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Reference Material to be nrovided. Question | Location

1. Table 1. 2. 3and 4 — Hot and Cold Water Pine work Design (0] (attached)

2. CIBSE Table C4.18 Page C4-40 — Water 10°C Copper Pive. 0o1 (attached)

3. Hot and Cold Water design Soreadsheet (0] (attached)

4. CIBSE Table C4.11. Page 4-15 - Water 75°C Med Grade Steel | O4 (attached)

5. CIBSE Table C4.36. -Velocity press loss factors. 04 (attached)

6. Ductwork Design Sheet 05 (attached)

7. CIBSE Fig C4.2 — Flow of Air in Round Ducts 05 (attached)

8. CIBSE Table C4.33 — Velocity Pressure in Pa v’s Velocitv m/s | O5 (attached)

9. CIBSE Table C4.35 — Pace 1&2 — Velocitv Press Loss Factors | O5 (attached)




QI (a) Fig 1.1 shows the cold water pipe work layout for a changing room area within a

school. Determine the most economical diameters of the copper distribution pipes

labelled AB, BC, etc. Assume a continuous demand due to peak usage.

Ensure you put your name on the sheet and attach the sheet to your answer book.

[15 marks]
STORAGE TANK
e FIG 1.1 COLD WATER PIPEWORK
sTOP ﬂ\o PLEASE SHOW ALL CALCULATIONS
vALE A PLEASE WRITE YOUR NAME ON ALL SHEETS.
X DIMENSIONS SHOWN ARE IN MM.
4 x Shower (with nozzle)
15mm Isol viv
o 4xW.C $H
P 15mm Isol v/v 4 x Wash Basin
(<2} 13/15mm LP Ball 13/15mm Bib taps o
Float v/iv o
D F 2
3
LB ] [[]]
IKe TE G
2500 2500 3000
I I

(b) Having completed your detailed design it should show that insufficient head pressure is

available to carry the desired volume of water to user point H.

Calculate the shortfall in head pressure available (Pa) and suggest the minimum

changes required to correct such a fault.

[5 marks]

Q2 (a) Fig2.1 below shows a section of a wall. Using the data provided on the sketch calculate

the thermal transmission (U Value) for the wall.
Table 2 — Rsi, Table 3 — Rso and Table 4 — Ra attached as reference.

FIG 2.1
U - VALUE

OUTSIDE SURFACE
HIGH EMISSIVITY
SHELTERED LOCATION

50mm AIR GAP
HIGH EMISSIVITY

50mm  110mm
110mm AIR AERATED
BRICK GAP CONC

T . 4 P POLYSTYRENE

T coe /13mm PLASTER

B INSIDE SURFACE
T M HIGH EMISSIVITY

L s . .| /3mm THICK EXPANDED

L i : L1 Thermal Conductivities.
T .4 |\ Brick 1.00 W/m K
I 1 | Aerated Concrete 0.14 W/im K
... 1) Plaster 0.70 WmK
I ja ]
~ . a Polystyrene 0.04 W/m K

[8 marks]



Table 2 - Rsi Internal surface resistances R.; in m*°C / W
Building element Heat flow Surface resistance (m”°C / W)
High Emissivity Low
Walls Horizontal 0.123 0.304
Ceilings, floor, flat Upwards 0.106 0.218
Ceilings and floors Downwards 0.150 0.562

Table 3 - Rso External surface resistances R.. in m>°C / W
Building Emissivity Surface resistance for stated exposure
Sheltered Normal Severe
Wall High 0.08 0.055 0.03
Low 0.11 0.067 0.03
Roof High 0.07 0.045 0.02
Low 0.09 0.053 0.02
Table 4 - Ra Unventilated Air Gap resistance R, in m*°C /W
Air Space Thickness ~ Surface Emissivity ~ Thermal resistance (m”°C / W)
Heat flow Horizontal Heat flow
or Upwards Downwards
5 mm High 0.11 0.11
Low 0.18 0.18
20 mm High 0.18 0.21
Low 0.35 1.06




(b) Fig 2.2 shows the plan of an office on the second floor of a four storey building. The other
floors have the same construction and heating design conditions.
From the data given and using convection heating, calculate the total rate of heat loss for
this office. [12 marks]

Outside Temp minus 2 DegC

Window Area 5m?
8m

Height of office = 3m
Air Change = 1 per hour

%frlgg U Values (W/m?K) -?-g:ﬁg -(r)éfrlﬁre,
20DegC | E External wall 0.4 20 DegC 20 DegC
© Internal wall 1.6
Door 2.3
Window 2.2
Floor 0.5 )
Ceiling 05 Door Area 2m

>

Fig 2.2 Heat Loss Corridor Temp 16 DegC



Q3 (a) A two pipe LPHW central heating system is shown in Fig 3.1. The pipe work is medium
grade steel. The heat output from each radiator does not allow for a fixed percentage heat
loss from the insulated pipe work supplying those radiators.

Under the design conditions shown, find the following for pipe sections 1, 2 and 3.

