‘hat lighting 18 an :_ullﬁi'_g}‘-[_IILC‘HM"VC SErvice. The engmeermg

Lamp lumen maintenance factor represents the performance r

.
]

RY.

of use: this 1s typically 929% of the mitial lumens &i
cleaning of the room surfaces and luminaires, at fhreesor S
will ensure that the room surface and lummnaite “h

-nvironments have an average value of about 95% Each design _
recommended maximum spacing-to-height ratio. This |
allowable spacing between the rows of luminaires 10" provide s
rribution of light on the working plane: |

WCd> U ';_‘,l-;l,;li'l‘;:-_' 111

Humunation, 1L 1S CiCdl

lesigner aums (o yplimize tc architectural, ha”*’-“@% alr Condl'ifqmﬂg and e'IECtTiC'El.l
l. :_ r components of the overall scheme sﬂ order to minimize the use of cnergy n
he provision of an acceptabie standard of Service.

. <election of reference data is provided in the worksheet. The user will update
he reference information and extend the range data in the worksheet 1n accordance
vith design oihce requirements. Lamp ;mou)mcmc data 1s on the reference screen
n LN -_»LU:_IQ_' Arrangement as 1S uscd 10 the calculation area of the worksheet, The R

ISSF can copy the relevant data directly from the reference area to the calculation | where SHR — maximmum spacing-to-height ratio 'r'* 5
wea with one COPY RANGE command. The data on the worksheet 1s for ' l‘u—:_-wea{ Mus of luminaires (m): and Sy = space BERNESE l
row and wall (m). et

When the number of luminaires has been calculateds HEGESIERSE

distribution of the luminaires on a reflected ceiliig PINEIISHES

Huminance levels 1n lux

(|

JITNOance (dCtors [Qr the room 51_11'1—;1055*
ililizauon factors for a typical combination of luminaire and room configura-
10N D 1D: '“-J‘." : | A 4 o | . '."" .
l““‘ Cmips, 1536) integrated with the position of the working planeSSHiEEESS =S
Boreseent lamp data (GE 1099 : - 1 fire detectors, fire §
PR Ly Caka ks, 199Y). diffusers and return air grilles, smoke and fire detec
T IBOIMEIne contionratianm ~F + - T _ ~ - | - . 1 . m ¢nded 1ol
+HiE geomeine contiguration of the room s represented by the room index, RI SMergency anﬁd exit lighting, equipment !JC _g s 5
architectural features. The number of luminaifes i fOREEES
Ly W, IS determined by iteration of the options OR tm‘ g/
options are entered into the worksheet until a
dimensioniess): J W, = room | The worksheet shows the illuminance that will be pF
- 19 C:SL --»L — ~y _ ( : . | | ) e === _ - : - . _ 7 1 u..k}li,;?;“ ;1‘ UL '
‘EIgAL [rom: werking niane | . lgngth i, S m): and | row spacing and the electrical power CORSEIEEEE
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NTRODUCTION

o the size of cable that is required for :singlle-phase
arksheel '.T:::,  lo-nhas eleet ical power and lighting Circuits, h

, lm:. \\fl e Sover faolal and the mcusm‘ml length of the COH(]E Usey
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LEARNINC OBJECTIVES

\ncl use of this chaplel will enable the user to:

ow the data needed to calculate the size of an electrical cable:
the voltage drop limits for sizing cable;
e current limits for cables:

I= L |
: | d oy Ly \ =Yg
- Nt Ny [ L. ‘ ‘::‘ _. AL " . -I. |. :-" E L" {

& phdse current lor single-and three-phase circuits;

e maximum allowable length of cable to meet the voltage

ha vy - -~ g o T e |
1€ Vollage drop 1n a cable

b - - -
- )=
LA

peiteliage voltage drop in a cable

extra low voltage

JIouped cables

aximum conductor length
aXimum current rating
conductor length
“ilage voltage drop

