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Instructions
Answer FIVE questions,
All questions carry equal marks.

Examiners: Mr. Will Bateman

Dr. Mervyn Smyth
Mr. Declan Leonard

Reference Material to be nrovided. Ouestion | Location
1. Table 1. 2. 3and 4 — Hot and Cold Water Pine work Design o1 (attached)
2. CIBSE Table 4.13 Page 4-23 — Water 75°C Copper Pipe. (0] (attached)
3. Hot and Cold Water design Soreadsheet (0] (attached)
4. CIBSE Table C4.11. Page 4-15 - Water 75°C Med Grade Steel | Q4 (attached)
5. CIBSE Table 3.17 — Heat Emissions from single horiz pipe. 04 (attached)
6. CIBSE Table 4.36. -Velocitv press loss factors for nine work 04 (attached)
7. Ductwork Design Sheet 05 (attached)
8. CIBSE Fig C4.2 — Pressure Drop for air in galvanised circ ducts | O5 (attached)
9. CIBSE Table 4.42 — Velocitv pressure of air. 05 (attached)
10. | Table 4.35. —Velocitv press loss factors for duct fittings. 2pages | O5 (attached)




Q1 (a) Under EU guidelines list five general conditions that specify the quality of water for

human consumption. [5 marks]

(b) For each of these five conditions, list a water treatment process that would be used to

achieve that condition. [5 marks]

(c) Determine the most economical diameters of the copper distribution pipes labelled AB,
BC, etc in Fig 1.1 below. The pipe work is located in a domestic house.
Reference - Tables 1, 2, 3 and 4 — Hot and Cold water pipe work design.
Reference — CIBSE Table C4.13 — Flow of Water at 75 Deg C in Copper Pipe.
Fill in the relevant data on the Hot and Cold Water design spreadsheet supplied.
Ensure you put your name on the sheet and attach the sheet to your answer book.

Show all rough work used to calculate the initial flow rates in each section. [10 marks]
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Q2 (a) A flat roof consists of 150mm thick concrete covered by 20mm layer of asphalt.

The inside surface has a layer of 50mm thick expanded polystyrene insulation, supported

by a 13mm plasterboard and has a 5 mm coat of plaster on the inside.

The internal ceiling and external surface of the asphalt have a low emissivity.

The roof is in a sheltered location.
Calculate the U Value for this roof if the Thermal conductivity (k) of the individual

layers are as follows, all units W/m °C

Asphalt 0.7

Concrete 2.0

Expanded Polystyrene 0.04

Plaster board 0.25

Plaster 0.4

Tables for — Rsi Table 3.9, Rse Table 3.10 below as reference
NB Use resistance data for BS EN ISO 6946

Table 3.8 Imcerpal

surface resistance, K

[6 marks]
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(b) Calculate the additional thickness of expanded polystyrene insulation required to

improve the construction to achieve a U value of 0.22 W/m? °C to comply with current

building regulations.

[4 marks]



(c) Calculate the total heat loss from Bedroom No 1 as shown in Fig 2.1 attached when using

convective heating.

(10 marks)
3000mm
Window
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x 1000 High
S —T
U-Values W/ K
Floor 0.3
External Wall 0.4
T £ Internal Wall 22
[:::} £ Windows 2.8
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Q3 (a) Fig 3.1 shows an un-insulated mild steel Two Pipe Parallel LPHW heating system with
four sections. Bends are welded mild steel elbows.
The primary calculations of pipe sizing and pressure loss for sections 1, 2, and 3 have
already been found and are listed in Table 3.2 below.
For pipe section 4 calculate the pipe diameter required to supply the heat load given that
the 6kW load is part of pipe section 4. Show all rough work calculations.

Compare the actual heat loss from the pipe work in section 4 against the theoretical.

Tables C4.11, and C3.14 attached for reference. [10 marks]
FIG 3.1 LPHW HEATING TWO PIPE PARALLEL SYSTEM
\’L“‘\“ /\
s
< QO\*‘l
BOILER
CIRCULATION PUMP SPACE TEMPERATURE 18.5 DEG C
ISOLATION VALVES FLOW TEMPERATURE 87 DEG C
RETURN TEMPERATURE 70 DEG C
S TARGET VELOCITY OF FLOW 1mis
e EMITTER HEAT CAPACITY AS SHOWN
sy SPECIFIC HEAT CAPACITY H,0 4.2 kJ/kg K
Table 3.2. LPHW Sizing Sections 1, 2 and 3.
Cumulative Heat | Calculated | Calculated | Effective | Delta P | Section
Pipe Loss mass flow | Pipe Diam | Pipe Pa/ m delta P
Section | (kW) (kg/s) (mm) Length(m) | run (Pa)
Sect1 | 14.9 (Sect 1) 0.202 15 44.7 900 40230
Sect2 | 8.10 (Sect2) 0.117 10 17.8 1200 21360
Sect3 | 24.2 (Sect 1+2+3) | 0.386 20 15.1 700 10570
Sect 4

(b) For pipe section 4, calculate the effective length of the pipe work plus fittings and their
associated pressure loss. Combine these results with existing results in table 3.2 to establish
the duty and head of the circulating pump required. Tables C4.36 attached for reference.

[10 marks]



Q4 (a)

(b)

(b)

(©)

Q5 (a)

(b)

(©)

(d)

Explain the terms BMS and BEMS. [2 marks]

Describe how a BMS LAN might be configured to allow monitoring and control of a large
number of pieces of equipment within a site. Use a sketch to support your description.