(1) Pipe diameter, (ii) Pressure drop per meter - dP;, (iii) Length equivalent factor - L.
NB: it is not necessary to compare the actual heat loss from the insulated pipe work with
the theoretical value estimated.

Table C4.12, Page C4-15, “Medium Grade Steel Water at 75°C attached for reference.
Table C3.14 — heat emission from horizontal steel pipe — Not required. [10 marks]

FIG 3.1 LPHW HEATING TWO PIPE PARALLEL SYSTEM

BOILER

CIRCULATION PUMP SPACE TEMPERATURE 18.5DEGC

ISOLATION VALVES FLOW TEMPERATURE 87 DEGC
RETURN TEMPERATURE 70 DEGC
TARGET VELOCITY OF FLOW 1m/s
EMITTER HEAT CAPACITY AS SHOWN

SPECIFIC HEAT CAPACITY Hx0 4.2 kd/kg K

(b) For the same LPHW circuit find the effective pipe length of the straight pipe plus fittings
for all sections. From this find the total pressure drop on the index run.
Use this to derive a pump duty for the circulation pump in this circuit.
Bends are welded mild steel elbows and isolation valves are gate valves.

Table C4.36 — “Velocity Pressure Loss factors” attached for reference. [10 marks]



Q4 (a) The production area and associated rooms shown in Fig 4.1 below are to be supplied with

air conditioned air through the supply air duct shown. The air is supplied from point A to

supply air grilles at B, C, D and E. There are no change in levels between A and E.

Using the design criteria provided on the sketch and the ductwork design sheet attached,

establish the most economical circular duct size for the layout shown in Fig 4.1.

Include all relevant information on the ductwork design sheet.

Ensure you put your name on the sheet and attach the sheet to your answer book.

Fig C4.2, Table C4.33 and Table C4.35 Page 1&2 attached as ref.

[15 marks]

CORRIDOR
S/;f:PLY 6m x 2m x 2.4m H
GRILLE E s5Air change/hr
144 m3/hr
m
PREP ROOM
8m x 2.8m x 5m H
2m 20 Air change/hr
2240 m3/hr
D /
1m
1.3m 1.4m
2m
C
2m /
STORE 1.4m
8m x 2.6m x 2.4m H —g
10 Air change/hr
500 m3/hr

ASSUME CIRCULAR DUCTWORK
ASSUME CONSTANT dP 0.6 Pa/m
ALL BENDS ARE 4 PIECE

BEND r/d RATIO =2

45 Deg GRADUAL TRANSITIONS

9 Pa dP AT GRILLES

ALL ROOM SUPPLY AIR VOLUMES
ARE QUOTED IN m3/hr

FIRE DAMPERS WHERE DUCTWORK
PASSES THROUGH ALL WALLS
k FACTOR 0.2

ALL DUCT DIMENSIONS ARE
QUOTED IN METERS BETWEEN
FITTINGS

5m

PRODUCTION HALL
10m x 10m x 5m H
30 Air change/hr
15000 m3/hr

5m

FIG 4.1 - DUCTWORK DESIGN

(b) Fig 4.1 shows fire dampers on each of the dividing walls between the rooms. With the aid

of a neat sketch show the details of two different types of fire dampers commonly used in

air conditioning ducting.

[5 marks]



Q5 (a)

Air conditioning is used to control the temperature, humidity, cleanliness and distribution
of air within the air conditioned space. Filters are used in controlling the cleanliness of
the air. Briefly describe three types of air filters that may be found in air conditioning

systems indicating how each works. [6 marks]

(b) Draw a schematic of a “split system” packaged air conditioning unit in room cooling

(c)

(d)

(e)

mode, complete with compressor, heating and cooling coils, reversing valve, expansion
device, fans and direction of flow of the refrigerant.
Indicate on the schematic the state of the refrigerant immediately after the expansion

device, i.e, High Pressure or Low Pressure, Liquid or gas. [8 marks]

Use the Psychrometric Chart attached to plot and determine the following conditions.

NB: It is not necessary to attach the chart to your answer book.

In winter, cold air at a dry bulb of 5 Deg C and 60 % relative humidity enters a building
through a heater battery and is heated to a dry bulb temperature of 20 Deg C, without
adding moisture. From the Psychrometric chart find, [2 marks]
(c)i. The Wet Bulb temperature of the incoming air.

(c)ii The Relative Humidity of the heated air.

The air in a room has a dry bulb temperature of 22 Deg C and a wet bulb temperature of
16 Deg C. From the Psychrometric chart find, [2 marks]
(d)i  The Relative Humidity of the air.

(d)ii  The temperature of the walls when condensation will occur.

Air enters an Air Handling unit at a dry bulb temperature of 25 Deg C and 70 % relative
humidity. The final condition required is a dry bulb temperature of 20 Deg C and 50 %
relative humidity. From the Psychrometric chart find, [2 marks]
(e)1  The reduction in moisture content of the air.

(e)ii  The lowest temperature the air must be cooled to in order to achieve the reduced

moisture content.