Tleasured
Perc

—
e

CABLE DESIGN METHOD

The current in a cable i1s found from the cloctriadl

that is supplied, the voltage that is applied (0 the :__" €1 con

the load. This design current is compared with ‘
find a suitable cross-sectional area, The 1'
proposed cable 1s calculated from the known i |
cable from the supply point to the final load is limited koo &
applied voltage. The cable support method an |
together are taken into account when using x.
1991). Table 10.1 shows values of current rating “‘-_‘,_I
of cables. A larger number of cables are listed on the warke

applications. The simple approach (Jenkins, 1991) {0 the

" i Al 9 v
lﬂ" ;, =k

o
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used, with the inclusion of the power factor (Chadderton 1995 ¢k
mV/A m is the resistance of 1 m of cable in milliohms (m)

Table 10.1 Electrical cable capacities for unenclosed copper cables: tinss
clipped to the surface of the building sy

R S

Nominal cross-sectional area of conductor  Maximunt current falings

(mm") (A) - (mVAr

R N
. A |
h =
. L

15
19.5
27
36
40
63
85

(IEE, 1991)
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1 CIrCull 1S 4%, of the Inc

volta g€ d [Op _limil 1S N0t

m measurement on the buildinn
[Op produced 1n that Cil‘CLli[ 1S k

S kKW. The motor
.rd has a measured
i1ts. Use the cable

copy of the file
| 6th edition ol the

Try a | mm? caple Daig Cquremens w7

allowable voltage drop rate — 44
Maximum current raling = |5 A

maximum cable length js

mV/Am

¢ 5 Maximum voltage drop allowed V x 1¢°
Iy A x voltage drmﬁ‘ -
- 16.6V x 10°
139A x 4mV /A m v
=] M

The resistance of this cable is oo high, because the all
allow only 27m of cable whereas '

voltage drop would be

| Owable voltage d _
6Um 1s required. If this g¢ drop will

Cable was used. the

volt drop = Ly m x Iy A x voltage drop :\’ X —]—:71- V
m :

60m x 13.9 A x Mm\l X | Vv

Am’ 10?
= 36.7V

This wou_ld exceed the allowable drop of 16.6 V. Try the 2.5 mm® cable: allowable
drop 1s 18 mV/A m.
L maximum voltage drop allowed V x 10°
Iy A x voltage drop mv/A m
16.6V x 10
139A x 18mV/Am
66.3m

m

m

mV |
voltage drop = Ly m x Iy A x voltage drop T X 103 \
N .8
60m x 139A X 18 —X—=¥
Am ;

— lo%
The 2.5mm?> cable has a maximum current capacity of 27 A and 1t produces a
voltage drop that 1s within the 4% allowed. The percentage voll drop 15
15 =
voltage drop = — % 100%
voltage P =713
= 367

| | Vi oltas and the current
The proposed design complies with the allowable voltage drop

capacity.

DATA REQUIREMENT

The user will enter new data for:

|  Your name in cell B4.
7 Job title in cell BS.




INN

Flectricad

!t’.{fﬁfﬁ 1T INE

Circult Vo
Cable numbe!
WOl K shecl .i.lllt_l {hese el "
A descrniphioh of the cable 105 e
Enter a descrplior such as: groug |

- column A A consecutive series ol numbers are |

1 ‘ | ]'L‘”'m” I,_J|-1;i'|1Li‘rLId. | I lhc
(allation 10 cells C35, D35, E35.
ble. clipped direct. E
haracters 10 each cell.

oe Ol cable cross-set
S1ZES
of each cable size 1s provided in colump 3
-d in these cells as required. U lrom

tional areas is provided in column R

can be entered as required. from

| | ‘
W ranges 0l Lélh'L‘
y current rating
can be enler
A per m length of cable is provided in e

e entered in these cells as required

[he maximur
cell € t1 New dalta

| - Iﬂ'l o 9
he voltage drop 1D mV per

from cell D53. New data can b

OUTPUT DATA

The current date is given in cell B7.
The current time 1s given in cell 38

The voltage in a three-phase supply is given in cell D43.