[6 marks]
List three items of hardware associated with a BMS system and briefly explain the
function of each item within the system.

[6 marks]

With the aid of a neat sketch show how a BMS system might be linked to the various
components for the optimum control of a Fan Terminal Unit used for room heating.

[6 marks]

Ventilation is the process of changing the air in a given space.
List six reasons why ventilation is needed. [6 marks]

Air conditioning is the process of treating air to meet the requirements of the conditioned

space. List four items treated during air conditioning. [4 marks]

Briefly describe three types of air filters that may be found in air conditioning systems

indicating how each works. [6 marks]

Air conditioning can be achieved using “centralised air conditioning systems” or “Split

unit Heat Pump systems”. List two advantages of each system. [4 marks]



Q6. (a) 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]

(b) 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]
Table 6
No. (1) (i1) (iii) (iv) (v)
Class A B C D E

Fire Type | Wood & | Petroleum Gases Inflammable | Electrical

textiles metals

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

relevant fire. [4 marks]

Q7 (a) The industrial revolution began about the mid 1800’s. Since then there have been huge
advances in technology. Explain briefly how and why these advances have had a

negative impact on our global climate. [6 marks]

(b) List 3 types of pollutants that have increased dramatically with increasing
industrialisation. For each list typical sources, impacts and possible controls to minimise

their future impact. [9 marks]