Q6. (a)

(b)

(c)

(d)

Q7 (a)

(b)

b

With the aid of a neat sketch show all the equipment associated with a typical “wet

sprinkler system for a two storey building. [6 marks]

Using a neat sketch show the general arrangement of an on site automatic sprinkler pump

system including the water storage and water supply. [6 marks]

Outline the type of portable fire extinguishers you would recommend for use on fires

involving four of the following materials :- [4 marks]
No. | (i) (i1) (iii) (iv) (v)
Class A B C D E
Fire Type Wood & | Petroleum | Gases Inflammable | Electrical
textiles metals

Briefly explain how each type of extinguisher described above is effective in fighting the

relevant fire. [4 marks]

Global warming is a phenomenon attributed to increased industrialisation of our planet.

With the aid of a neat sketch describe how global warming has come about. [10 marks]

Air pollution is a major contributor to global warming. Describe three types of air
pollution, their sources, effects on humans and vegetation, and possible control measures

to help reduce their level. [10 marks]
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4-40

Reference data

“Table 4.18 Flow of water at 10°C in copper pipes

- COPPER, TABLE X
¢, = massflow rate kas
¢ = welocity m,s"’ o,
Al = pressure drop per anit length Pam™ WATER AT 10°C
{, = equivalent length of a component
for g = | m
*(He) = 200
T (Re) = 3000
Apil ¢ 12mm 15 mim 1lmm 28 mm 25 mm 42 mm ¢ Apll
9 AL PR R ty |k da |l PR [
ki LERVTE S (4 002 03 0070 6.5 0144 OT n.263 Lo 0447 L3 50
35 oo oz 0027 03 (121 FE ST Y 0152 ar 0278 Lo nar: L3 55
6l Q.01 "2 0028 0.3 0.078 G5 0160 a7 0292 Lo 0a%s L3 60
63 o7 a3 0.029 A 0082 G 7 0308 Lo 0.520 14 65
El 0.2 0018 03 0030 03 0.08¢ 4.5 0.8 0319 Lo 0542 14 70
5 oo a3 0031 03 0182 08 0332 I1J 0564 14 75
a0 0020 63 o032 03 0182 0§ 0345 1J NSRS 14 &0
&5 0.022* 0.3 0.033 03 . . 0196 08 0337 1 . 0606 14 0.5 &5
90 ome oz 0034 03 0.0% 0S5 0203 08 0,369 13 626 L4 20
a5 aqan 0l 0038 03 0 o5 0208 028§ 0381 L 064s 14 93
100 0020 62 0.036 0.3 0106 G5 0216 08 0392 Ll 0665 LS 100
110 0w oz 0038 03 PN ) P D28 08 DA4la 1 0702 LS 1%)]
120 002z 62 0.040 03 0117 06 0239 08§ 043 1 0738 L5 120
130 o023 0l 0.04iF 0.3 0123 06 D.251 0.8 0456 Id 077 LS 13
140 0028 02 0043 0a 0124 @6 0262 08 U475 [z2 0805 L5 140
150 0.025 0.2 a.8 049 L2 0.838 L5 150
160 o0 02 0.9 0513 L2 0889 L6 160
170 0027y 02 a.9 0331 L2 0899 Lo 170
180 0.3 o2y el 0.e 0548 1.2 092  Is 180
194 LU S a9 0566 12 G958 Is 190
200 0029 o2 a9 0.583 |2 G9Rs Lo 200
5 0.0%1 a2 5.9 0623 12 105 16 . 225
2 0032t oz 0.9 662 L3 Lz L6 250
75 0038 az 0.9 0698 13 118 7 1.0 275
00 0.0% 23 6.9 [ = B ) 124 L7 300
325 0037 a3 19 0768 13 120 L7 325
| 350 0039 83 19 080 13 135 L7 350
| 78 0.041 23 Lo 0.831 13 141 i7 375
{400 L4z 07 L0 0.864 1.3 1.46 8 400
425 0044 93 19 894 13 151 1.5 425
450 05 05 93 o8y o4 0511 19 0.924 14 156 1.8 . 450
475 617 03 0088 fd 0827 L0 | oes: g4 161 18 475
300 0.018 03 0.091 04 0542 19 0980 i4 L.66 1.5 500
550 (LX) N 4 nose o4 0572 Lo Lod 14 L3 1.8 550
600 0054 03 0101 o4 @601 19 109 14 18% 1§ 15 600
630 00s¢ 07 0106 a4 0626 LG 1.14 14 1.92 15 650
700 00 03 o0 o4 nese LT 119 14 zon 13 T00
750 0.051 0z 0113 a4 0682 L1 1.23 14 208 15 750
200 0.063 02 0.119 a4 0,708 L1 1.23 1.5 216 1.8 800
830 006 03 0123 e LU P 1.32 13 223 19 850
900 0068 03 L% P 0rs7 o Lt 1.37 L5 230 LY 900
950 00 0.2 013 a4 . 07380 L7 1.41 L5 237 s 950
1000 0072 03 w13 oe 0398 0% 0803 1L} 1.45 L3 244 2.0 20 1000
1160 0076 03 0143 o4 0420 0.8 n347 LI 1.53 L3 238 20 1100
1200 Q080 03 Q15 o9 U441 08 0850 14 1.61 15 271 20 S 1200
1300 0084 03 | wlsT 08 0461 0.8 0831 LI 168 L6 283 20 RAREDY
14400 G088 3 tled ps 048] 08 | 0% 12 .75 1.6 295 2.0 1400
1500 1.0 0091 02 (48 e S 0560 0.8 1.00 12 182 L6 306 2.4 1500
1600 009 g 07T es [URIS . L5 A2 189 L6 318 21 1600
1700 0098 0.3 018 pS 0537 0.8 1.08 1z 1.95 L6 3.29 21 1700
1820 Q100 @23 0lse 05 0.555 0.8 112 1.z 2.02 L6 3.39 21 1800
1906 [ (1S 019 0.5 0572 0.8 115 1.2 208 L6 350 a1 1900
2000 0108 03 0201 05 0.58% 0.8 11% 1z 214 16 3.60 21 30 2000
21250 0629 0.9 .27 12 2.28 1.7 184 2z 2250
2500 668 09 L35 Lz 241 A7 407 22 2500
750 [ 142 13 255 Ly 429 2.2 250
w0 |15 0.9 b3 r3 | 268 17 45 22 3000
3250 ] A , N 0.9 1.56 13 2.80 L7 471 2.2 3250
3500 0148 24 0.277 6.5 QA6 09 1.62 13 292 L7 4 2.3 4.0 3500
3750 015« 04 0288 05 GR3G  09 1.49 13 303 is ,m[. 5.10 23 3750