The maximum allowable percentage voltage drop In a circuit 1s given in cell
D44
The maximum allowable voltage drop 1n a circuit 1s given 1n cell D45S.
The power load carried by the cable 1s oiven 1n cell ES3
[he power factor of the connected load is given 1n cell F53.
1¢ phase current 1s given in cell G53.
ne maximum length of the conductor 1s given 1n cell HS3
Ihe measured length of the conductor is given in cell 153
1C !'-i:.}ll,r_l*.'_".,_' d]’(]‘} n - 6 . y T ok . . ys
Yhevoltace & pIn the LGduu_m s given 1n cell J53.
- vOILAEC drop expressed as a percentage of t | ;o
a1 ds a percentage of the voltage that 1S ap; to the
circuit is given in cell K53 £ »ltage that is applied to U

1 he accept; Sriter:
acceptability criteria for the vc

¥ ‘ 'y ’ . I"][: \\( } y o : * . Moriso of 13 ¢ " R
are shown in cell .53 filagedsop (cither ‘Allowediigg Too high

T'he current |

L AL ML accept; TR N

given in cell M$S3 [—Ltplflh””}' criteria for the current carried by the cable are

The ceil exy | F.:J Ather “Allowed’ or ‘Too high’ is shown

thecelirange E54 to M79 containe the ane.:. ‘ % |

Lhe cell range A83 1o M ;}j}?mnh the equivalent output data to thatin line 53.
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LINE D { 0 ) / ] C “‘]H l1(. > Fo S - 1 : At h(jl On

The cel I 240V single-phase CIrCuits squivalent output G d
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lor 12V extra low Voltage ns the equivalent output data
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read DY moving th ' the I”fl‘nul
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CUrsor to the cell

A€ are o n b€
¢ are given here, Each formuld can °

. | | e D
The equation is presented 10 the for™

Cell BY
(@ TODAY

This f 10N pr¢
s function produces the serial number of

formatted to display the date the current day and ume. The cell is

Cell B8
(@ TODAY

This functi B .
s nction produces the serial number of the current day and 1
formatted to display the time. Y 40 1ime. TRES

Cell D45
+D43*D44/100
The maximum voltage drop that 1s allowable in a cable 1s found from the allow-

able percentage drop from

voltage = 415V x s V
100

6.6V

Cell range C46 to G46
+$C$35

The description of the cable installation
repeated along the range.

is copied from cell €35 into C46; this 15

Cell E53
+$C$2T

The circuit power load 1s copied from cell C27 into cell ES3.

Cell F53

oad is copied from cell

+$C$29 |
29 into cell F33.

The power lactor of the |
:




D43V X F33 x V3

y
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in a 415V three-phase

of the conductor

Al DA e T |
G33A x D33mV/Am

voltage drop = Ly m x I A X mV o 1 v
J53 = 1531 D53 m Am 1000
J=DDi’m x Gﬁ}‘{\ b 53mV 1
v 3

Am <1000




o3 l 64;«: 100%

240
0.7%

1cal power rating of S0 W, Th llm
dlstnbutlon board has a measure

Phase current 1S .
= A 4
b=1Vx10
—42A 4
The 2.5mm°” cable has an 2llowable drop of 18 mV/Am: ’

048V x 10° b
42A x 18mV/Am
— 6.35m

Iy =

<19 124 x 18 SR
voltage drop = Sm X A Am 103

=0.38V

The 2.5m” cable has a maximum current capacity of 27 A, and ﬂlr P
voltage drop that is within the 4% allowed. The percentage voltage drc

0.38
voltage drop = i x 100%
= 3.15% o

The proposed design complies with the
capacity.
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