(c) Explain the term EPA and explain this organisations role in pollution control in Ireland.
[5 marks]
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Reference Maferial tobeprovided. | Ouestion | Location |
1. Table 1. 2, 3and 4 — Hot and Cold Water Pipe work Design Q1 {attached) _
2. CIBSE Table 4.13 Page 4-23 — Water 75°C Copner Pipe. 0l (antachedy
3. Hot and Cold Water design Spreadsheet 01 (attached}
4. | CIBSE Table C4.11, Pace 4-15 - Water 75°C Med Grade Sweel | O4 (attached) |
5. {attached)
6. 3 | (attached) |
| 7. Ductwork Deswen Sheet . s | fatached) |
1 8. | CIBSE Fig C4.2 - Pressure Drop for aiy in gelvanised cire ducts | Q3 (atrached) |
19, | CIBSE Table 442 - Velocity pressureof air. | Q5| (avached) |
"1,_(0 | Table 4,35, —Velocity press loss factors for duct fittings. Zpages | OS5 (attached) | .
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Flow of fluids in pipes and ducts 4-23
Table 4.13 Flow of water at 75°C in copper pipes — contirmed
' } COPPER, TABLE X
g, = mass flow rate kgs!
¢ = velocity m.s™' o
apfl = pressure drop per unit length Pam~' WATER AT 75°C
[ = equivalent length of a component
forf =1 m
Apfl ¢ 12 mm 15 min 22 mm 28 mm 35 mm 42 mm s apil
PR DO P A T PP D P [ .|k
925 0022 03 004y 04 0L a8 0.242 LI | 0437 15 0737 20 92.5
95.0 0222 03 0042 04 0122 08 0.246 L D444 1S 0.748 2.0 95.0
97.5 0022 03 0.042 04 0.124 0.8 0.250 Ll 0456 IS 0759 2.0 97.5
100.0 0023 43 0.043 04 0125 08 0.253 Ll 0457 15 0,769 2.0 100.0
1200 § 0.3 0025 03 D047 05 0.139 0.8 0.281 L2 0506 16 0832 20 120.0
1400 ¢ 0028 0.3 0.052 0.8 {152 0.8 0.306 L2 0.551 1.6 0.928 2.1 L4400
160.0 0030 0.3 0056 05 0164 0.8 0.330 12 0594 16 1.00 2.1 160.0
180.0 0032 03 0060 05 0Li7s 08 0.352 L2 0635 16 1.07 2.1 180.0
200.0 0.03¢ 04 0.064 4.5 0186 0.9 0374 L2 0673 L7 113 2.2 200.0
220.0 0036 04 0.067 0.5 0.196 0.9 0.394 L2 07l L7 1.19 2.2 1.0 2200
2400 0038 04 0.07L [ 0206 0.9 0.414 L3 0.745 1.7 1.25 2.2 240.0
260.0 0039 04 0074 05 0.215 09 0.433 L3 077% 17 1.31 22 260.0
2800 0041 0.4 0077 05 0.224 0.9 0.451 I3 0812 L7 1.37 2.2 2800
300.0 0043 0.4 0.080 03 0.233 09 0.46% L3 0844 17 1.42 23 300.0
3200 | 035 0044 0.4 0083 08 0.242 @9 0.486 L3 0874 1.8 1.47 2.3 3200
340.0 0046 04 0086 05 0.250 @9 0.503 L3 0904 1.8 1.52 2.3 340.0
3600 0.048 14 0089 05 0.258 09 0.51% L3 0934 18 157 23 360.0
3300 0049 0.4 0092 05 0.266 0.9 0.535 L3 0962 1.8 162 23 380.0
400.0 0.050 04 0.094 05 0.274 0.9 0.551 L3 0990 1.8 1.66 23 400.0
4200 0052 0.4 0.097 05 0.282 0.9 0.566 L3 1.02 1.8 1.71 2.3 420.0
440.0 0053 04 0.099 05 0.289 @9 0.58] 14 1.04 18 175 2.4 440.0
460.0 0055 04 0102 05 0.297 1o 3.595 4 1.07 18 1.80 2.4 1.5 460.0
480.0 0036 0.4 0.104 0.6 .304 1.0 0610 14 1.50 1.8 1.84 24 430.0
3008 0057 04 0107 06 0311 L¢ 0.624 14 1.12 1.3 1.88 2.4 500.0
5200 0059 64 0,109 0.6 0318 L0 0.637 r4 115 18 1.92 2.4 520.0
540.0 0060 0.4 0112 06 0324 10 0.651 L4 1.i7 1.9 1.96 24 540.0
560.0 0081 0.4 0114 0.6 0331 1o 0.664 L4 1.19 L9 2.00 2.4 560.0
5800 0082 04 0116 06 0.338 Lo 0.677 L4 1.22 19 2.04 2.4 580.0
600.0 0054 04 0119 06 0.344 L@ 0.650 I4 1.24 19 2.08 2.4 £00.0
6200 0065 0.4 0121 06 0.350 Lo 0.703 14 1.26 1.9 242 2.4 £20.0
640.0 0066 0.4 0123 06 0.357 Lo 0.715 14 1.28 1.9 216 2.4 £540.0
660.0 0067 0.4 (0,125 0.6 10.363 Lo 0.728 I4 1.31 1.9 239 25 4600
680.0 0.068 0.4 0.127 0.6 0.369 Lo 0,740 I4 1.33 1Ly 2.23 25 6800
700.0 00659 0.4 0129 06 0.375 Lo 0,752 L4 1.35 19 2.26 2.5 TO0.0
7200 0070 0.4 0131 06 0381 Lo 0.764 14 1.37 19 230 25 720.0
7400 0072 04 0,133 06 0.387 Lo 0.775 14 1.3% 1.9 2.33 2.5 T40.0
760.0 0073 04 0135 06 0.392 Lo 0.787 14 1.41 L9 2.37 2.5 760.0
780.0 0074 04 0.137 08 0398 Lo 0,798 14 1.43 19 240 2.5 2.0 780.0
500.0 0075 0.4 0.139 2.6 0404 1.0 0.810 Id 145 1.9 244 2.5 300.0
8200 0076 0.4 0141 06 0409 Lo 0.821 4 1.47 1.9 248 25 320.0
840.0 0077 0.4 0143 06 0415 L¢ 0.832 13 1.49 e 2.50 2.5 340.0
860.0 0078 0.4 0145 06 042 Lo 0.843 s i.51 19 254 2.5 B60.0
380.0 0079 094 0147 06 0.426 10 0,853 L5 1.53 20 157 2.5 £80.0
900.0 0080 0.4 0.14% 2.6 0.431 1.0 0.864 15 155 2.0 260 2.5 900.0
920.0 0.08F 0.4 0151 26 0437 Lo 0.875 I3 1.57 2.0 2.63 25 920.0
940,0 0082 094 0133 06 0442 L0 0.885 LS 159 20 2.66 2.5 940.0
960.0 0083 04 0154 06 0447 10 0.896 L5 1.61 20 269 2.5 960.0
980.0 0.084 0.4 0156 0.6 0452 Lo 0.986 L5 1.62 2.0 272 2.6 980.0
o000 | 1.0 0.085 0.4 0.138 06 0457 Lo 0.916 Iy 1.64 2.0 295 2.6 1000.0
1100.0 0.090 09 0.167 06 0482 Ll 0.965 1.5 173 20 290 2.6 1100.0
1200.0 0094 0.5 017 06 0506 IJ 1.01 L5 1.82 20 3.04 2.6 1200.0
1300.0 0.008 0.5 0.183 06 0329 1) 1.06 LS 1.90 2.0 318 2.6 1300.0
1400.0 0103 05 0.191 6 0.551 11 Lo L3 193 2.0 331 2.6 1400.0
1500.0 0.107 0.5 0.198 06 0573 LI 115 I3 .05 2.1 344 2.7 1500.0
1600.0 011k @25 0.205 36 0593 1} L9 Ié Z13 2 3,56 2.7 30 1600.0
1700.0 0114 0.5 0.213 &6 0.614 1.1 1.23 Ie 2.20 21 368 2.7 1700.0
1800.0 0.118 0.5 0219 06 0633 11 1.27 L6 227 21 3.80 2.7 1800.0
1900.0 0122 05 0.226 a7 0.653 id L.3]1 L6 2.34 21 391 2.7 1900.0
2000.0 0125 0.5 0233 07 0.671 L 1.34 1.6 2.40 2.1 4,02 2.7 2000.0

10



Hot and Cold Water Pipework Design Spreadsheet
Pipework Description.

Student / Project name.

Effective-Pipe lengths: -

MNo. of T's No. elbow

Effective

Pipe Design Est Pipe  |Measured No.Valve No.Taps
Section |Flow /s |diam 1mss |length (m) [x EquivL x Equivi X Equivl X Equivl Length
__AB. TS S SN O VOO FAUN .
B e RSN SO SO: NOSOUSRO NUOUUR N
..... CD e
..... DE e
B> VUSRI ISR NS ST TR SUUNRURUSRROSIN: SOURORRY
..................................................... EEEEE -:. mresremasbonacaaanaaaaa - - EEr CP e

[Critical Run

v A

Pipe
Section

Effective
Length {m)

Meters

Head .Ava'riable“

Léss residual
Head reqd

Aliowabie

Total dP (Pa)

Wiax aP / m
allowable

Critical
Run (min)

e T T LI TT Trrrrreee

[Pipe Secton sizing:

Pipe
Section

Effective
Length {m)