10




Hot and Cold Water Pipework Design Spreadsheet
Pipework Description.

Siudent / Project name.

Eifective Pipe lenaths

Pipe {Design Est Pipe [Measured [No. of T's No.elbow  NoValve No.Taps Effective
Section  (Flowis  |diam 1mis |length (m) |x Equiv L x Equiv L x Equiv L x Equiv L Length
Critical Run )
Pipe Effective Head Available Less residual| Total dP (Pa)| Max dP/m | Critical
Section_[Length {m)| Meters kPa Pa Heac req'd | Allowabie allowable | Run {min)
Pipe section sizing
Pipe Effective | Design Chosan | Relevant | dPforthis | Cumulative Avaliable Confirm
Section |Length (m}| Flow /s | Pipe diam|dP (Pa/m) section dP thisrun | Head (Pa) diam

11




Flow of fluids in pipes and ducts 4-15
Table 4.11 Flow of water st 75°C in medium grade steel pipes — continued .
“ o MEDIUM GRADE STEEL
g, = mass flowrate kg3t
e = velogity ms™ - o
Apdf = pressure drop per unit length Pam™ WATER AT 75°C
f, = equivalent length of a component
=1 m
AplE e 10 mm 15 mm {20 mm 525 mm 2 mm 40 mm | 50 mm e Apil |
€ 1 PR O R (P PP R T T PR O R R T 1
& 925 0020 03 O0pA0 605 10132 67 0247 L0 |05 LS 07T I8 185 24 2.5
& 95.0 0030 03 [ 0061 05 034 07 0251 i |osmw 15 0789 Q8 14k 24 35.0
075 0036 03 | 0062 05 013 07 0254 Le 053 15 0800 18 130 24 975
i 1000 0031 03 | 0se2 65 013 07 0258 S0 {0540 L5 08I0 & 152 24 1000
2 1200 | 0.30 0034 03 | 0058 a5 0152 47 0281 L0 [0595 15 0893 18 16T 24 1200
1400 003 03 0078 05 0165 0.8 |0308 Lo oei6 15 096 L& 181 25 1400
b 160.0 0040 04 0081 05 GA78 0.8 | 0331 L0 0683 1§ Lod L& 184 25 160.0
; 180.0 0042 94 0086 05 [R189 0353 L0 073 15 LIl B8 206 25110 180.0
# 0.0 0045 04 0091 65 |0200 68 0373 L 0780 L5 L7 19 (21 25 200.0
2200 0047 04 DOSE @5 | 0211 @08 0392 LS 08N 15 128 19l 25 2200
5 240.0 0050 o4 Jolce o5 0221 s 04 1P 0858 15 L2919 ) 240 25 2400
&, 2600 | 052 a4 | 0d0S @5 0230 08 0428 L1 0895 1§ 134 LY [250 25 260.0
b 2300 | 0054 64 |oioy oS 029 o§ o5 L1 09n L5 [139 L9 260 26 2800
& 300.0 005 04 | 0413 05 0248 08 0462 L7 085 15 [l L9 169 26 300.0
i 3200 | 050 Q058 04 | 0117 @S 0357 68 0478 17 [0998 i6 149 19 27 16 3200
340.0 0080 04 0121 45 0265 a8 0493 L1 | 103 16 15+ Ly 28T 18 3400
360.0 0062 64 0125 05 0273 0& 0308 L7 |10s 16 138 L9 19 16 3600 |
3300 0064 o4 0128 05 0281 08 0323 LI {169 L6 L& L9 34 Z6 3800 |
400.0 0055 04 0132 045 0288 98 0537 LI (L2 L6 ey Lo 312 26 400.0
420.0 0057 04 0135 05 037 08 0551 Ll (LIS L6 172 L9 320 2615 4200
0.0 0089 04 0130 05 0304 08 0564 L1 [1a8  de 176 1§ |3 28 4400
40,0 0076 o4 o014z 65 0311 o8 (0578 LI L2 L6 180 18 1336 26 460.0
480.0 o0i: a4 0145 05 0318 08 |03l LI 123 16 LB 1§ |43 26 4800