. Désig n
Flow Ifs

Chosen
Pipe diam

Relevant |
aP (Pa/m)

ap for this
section

dP this run

Cumulative

~Avaliable
Head (Pa)

[ Con'ﬁrm

diam

[ - ssesascssfuirssnenmmnnn L E LT srssErssussuns - T T B L
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Flow of fluids in pipes and ducts 4-15
ble 4.11 Flow of water at 75°C in medium grade steel pipes — continued
™ e grade sieel o MEDIUM GRADE STEEL
¢, = massfow rate  kgs™
¢ = velocity m.sh . o
Apfl = pressure drop per unit length Pam™! WATER AT 75°C
! = eguivalent length of a component
for = | 1]
Apft € 10 mm 15 mm 20 mm 25 mm 32 mm 40 mm S0 mm 1 Apit
PN D N O P T S (7SN U T MO A S L &
92.5 0020 03 0060 05 |0132 a7 0.247 10 | 0518 LS Q78 18 145 24 92.5
95.0 0030 03 0061 05 0134 07 02510 Lo | 03526 L5 078% 18 148 24 95.0
97.5 0030 03 {0062 0.5 0136 07 0254 Lo | 0.533 15 0800 18 150 24 97.5
1000 0031 03 | 0082 05 0138 07 0258 L0 | 0540 L5 08I0 18 152 24 100.0
1200 | 0.30 0.03¢ 0.3 | 0089 65 0152 07 028 L0 0595 L5 0.883 1.8 167 24 120.0
140.0 0037 03 0075 05 0165 08 [0308 J0 0645 15 0868 L8 LBl 2.5 140.0
160.0 0040 04 0081 05 Q178 08 (0331 L0 0693 15 104 Lg 194 2.5 160.0
180.0 0042 04 00% 05 [0I8% 08 0353 Lo 0738 i5 LI L& 206 25|10 . 180.0
200.0 0045 04 0691 05 |0200 o0& 0373 L1 0780 45 L7 19 | 218 25 200.0
220.0 0047 04 00% 05 | 0211 o0& 0392 11 080 15 128 19 112 2.5 220.0
2400 0050 04 |i00 05 0221 a8 0411 L1 0858 15 L29 19 | 240 25 240.0
2600 0052 04 {0105 045 0230 08 0428 LI 0895 LS5 1.3 1.9 | 250 z5 260.0
280.0 0054 04 |0109 05 023 08 0445 L1 0931 LF | L¥ Lg 260 2.6 280.0
300.0 0.05 04 |03 05 0248 08 0462 L1 0565 1S5 144 Ly 269 2.6 300.0
3200 | 0.50 0.058 04 | 0117 05 0257 08 0478 1] 0998 L6 149 e 78 26 3200
340.0 0060 €4 0121 05 0265 08 0493 Il L0 s 15 19 287 2.6 340.0
360.0 0062 o4 0125 845 0273 04 0308 L) fLO6 g 159 1.9 2.9 26 360.0
38000 0064 04 0128 05 0.28] 0.8 0523 L0 | 109 L6 163 19 304 26 380.0
400.0 0065 04 6132 05 028% 08 0337 LI | Liz L6 168 19 312 2.6 400.0
420.0 0.067 04 0135 05 0297 08 0551 L1 1115 16 L72 1.9 320 26 | 1.5 420.0
440.0 0.069 04 0139 05 0304 08 0364 LI §LIS Lo 176 19 | 328 2.6 440.0
460.0 0070 04 0142 05 031 08 (0578 LI L2 16 180 19 | 336 26 4600
480.0 0072 04 0145 05 0318 08 | 0581 LI 123 L6 L4 19 | 343 26 4300
300.0 0074 04 0148 05 0325 08 |0803 LI L3S 16 188 19 | 351 2.6 5000
520.0 0.075 04 0151 85 0332 08 [0sl6 L] L2 Le 192 19 | 358 26 520.0
540.0 0077 04 0154 46 0338 08 |0628 LI 131 16 196 1.9 | 365 2.6 540.0
560.0 0.078 (04 0057 66 0345 08 | 0640 LT 134 L6 1.9 1372 26 S60.0
580.0 0.080 04 080 06 0351 08 | 0652 LI 136 i6 |[2.03 19 378 26 580.0
#00.0 D081 04 Q063 06 (0355 08 0664 LT 138 16 | 207 19 385 26 600.0
620.0 008z 04 . 0.166 06 0364 0F  06VF LD 141 Le | 210 19 392 26 620.0
640.0 0084 04 016% 06 |0370 0.8 068 LI 143 16 |24 19 398 2.6 640.0
660.0 0.085 04 0172 06 (0376 08 0697 LI 145 L6 | 117 19 404 26 660.0
680.0 D.ORF 04 0474 06 | 0382 48 0708 LI 148 1 | 221 19 411 26 680.0
700.0 0088 04 0177 06 |0388 & 0719 LI | 150 6 224 19 417 26 0.0
720.0 0088 04 0180 06 | 0.393 a8 0730 i 1.52 ie 217 L 423 2.6 7200
740.0 0091 04 0182 06 [039% 08 0740 LI | L34 16 231 20 429 26 | 20 740.0
760.0 0092 04 0185 06 jO405 08 0750 L@ | 156 16 134 2.0 1435 2.6 760.0
780.0 0093 04 018 06 (0410 08 0761 L1 159 16 237 20 | 441 2.6 780.0
800.0 009 ¢4 019 06 0418 08 0771 L1 {161 1.6 140 20 | 446 2.6 8OO0
820.0 0.096 04 0192 06 |0421 0.8 0780 LI {163 16 243 2.0 | 452 2.6 820.0
840.0 0097 04 0195 06 | 0426 08 0790 LI | 165 16 246 2.0 | 4.58 26 2400
860.0 0098 04 0197 06 | 043] 0.8 0800 L1 | 167 L6 249 20 | 4.63 26 860.0
880.0 0009 04 10200 06 0437 08 0810 L1 {169 16 252 2.0 | 4.69 26 830.0
900.0 0100 G4 {0202 06 0442 08 0Bl9 L1 | LT1 L6 255 20 | 474 26 900.0
920.0 D0z o4 0204 06 0T 08 DB LI | LT3 16 258 2.0 | 4.80 26 920.0
940.0 0,108 (4 | 0207 66 0452 (08 0838 L1 | 175 16 18] 2.0 | 485 26 940.0
960.0 0.104 04 | 0209 06 0457 08 0847 LI | L6 L6 2164 20 | 49 26 960.0
9800 0105 04 | 0211 66 0462 08 | 0856 Ll 178 16 266 20 | 495 2.6 980.0
1000.0 0106 04 {0213 06 0467 08 | 0865 LI 150 L6 1269 20 500 26 1000.0
FLO0.0 0.112 04 [ 0224 06 0490 08 [050% LI 189 16 | 283 20 526 2.7 1100.0
12000 | L0 0007 04 | 0235 66 0513 08 |05%0 LI 198 1.6 |29 20 549 27 1200.0
1360.0 0122 04 0245 06 0335 0.8 | 099 L1 | 206 16 308 20 572 27 1300.0
1440.0 0127 04 0254 06 | 0555 08 LO3 il | 2l4 Lé 320 20 354 27 L400.0
1500.0 0131 04 0263 0.6 0576 0.8 107 L1 | 222 L6 331 2.0 616 27 1500.0
1600.0 0136 04 0272 06 | 0595 0.8 LI i1 229 L6 342 .0 636 27|30 1600.0
1700.0 0140 04 0288 06 | 0814 0.9 114 12 1237 L6 353 . 20 | 636 27 1700.0
1800.0 D44 04 0290 06 (0632 0¥ | Li7 L2 1.4 Le 364 20 | 6796 27 1800.0
1900.0 0.148 04 0298 0.6 0850 0% | 120 12 250 Lé 374 2.0 | 6.94 27 1900.0
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Table 3.17 Heat emission from single horizontal steel pipes (¢ = 0.95) freely exposed in surroundings at 2000

Temp. difference

Heat emission/W.m ™! for stated pipe nominal size* and curside diameterf d,, (wm)

b:[ween;urfaccimd *1S 2 25 32 a0 S0 65 80 100 125 150 206 250 300 350 400
surroundings CC) 503 260 337 424 483 803 761 §55 1143 1 1683 2190 2730 3239 3556 4064
-15 ~12 <15 18 -2 -4 29 —36 -4l -S52 -62 =71  -92 ~—1i2 ~—130 —142 -160
~10 ~77 =94 <11 =14 =16 19 23 -27 -33 —40 -—46 —60 —73  —-BS  -92 |4
-5 -35 —43 -83 -65 -73 <89 -1} —13 =16 =19 =22 =28 =35 40  —44 ~50
0 o 0 0 o0 0 o 0 0 0 o 0 0 0 0 0 0
s 36 45 S5 67 75 o1 1t i3 16 19 023 2 6 4z w6 52
10 g1 98 12 15 16 20 25 18 35 42 49 63 77 9% 9% 1
is 13 % 19 23 2% 32 19 45 S 6 78 100 123 143 156 176
20 18 2 27 33 3% 45 S5 63 7% 94 109 M0 171 199 217 245
25 #2935 43 48 S8 71 81 102 122 141 182 221 288 281 37
30 9 36 44 53 60 72 88 101 426 1SL 175 226 275 320 49 383
35 35043 53 .64 72 87 106 12 12 182 21 272 331 385 419 473
40 42 SL 62 75 84 102 125 143 179 214 248 319 3897 453 493 556
45 48 59 7L 87 9% LB 145 166 207 247 287 369 449 524 S0 642
50 SS 67 8L 99 Il 135 165 189 236 281 327 421 512 597 649 732
55 62 75 92 11z 125 152 186 213 266 317 368 474 577 673 732 815
60 69 B4 102 125 140 169 207 233 297 354 41l 529 644 751 817 9n
65 77093 L4 138 155 188 230 263 320 392 456 586 714 832 905 1020
70 84 103 125 152 170 206 253 290 362 432 S02 645 786 916 997 110
75 92 112 137 167 136 226 277 317 396 473 549 706 360 1000 1690 1230
80 100 122 149 181 203 246 301 345 431 SIS S98 769 937 1090 1190 1340
100 135 164 200 244 273 331 406 456 582 695  RO8 1040 1270 1480 1610 1820
120 173 20 257 314 352 427 523600 750 897 1040 1340 1640 1900 2080 2350
140 715 262 320 391 438 532 653 750 937 1120 1310 1680 2050 2400 2610 2950
160 1 318 389 476 534 G4B 79 SIS 1140 1370 1600 2060 2520 2940 3200 3620
180 P 380 465 569 638 776 S5 1100 1370 1650 1920 2480 3030 3530 3860 <360
200 366 447 547 670 753 916 1430 1300 1620 1950 2270 2940 3600 4200 4580 5180
220 425 520 637 781 878 1070 1320 1510 900 2280 2660 3450 4220 4930 5380 6050
240 490 60D 735 902 1010 1240 1520 1750 2200 2650 309G 4000 4900 740 6260 7080
260 S60 686 842 1030 1160 1420 1750 2010 2530 3040 3550 4610 5650 6620 7220 8180
280 635 780 957 1180 1320 1620 2000 2300 2990 3480 4060  S280 6470 7590 8280 9380
300 717 881 1080 1330 1500 1830 2260 2610 3230 3950 4620 6010 7370 8630 9440 10700
320 866 090 1220 K500 1690 2060 2550 2040 3710 4470 5230 6800 8350 9800 10700 12 10D