5000 0074 04 0048 05 0325 08 0603 L1 L2 L6 LAY 19 [ 151 26 5000 |
520.0 0075 04 0151 05 0332 p6l6 A7 129 1é 182 L9 | 338 26 5200
5400 L0077 04 0154 06 0338 062 A0 131 16 19 19 | 385 26 530.0
560.0 Lo0TR 04 0057 05 0345 0640 11 134 16 200 19 iV Zs 560.0
580.0 D080 04 0180 @5 0351 0652 L1 13 L6 |203 LY 378 26 <800
600.0 nOst 04 0163 06 | 0355 0664 S0 L3 Le 207 L9 385 26 6000
620.0 0082 04 0166 06 | 0364 0675 L1 141 16 l2w Lo 3sz 26 620.0
640.0 0088 04 Qaee 06 | 0370 068 10 143 L6 (214 L9 388 26 40,0
660.0 008 04 0172 06 | 03T 0.657 1A 145 16 {217 19 401 26 60,0
650.0 0087 04 074 06 | 0382 0708 10 148 16 |22z 19 4l 26 6500
700.0 0088 04 017 06 0338 o7te 12 D10 L6 22 LY 41T 26 700.0
7200 0089 04 01E0 06 | 0393 073 LI 152 A6 22 19 423 24 7200
T40.0 0091 64 0182 06 | 0399 0740 L1 (1S54 i6 231 20 429 26120 740.0
| TE00 0002 64 0185 06 | 0405 p7se L0 |1se 16 23 20 (435 18 760.0
B ] 7800 0093 04 0187 26 | DAID 0761 11 jusy L6 237 20 (441 28 TR0 |
& 800.0 0094 04 0190 06 0416 0771 L0 16l LS 240 20 446 26 8000 |
B 520.0 00e 04 0192 06 | 042 080 L1 163 L6 243 20 [ 452 26 §20.0
Ei 840.0 0057 04 0195 06 | 0428 0790 LI | 165 16 246 20 | 458 26 $30.0
& | 800 0098 04 0197 0.6 | 0431 0800 101 | 167 16 249 20 | 463 16 $60.0
ST o0 o4 | 0200 66 0437 0810 Lf |16 L6 152 20 |46 26 £80.0
; 900.0 0000 G4 10202 66 0442 08 0819 LI (171 L6 255 20 |4 16 S00.0
& 9200 o102 04 | 0I04 06 0847 0§ 0828 L1 | LT3 L6 258 20 | 480 26 4920.0
g 9400 0105 04 | 0207 @6 0452 0.8 0838 LI |17 L6 261 2D | 485 26 400
B 260.0 10006 04 | 0205 06 04T 08 0847 11 j176 16 264 20 1480 26 950.0
bl 980.0 l0105 04 |02 05 0462 o8 [0856 LI 198 16 266 20 [ 4% I6 | 9800
E 1040.0 o6 a4 | 0213 @6 vesT 08 | 0885 L1 B0 L6 [269 20 500 26 1000.0
= 11000 | oz od | 0224 06 0490 0.8 |os0e  BI 1se L6 [283 20 S26 27 15000
£ 12000 | 1.0 0117 04 102315 66 0513 68 |09%0 QF 19 16 j295 20 S48 27 1200.0
i 1300.0 0122 04 0245 06 0335 08 |0so0 i [206 16 308 20 572 27 1300.0
i 1400.0 0127 G4 0254 06 [05s5 08 103 Li 214 16 32w 20 ss4 27 1400.0
0 115000 0131 o4 0263 06 | 0576 o0& 107 Li 222 16 33 2e e 17 15000
> 1600.0 013 04 022 86 (0395 08 L0 L1 1223 15 34 20 636 7|39 1600.0
5 17000 0040 &4 028l 06 (0614 09 114 L2 |237 L6 A 0 !"5.55 27 17000
& 1800.0 0144 04 0290 06 (0632 08 [Li7 12 244 L6 24 20 676 27 1800.0
& 1900.0 0148 04 0295 06 |©0650 09 120 L2 250 16 A4 20 (684 17 1500.0
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C4-66 CIBSE GuIDE

TABLE C4.36. Velocity pressure loss factors for pipe fittings,
TEES AND JUNCTIONS

(Based on velacity pressure of combines flow. Factors rafer 10
) the branch Indicated by the subscript, 8.8, §3 i for flow o or from branch 2.)