*These pipe sizes are w B31387:

1967 and BS 3600: 197307

tThese ourside diamerers 2re to BS3600: 199747
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C4-66

CIBSE GuibE

TABLE C4.36. Velocity pressure loss factors for pipe fittings.

TEES AND JUNCTIONS

{Based on velocity pressure of combinad flow. Factors refer ta

B tha b h indi 1 by the subscript, e.g. §: is for flow to or from branch 2.1 :
DIVERGING i o9 DIVERGING 4 FOMGUE TEE
A
1}
4g Az '
[ 3] 02 ['5] -—
facrar for bend fastae for erisrge A ! faetnr for bend S
ar slbaw as mant of recuction ar alboe as r‘ /s A "]
sporeariate whers boresdiffer e ! 3
M s

"}
|
|

facser ler enfarge
anent of reduction
wihiere bosus differ

()

(

fastor for anlargs
mant or reduction
whire beres ditfer

5 =45 id <2Dmml
Ty =30 Id 2 20mnl

)

{! =3.0
REDUCTIONS ENLARGEMENTS
{Based on velocity pressure in smeller pipe.) {Based on velocity pressure in smailer pipe.)
EARE AN Mol ¢ |Mal ¢
TN — |5y joss{es (6w S o4 OESGa 038
Ay - Ay ———— Ay B B - ' Az A ————= AQ - : il b =
——— Ay e 0.2 Io_sg 0.8 | 0.25 A e ——, 0.2 |0e5} 08 (045
03 loa4sloe |oos 03 |osoios iges
VALVES
[Figures are for vaives fully open.)
GLOBE OBLIQUE ANGLE CATE “NONSRETURN BTTERFLY BLUG DIAPHRAGM | COCKor TAP
N\ @
Ay
2 Tz |
|
T e Ay, Sior B d /s 3
d L ot frvem e T i . T—
</ i0 |/ s ] 5105 A T
I (=50 23 o3 (=20 5 T
25 it 7 {28 fue A
wl7 slso | 2s s6 |0z 5.2 0.2,
275 1 & 4 |»75 J Lo 20 275 9.1 0.3 0F
OTHER ITEMS .
TCOLUMM  RADIATOR PANEL RADIATOR SECHONAL | BOILER TusE BOILER LARGE YESSELS
- ENTRY
£=5.0 | [ X1 =25 4 § =80 r{ =10
i N £at
h - =0.4
— a2 .- =0,
ELBOWS AND BENDS
VFE K-35 mi:z-so rrr'llé“.'-?l}url 3100mm| TYPE lu-mm-l:n-scmlaswml 2100 m,
MALLEABLE
caer NN C] 08 o7 0.6 04 r;;,:‘ggﬂ g”ﬂ f 0.8 0.5 LY 05
£0° ELEOW
MALLEASLE WELDED MILD a
cast inow § 0.5 0.4 05 08 Pl o o.e 04 0.2 o3
MALLEABLE )
CAsT inon f 0.7 05 04 O WELDED LD :‘; 0.4 03 03 02
SCREWED f COPFER PIPE
1 —
MILD STEEL 07 03 0.4 03 oy 0 0.5 0.5
Mal | .
CAST 1N oy 23 08— PARELRETUAN ) 0.5 - - -
AETURN 2END l
Notes to Table C4.36.
Convergent flow at junctions Valves

Where the velocity of flow in one branch of a tee, at a convezging
junction, is high relative to the velocity in the other, the pressure
loss fector for the latter may be negative due to the injection

elfect.
Tapers

Where the included sngle is 10° or less, take a factor of 0.2 for an

enlargement and ignore for a contraction.

tabujated.
Radiators

Individual designs may show wide variations over the values

The resistance to flow through a cast iron column radiator with

S columns may be approximated by: p = ST20 MF S

14

Specialist equipment
Manufacturers’ data sh

ould be consulted in thess cases.
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Flow of fluids in pipes and ducts

Fressure drop per unit length ap/i(Pa.m™")
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Figure 4.2 Pressure drop for air in galvanised circular ducts (p=l2kgm % T =293 K)
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4-82 Reference data

4.5.8 Velocity pressures of air

Table 4.42 Velocity pressures (4pe?) in Pa for air having a density p = 1.20 kg.m~%. This is the case at °C, percentage saturation 50% and a pressure
of 101.325 bar. For other conditions sce section 4.5.3 and Table 4.36

\::lociw Velocity pressure / Pa for stated velocity oim.s™'
¢/t 0.0 01 0.2 03 0.4 0.5 0.6 0.7 08 09
0 0.00 0.01 0.02 0.05 0.10 0.15 0.22 0.20 0.38 0.49
1 0.60 0.73 0.86 L1 118 1.35 1.54 .73 1.94 2.17
2 2.40 2.65 .90 317 146 375 406 1.37 470 508
3 5.40 5.77 6.14 6.53 6.94 7.35 7.78 8.21 8.66 5.13
4 9.60 1009 1058 11.09 1162 1215 1270 15.25 1362 14.41
5 15.00 1561 16.22 16.85 17.50 18.15 18.82 19.49 20.18 20.89
6 2L60 2233 23.06 2381 24.58 25.35 26.14 26.93 27.74 2857
7 29.50 3025 3L10 3197 3256 33.95 34.66 35.57 36.50 7.45
8 3840 16.37 1034 41.33 4234 433 4438 45.41 46.46 47.53
9 4860 49.69 50.78 51.89 53.02 54.15 $5.30 56.45 57.62 58.81
10 60.00 6121 62.42 63.65 64.50 66.15 6742 68.69 69.98 71.29
1t 72.60 7393 75.26 76.61 77.98 79.35 80.74 82.13 8354 84.97
12 86.40 87.85 39.30 90.77 92.26 93.75 95.26 96.77 $8.30 99.85
13 101.40 10297 10454 10613 107.74 109.35 11098 11261 1426 11593
£4 117.60 1928 12098 12269 124.42 126.15 127.90 12565 13L42 13321
Is 135.00 136.81 13862 140,43 142.30 144,15 1602 147.89 14978 15169
16 153.60 155.53 157.46  158.41 161.38 163.33 165,34 167.33 169.34 171.37
17 173.40 175.45 177.50  175.57 181.66 183.75 185,86 187.97 10910 192.25
18 194.40 19657 19874 20093 203.14 205.35 20758 209.81 2206 214.33
19 21660 21889 22118 22340 225.82 228.15 23050 23285 3522 23761
20 24000 24241 24482 247.25 24970 25215 5462 257.09 25958 262.00
21 26460 36713 26966 27221 27478 27735 7994 28253 285014 28777
22 29040 29305 29570 298.37 30106 303.75 0645 309.17 3190 41365
23 3740 32047 3294 32573 32854 33135 33418 33701 33986 34273
% 34560 34849 35138 384.29 35722 360.05 6310 366.05 36902 37201
25 37500 3730 38LOZ 38405 /A0 39005 39322 39629 39938 402.49
2% 40560 40873 41185 415.0 418.18 42135 42454 42737 430.54 43407
27 43740 44065 44390 44717 45046 45375 457.06  460.37 46370 467.05
28 47040 47377 47704 48053 183.94 4R35 49078 49421 497.66 50113
29 50460 S08.09  SHLSE  515.09 518.62 §22.15 52570 529.25 53282 53641
30 540.00 543.61 S47.22 550,85 554.50 556.15 6182 565.49 56918 572.89
31 57660 58033 S84.05  587.81 591.58 $95.35 599.14 60293 60674 61057
32 61440 61825 62210 625.97 629.86 63375 63766 64157 64550 649.45
33 653.40 65737 66134 66533 669.34 673.35 67738 68141 685.46 68233
3 69360 69769  T0L73 70589 710.02 714.15 71830 72245 72662 730.81
35 73500 73921 74342 74765 751.90 756.15 76042 764.69 76898 773.29
36 77760 78193 78626 790.6] 794.98 799.35 80374 80813 81254 81697
37 BZ40  BISES  830.30 BTV §39.26 84375 84826 85277 85730 $61.85
38 86540 87097 87554 880.13 854.74 88935 59398 89861 903.26  907.93
39 91260 917.29 92198 92669 93142 936.15 24090 ' 945.65 95042  955.21
40 95000  954.81  969.62 97445 979.30 98415 989.02 99378 998.78 100369
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TABLE L£4.35Velocity pressure loss factors for duct fittings.