CAVIRGING L fa oVEIGING iy

S : v
42 |
—

|

l

[

CONVERGING (
|

!

TOMNQUE TEE

1] oz { (31
+ . - B
S for bend faeror lov odorge / hieser Por pend H
of dlsaw e ment r redustion or o 1 A _L, A
where ierneatier | o Eree aipraslas :‘ - .:ﬂ'
- *

sppropive CONVERGING
(mw for artime ) T (h:-‘- for .m.,..) .
2 nint & faduction it ar fedesren ;, =45 (d «20mm)
wirere cores differ whes baws
_— Ay I Ty =30
REDUCTIONS ENLARGEMENTS
|Based on velocity pressure in smaeller pipe.] (Baged on velocity pressure in smaller pipa.)
i EA—,‘;‘ i e A
0 4] ¢ Vag| ¢
—_— — k
—— erremtes fow| S . Tr | G40
A L e —— Az A - A3
Ay " o2 |cspas |02 L W — — 0.2 | 0.65
0.3 |0.a5] 28 08 01 {os¢
VALVES i
|Figures are for valves fully cpen.)
) ObLIGUE ANGLE TGate NONLTETIGN | BUTTERRY PLUG T ousnarGl | Cooxertar |
. / m
. =Z-£ % P ==
[ = s Nl ::ﬁz:::
d o ¢ for A"’*l e Lior O T -5__,. L
87 ] 10, 5 M 3 0.5 g 4 " i
s l— 2|l |3 8 ;=50 % toa (=20 "B a1 1T X 7.4 c=w
25 |0 7l (18 4 w© 0 o2 PO o e o
|7 siso 13 28 - l 3. .0 : - )
275 | & 4 fa7s 1 1020 275 0.1 a.3 X} 1.0 0.4 Ve=lui 0.5
OTHER ITEMS
I— - : -
COLWMM  RADIAIOR PAMEL RADIATOE BECTIONAL  RORIER TUBE BOWLER LARGE_VESSELS
ENTRY
(=50 TUDUU (=28 %:Eul (=15 g8 g =80 _I L f=10
i 1 = e e T
‘ : " T
ELBOWS AND BENDS
- T - ] -
TrFE 025 o] 22-50 m{h -';am4 2| TYPE ha -ﬁm!lﬂ-_’ﬁm—lﬂ!-ﬂmnl r'lﬁﬂ’m'1
MALLEABLE f 1 FLANGED CAST
gAsT ._';3: 1] 34 0.6 0& Hloair 7 o8 0.5 05 oS
MALLEAELE WLGED MILD
AT Jm. ﬁ 0.6 o8 05 0.5 oyt 0.4 0.4 03 03
WALLEABLE WELDED WILO
mmcu f 0.7 0.5 04 D4 e o4 o3 03 02
SCRENED f
CORFEA FIPE —
:Iél._lhsﬁill. 07 05 ¢4 03 TLbow éﬁ L] c.e n!-___‘,F
A RoN 07 o8 0B - PANEL RETURN 0.6 R,
RETUAN ZEND FENG
Notes to Table C4.36.
Convergeni flow af juncrions Valves . )
Where the velocity of flow in one branch of a tee, at a converging Individuzl designs may show wide variations over the vslues
junction, is high relative 1o the velogity in the other, the pressure tabutated. .
Joss factor for the latter may be megative due to the Injection Radiators ) )
effect. The resistance fo Now through a cast fron column tadistor with

§cotumns may be approximated by: p = 5720 M 57

Topers
Where the included sagls is 107 o less, take a factoz of 0.2 for an Specialist equipment )
enlargement and igncre fer & contraction. Menufacturars dats should be consulted in thos: cases.
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Table C4.33. Velocity pressure in Pa against velacity in m/fs.

Velocily (mafs) [1] o1 02 03 04 28 06 07 [ 2] .09
0 000 oM (13174 005 010 015 022 29 038 049
i 0-€0 053 0-86 1-01 1-18 1-35 1-54 173 1-94 217
2 2-40 2-65 290 317 46 373 4-06 437 470 505

‘3 5-40 577 614 653 604 7-35 T8 821 866 913
4 9-€0 16-09 10-58 11-09 1162 1215 12:70 1325 1382 1441
5 15-00 15-61 1622 1685 17-50 1815 18-82 19-49 18 20:89
6 21-60 22-33 2306 23-81 24-58 25-35 26-14 2693 2774 28-57
1 2940 30-25 3110 319 32-86 3375 3466 3557 3650 3745
8 3840 39-37 40:34 4133 42:34 4335 4438 45-41 4616 47-53
9 48-60 -69 5078 51-89 5302 135 5530 56-45 5762 58-81