DUCT ENTRIES DUCT EXITS
(Factors refer to the velocity pressure I(:?ﬁ:omgwndt? m:l?::*zizw' CONTRACTIONS | ENLARGEMENTS
in the duct.) ) (Factors refer to the (Factors refer to the
locity p st the velocity pressure at the
smaller area.} smaller area.)
l// / Z I// / / / ] /] T, Abnurt
v/ / / V. /N 7/
£=0.5 {=0.95 =10 =10
FLANGE BELLMOUTH D1FFUSER A Ay A] —— Ay
v/ | ez ‘L L
e —_— Ar 18— 4y
! ' -V 4 S 77 "
L [/ / / / / Ay T ""l/ 4
o r= %9, [=0.5 A A2
1> %5, 7205 ) 0.25 | 0.37 0.25 | 0.56
r= 9. g=0.5 A 3 03 | 0.4 03 | o.ae
REDUCING Az | 0=10°] s=adf]| e=30°{ a=s0® 035 | 0.32 0.35 | 0.42
— %y g.g; 3.';3 0.79 0.8 0.4 | 028 0.4 | 0.3s
6 0.74  0.83
W/ o8 o ok m wm 0.45 | 0.25 0.45 | 0.30
Z { 0.4 0.40 0.5 0.45 0%
S p— 9ed] 605 ® 0.3 034 048 __0.42 0.7 0.5 | 0.23 0.5 | 025
Ay B 1 |3 To2s 03 os ORIFICE 0.55 | o.19 0.55 | 0.20
- 0.6 | 0.6 0.6 | 0.s
; /|5 |07 023 035 0.45 | 0.12 0.5 | 0.12
20 j002 o1 oW . 0.7 | 609 o7 | oo
25 {002 0.20 030 Ay A
ORIFICE 77771' GRADUAL GRADUAL
L) A .
Zay 4 %, v to}
J 05 | 57 o5 | 7.8 —_— . /
A b
) ' 0.6 3.0 06 | 4.7 =
|7 ; ;/ 0.7 e 0.7 30 i T —
0.8 L2 0.8 | 20 »-\
0y 0.7 oy | 1.3 &) —_—
p—re e 1.0 o3 10 1.0 ._l__
SHOE . ENTRIES HOODS HOODS =
fa) (b} {a} By -
'ﬁ' —_—— e TN 4
h h 8
- - - - M- e T b |
I l 30° 002 0.07
45° 004 0.2
A d d d d 40° 007 04
A ORIFICE Multiplying  factors
X‘ 4 S — A 15 be opplied 10§
o4 | ns M A for_obrept fittings
08 | 75 — ® | =
od | 43 | [ hg . b £ Ay, g 10° 0.3 03
e T = o2 | 53 : :ba 5 ] 20° os 0
. 44 1.8 X . . %} 0.1
12 | 20 04 | 1B 14 04 | L7 14 12 | o4 :2: e
14 | 1S 0.6 | 14 L2 o6 | 1z 1| 10 o o :
L& 1.2 1.0 (K] 1.1 1.0 1.0 1-0 L7 2.0 50 1.0 1.0
Le iz 20 | 40
OBSTRUCTIONS
(Factors refer to the velocity pressure In the duct.)
STRUTS ¢5° LOUVRES WIRE MESH PERFORATED SHEET OPEM  DAMPERS
l;? - -%- y
Ay~ WIITAy . o
V77 Y PR - R
retio § o] fo e 0%’ rabis i
. 2 o 00 Q
R ﬁ. . E E‘§ lzz ﬂ‘,o:o:uﬁz:" :;2, f; £=05
3 3 a0 o og
o 04| 20 a::fi‘;o:a:% 04 | &3
——— S b I 05} 17 Potetoed . |05 40
o — g
1| = | e e tos| so as 30 o6l 1o 0.6 | 2.0
05 |40 20 0% | oe| 36 30 18 07| o6 07 | 10 C=02
0.25 | 14 0.& 0.2 0.7 2.4 21 L1 oB| 0.3 G.8 0.4
01 j0.7 02 01 o | 16 s 07
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FLOW OF FLUIDS ) . a6 -

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

RADIUS BENDS
{Factors refer to the velocity pressure in the duct.}
CIRCUL&R DUCTS. B=50% RECTANGULAR  DUCTS, 8=90°
. { .
k =] [Ty =15 0w = =3
0.2 [0.47 0.44 0.40 0,43 [
0.4 {036 033 028 0.3 Multiplying
0.5 10.2% 022 - 020 0.22 6 | focters for [
T 0.7 |o26 018 016 018 far 85 90°
Nauof 1.0 1023 o4 013 014 | 20° [%}
pleces | =1 jfg=sld =2[d=3 0% 8.5
ks 034 024 023 022 1.8 |02 oaz 01 oM | 45% 0.6
i 1l 3 |046 040 0.42 0.46 2.5 {020 0N o0OP 090 | 0% 0.8
P=d—i 1 4 o4 024 032 014 h 40 022 oR 010 010 | 75°F a9
035 030 0.4 0.26 60 [0.26 0} 0N 001 | 90° 1.0
MITRE BENDS
3 {Factors refer to the velocity pressure in the duct.)
-\\ »
A f5d; g=090g5)|
. Ba 4 d<i<i0d; [=08 G+l
¢=13% L=1.2% =072 [=0.67 £=0.35 0.2 0.4
{or momdocturers’ 0.4 0.4 Lz10d: =040,
data) 0.5 a3
£0.7 02

RECTANGULAR DUCT BRANCHES
{Factors refer to the velocity preesnu_in the branch indicated by the subscript, e, 3" s w be used with the velocity pressure in branch 2.}

Tl | | B %l 2 Yl B
0.6 | 034 0.6 |3.5xbend loss ‘06 |oda Joe |18
o j0I8 fo8 1.8 —"— 0.8 |0.09 fjoB |078

1.0 0O7 E LD j10 —5— Lo (004 [ LD 0355 Use bend foss factor with
L2 Jeosy w2 1o —— 1.2 {002 |12 [0d5 | entry velocity
RECTANGULAR DUCT o CIRCULAR DUCT BRANCHES

— {Factors refer to the velocity pressure in the branch indicated by the subseript, e.g. §, is 1o be used with
BRANCHES —continued Ve the velocity pressure in branch 2.) *

FLEMUM  CHAMBER 90 BRANCH ' . 45% BRAMCH COMICAL BRANCH

i -
L B A [ale | T [l
K PYY Y ki _ losfs M 0.6 | 20

-|—|||—J‘—. 0.8 2.3‘ 0.8 |07 0.8 | 1.2
2" 10 | b7 1.0 | 0.4 10 | 08

iy =13 w2 e | BEERLY 12 | 0.6
R Splitters
Notes to Table C4.35. Where straight ducts have splittess, the strafght duct friction loss
. v through each component part should be.considered.
Bend angles N Approaches

Where bends tum through angles of less than 90°, the pressure loss The values for the presmre loss factors quoted here assume that
factor may ‘be presumed to vary in the pmporﬂnn €/90 unless the approaching velocity profile is regular. Any eccentricily or
stated otherwise, distortion may increase or decrease the loss.

Changes of shape {transitions] Diameters

Fm' tapered changes ofshape whers @ < 6{]" and AJ = Az, the For rectnngukr ducis, the hydmuljn: mean diameter i gi"en b)r
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