10 6000 61:21 6242 6365 6450 6615 67-42 6869 6993 7129

11 72:60 73-93 7526 76+61 7798 79-35 8074 £2:13 8354 8497

12 B6-40 87-85 §9-30. 9977 92:26 9375 95-26 9677 93-30 9985

13 101-40 102:97 104-54 106-13 107-74 10935 11098 11261 11426 11593

14 11760 119-29 120-58 122:69 124-42 126:15 127-90 129-65 13142 13321

15 13500 136-81 13862 140-45 142-30 144:15 14602 147-89 14978 15169

16 153-60 155-53 15746 159-41 161:38 163-35 16534 16733 169-34 171-37

17 173-40 175-45 177-50 179-57 1£1-66 18375 185-86 18797 109-10 192:25

18 194-40 196+57 19574 200 20314 205+ 207-58 209-81 21206 21433

19 21660 218-89 221-18 223-49 21582 22815 230-50 232-85 23522 23761

0 24000 242-41 244-82 7-25 249-70 25215 254-62 25709 259-58

21 264-60 267-13 269-66 272-21 27478 277435 279 282-53 28514 28777

22 290-40 293-03 29570 298-37 301 203-75 306-46 309-17 31190 41365

23 317-40 320-17 ng 32573 328-54 331-35 334-18 33701 339-56 34273

24 345-50 348-40 351-38 354-29 35722 360-15 363-10 36605 36502 37201

25 375 37801 381-02 384-05 387-10 39015 39322 29629 39938 40719

26 40560 408-73 411-86 41501 41818 421-35 424-54 42773 43094 | 43417

27 437-40 440-G5 4439 44717 450-46 45375 45706 460-37 46370 | 46705

23 47040 47377 47114 53 | 48394 48735 490-78 494:21 497-66 501-13

29 504-60 508-09 511-58 51509 518-62 522-1 52570 52925 532-82 53641

30 540-00 543-61 547-22 550°85 554-50 558-15 561-82 565449 56918 57289

31 57660 580-33 584-06 587-81 591-58 59535 509-14 602 GO6-74 610-57

2 61440 618-25 621-10 62597 629-36 633-73 £37-66 641-57 64550 649-45

13 653-40 65737 661-34 66533 669-34 G73-35 67738 65141 68546 689-53

24 693-60 697-69 7017 70589 710:02. TI4-15 718-30 722 T26-62 730-81

35 73500 739-21 74342 74765 751-90 756-15 ki 764-69 TG8-98 77329

36 77760 781-93 78626 790-61 ¥ 799-35 E0374 80813 812-54 816-97

37 821-40 825-85 83030 83477 83926 84375 B48-26 852-17 85730 86185

3B 866-40 870-27 87534 BE0-13 88474 BE9-35 893.98 898-61 903 90793

39 012-60 917-29 921-88 92669 231-42 93615 -90 945-65 95042 95521

40 960-00 964-81 969-62 97445 97530 98415 089-02 993-39 99878 | 1003-69
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HFLOW OF FLUIDS . g

TABLE C4,35Nelocity pressura loss factors for duct fittings — continued

RADIUS BENDS
{Factors refer to the velocity pressure in the duct.)

CIRCULAR  DUXCTS. B=§0°

RECTANGULAR DUCTS, 8=90"

y, Mo.of 1 y
pces | G [ s =2 =2
Iu]bd 034 024 0313 o2

odé 040 042 0.4é
Q42 034 032 034
038 030 036 0286

T
L.

w

% =1 £ ‘ = =3
™ 0.2 {047 044 040 043 L
. 0.4 (036 033 028 O3 Hailtipilying
. 0.5 [0.2F 022 020 0322 | 8 |focton fur
. 0.7 024 OME 018 0.8 far @5 70"
1.0 023 o4 013 cu | 30 03

v 0°| o5
! 15 Jom or2 omr on | 450 0.8
25 [g20 om oof o |s0%| pg
n 40 (022 ol G0 0g0 | 25T 0.7
&0 [026 o014 om onm | w0® Lo

- MITRE BENDS
{Factors refer to the velocity presure in the duct.)

L=d; f=0.2105 )

g=128 =122 =02 T=0.47

§=0.35 82 | 0.5
[or momdoruren” o4 0.4
dotal

e lawds [=0.8 (GLg)

Lelod; {=Qp+l,

RECTANGULAR DUCT BRANCHES
[Factors refer to the velacity pressure i the branch indicated by the subsript, e.4. &, 15t be used with the velosity prassure in branch 2.} *

2ol e | W] G
(0.6 | 034 |06 |350bend lon
0.8 |0 ||ds he—=—
e | 0o R Le 110 —=—
12 |oas | w2 llo——

044 fo6 | Lo
ooP o8 |0Fe
o |0od [ o 1055 | ik bend boss focter with
2 ooz f12 [ous | enbry velosily

%-'-'a'}-’q‘:

RECTANGULAR DUCT . CIRCULAR DUCT BRANCHES
BRANCHES —continued {Factors refer to the velocity pmuﬂr:ln !he'h.r:“h Inﬁtsd‘b!‘ﬂ;;]m . &, s to be used with
PLEMUM  CHAMBER ' 90% pmamCH 45% BRAMCH COMICAL mhmﬂ
Il e
— ’ 5— —l 2 | B &'/ Eak I |
% il 06 | 37 I o6 | 13 h = o6 |20
0.8 | 2.3 o8 | &7 o8 | 12
I il Lo T 1.0 | 0.4 1.0 | 08
Ty =3 1.2 | 14 .2 | o4 12 | 08
Motes to Table C4.35, T it dpcts have splittrs, the stuaght duct ietion loss
* through sach component part thould bo-consdered.
Pt "Ftlhevnhmfw the pressure Ioss factors quoted hese assume fhat

Wheze beands tur through angles of less than 90°, the pressue Joss
factor may be presumed to vary in the proportiom ¢/90 unless
atated otherwise.

Changer of {eransitions)
For tapered changes of shape where 8 < 60° and A, = A, the
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the approaching velocity profile i regular. Any eccoutileily or
gf:w?%mmwwmwmhm.

Diameters _ .

For tectanzular ducts, the hydmulic mean diameter a8 gﬁec_l‘_bf



TABLE C4.35Velocity pressure loss factors for duct fittings.

DUCT ENTRIES DUCT EXITS
(Factors refer to the velocity pressura gm‘um“;::;:’mlr‘;:‘?:&ﬂ‘ CONTRACTIONS ENLARGEMENTS
in the duct.) _rw‘ {Fzctors refer to the [Factors refer to the -
ty | at the velacity pressure at the
emaller .-Ima.} smiller area,)
V/ A, V/ e J A prepe —
- —— ——
t=0.3 £=0.55 =10 I-10
FLANGE BELLMOUTH DJFIE!_E_A ) Az A} —— a3
v | e WS Ll 1 I L_
[ —— . d Ay I8 e Ay
i s s
Sl V/ 7777 A % - A
$30. =05 % | o | ¢
rs ™ =0,
vs %, o0 5‘: reors 9.5 | 037 0.25 | 0.56
=%y, =0 e 1 03 | 034 03 | oy
FEBUTING o/jz ;;;f“l .?-.%d“[ gg__“L 1240° 035 | 0.32 0.35 | 0.42
3 . A 086 | X . X
6 | oss os4 o o8 ois| o2 ois| aso
0.5 048 058 070 O7% . .
Ay g 04 0.40 0.5 0.465 0.7
& — Zy [sd]esf[andl 02 | 034 o048 062 073 | 0.5 | 023 o5 | 025
A Y A ORIFICE 0.55 | 0.9 €55 | 0.20
12 |0.25 032 Q40 o6 | ot ot | 016
}/ ‘/- ; / 15 joaz 021 03 / oes | a2 o865 | .12
20 |oaz o; am —444 _ 0.7 | oo 0.7 | oop
25 |pa2 020 o3 Ay ——— 3
OMFICE 7777j GRADUAL GRADUAL
. ‘}o“‘l [4 l%' '3 {a)
_K‘ i P - 05 | 57 0.5 7.8 s /
) ! os | 20 o6 | a7 = ==
/ 07 | uE o7 | 20 =8 - —
08 | 12 0.8 | 20 _\\_
o 0.7 ey | 13 {b)
10| o5 10 | 1o —}\_
SIDE . ENTHIES HOCDS HOODS o e
ta) s (o) b
re /“““\-\..- Y ---‘/-hhh“ ‘ —
l :m: 0o 0.07 ‘
45 04 02 §-
P g 4 4 4 40° 0.07 od ——
CRIFICE Multiphying foctars
u%l 14 ——r— L] 1a ba cpplied 1o
04 | s Kl B S for obript fitings
04 | 78 ¥ . S | - — . -
b TRl T e ' % 1% g | ® e | ox  oe
0.2 A 1.8 0.2 5.3 23 1A 0.1 10° 0-6 0.8
1.2 2.0 0.4 1.8 1.4 0.4 1.7 1.4 V2 0.4 D. ) 1 Iu
14 | 18 0.6 1.4 1.2 o6 12 44 1.0 ot o |
1e | 12 Lo | 1 1 10 | e vo v | 20 sa 10 0
18 112 20 | 40
OBSTRUCTIONS -
{Factors refer to the velocity pressure in the duct.)
STRUTS 45° LOUVRES WIRE MESH PERFORATED SHEET OFEN  DAMPERS
- W@ A Wy k7
A ELI1Ay Free Fren N o
- - / / / i‘l’f‘u ‘ Ao top ﬂi: ;
1T NG n
............. jL '_:.92 7 L:tl:u:ﬂ:o‘;:a 0z |8 =05
= 03| &2 5% 00 n:uoa [
o T ;"; 04| a0 n:':n:ﬁau:g a4 | &3
o0 o e
i { wie { @ [ B ] ¢ ===l e :::’qv":':":“ bl et D O —
1 [[m | @ e los|eo 25 30 o6l 10 ne | 2.0
o5 |40 20 09 |es| 36 30 18 07| 0¢ 0.7 | 10 g=02
65| 14 06 02 o7 | 24 2 L1 0.8 | 03 o8 | 04
o) (07 02 o1 0.8 16 14 0.7
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