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CHAPTER 1

Introduction to MEP Piping Systems and the
Design Process

1.1 The Role of Piping Within MEP Design

Piping is the circulatory system of a building. In an MEP scope, four broad piping families exist side by side,
each governed by its own physics, code, and design culture:

e Hydronic piping — chilled water (CHW), condenser water (CW), heating hot water (HHW), and
condensate drain — carries thermal energy as sensible heat in a liquid medium.

e Refrigerant piping — DX split systems and VRF/VRV networks — carries latent and sensible heat via
phase change of a refrigerant.

e Fire protection piping — wet, dry, pre-action, and deluge sprinkler systems, standpipes, and
hydrant networks — is a life-safety system sized for a design storm of water demand, not a
continuous process flow.

e Plumbing piping — domestic cold and hot water supply, sanitary drainage, and storm drainage —
serves intermittent, statistically modeled fixture demand.

All four share the same underlying engineering skeleton: establish a design flow rate, select a pipe material
and route, size the pipe for an acceptable pressure drop and velocity, verify available system pressure against

required pressure at the critical path, and then detail supports, insulation, and accessories so the design
survives construction and fourteen years of maintenance after that.

1.2 Why Pipe Sizing Matters Commercially
Pipe sizing is one of the few MEP decisions with a direct, compounding cost impact across the life of a project:

e Capital cost. Pipe, insulation, valves, and fittings scale roughly with diameter and, for larger sizes,
with the square of diameter for material cost and welding labor. Oversizing by one nominal size on
a large chilled water header can add tens of thousands of dollars in material and labor with no
operational benefit.

e Pump/fan energy cost. Pressure drop drives pump head, and pump head drives motor kW.
Undersizing to save capital cost pushes velocity and friction loss up, which shows up permanently in
the electricity bill and in higher noise levels.

e Space and coordination cost. Pipe outside diameter (with insulation) drives shaft, riser, and ceiling
void sizing. A sizing decision made in Chapter 6 of a design can force a change to the structural zone
in Chapter 2 of the architecture.

e Reliability and life-safety risk. In fire protection piping specifically, undersizing is not a cost
problem — it is a code violation and a life-safety failure.

DESIGN NOTE

A pipe sized correctly the first time is invisible. A pipe sized wrong shows up as noise
complaints, comfort complaints, a failed hydrostatic test, or — in the worst case — inadequate
sprinkler discharge during a fire. Sizing calculations deserve the same rigor as load calculations,
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Pump suction piping <1.5m/s Kept low to preserve NPSH available

6.5 Pipe Sizing Workflow for a Chilled Water Riser/Main

=

Determine block/zone cooling load from the load schedule (kW).
2. Convert to design flow using the project's design AT (Section 6.3).

3. Enter the ASHRAE friction chart (Chapter 5) at that flow; select the pipe diameter that keeps
velocity within the Section 6.4 range and friction rate within 100-400 Pa/m.

4. Where velocity and friction-rate targets conflict, velocity governs in occupied/noise-sensitive
routing; friction-rate/economic sizing governs in plant rooms.

Round up to the nearest standard pipe size (never round down for a "close enough" fit).

Record diameter, velocity, and friction rate on the pipe schedule for that segment; repeat for every
segment on the index run.

7. Sum the index run for total system pressure drop (Chapter 5 method) to feed the pump head
calculation (Chapter 10).

6.6 Worked Example — Sizing a Chilled Water Riser

Given: Ariser serves a block load of 850 kW at design AT =7 °C.

Q = (850)/(4.186 x 7) = 29.0 L /s

From the ASHRAE chart at 29 L/s: a 150 mm (6") Sch 40 pipe (ID 154.1 mm) gives V = 1.56 m/s and friction rate
= 145 Pa/m — both within target range. A 125 mm pipe would push velocity to = 2.2 m/s and friction rate
above 300 Pa/m, acceptable only if routed entirely through plant/service areas; for a riser passing through
occupied floors, 150 mm is the correct selection.

6.7 Reverse-Return vs. Direct-Return Piping

Configuration Balancing characteristic Cost impact

Flow paths to terminal units have
unequal total length (nearest unit
Direct return has shortest, most favored path) —  Lower pipe quantity
requires careful balancing valve
sizing at every branch

Total path length to and from every
Reverse return terminal unit is approximately equal
— inherently self-balancing

10-20 % more pipe, simpler
commissioning

24
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CHAPTER 10

Pump Selection and Pump Head Calculations

10.1 The Pump's Job — System Curve vs. Pump Curve

A pump does not "produce" a fixed flow; it operates at whatever point its performance curve (head vs. flow)
intersects the system's resistance curve (head required vs. flow). Pipe sizing (Chapters 6-9) determines the
system curve; pump selection is the process of choosing a pump whose curve crosses that system curve at (or
very near) the design duty point.

Hsystem = Hstatic + K x Q?

Where H_static is the static head component (zero for a true closed loop; non-zero for open systems per
Chapter 8), K is a constant capturing the combined friction resistance of the index run at the design condition,
and Qis flow. Because friction loss varies with the square of flow, the system curve is parabolic — this is why a
pump slightly oversized on head will run further right on its curve than intended, drawing more flow (and
more power) than designed, not less.

10.2 Total Dynamic Head (TDH) Calculation

TDH = Hstatic + Hfriction,index run + Hequipment + Hmargin

Closed-loop hydronic systems (CHW, HHW): H_static = O (elevation cancels around a full closed circuit); TDH
is friction loss on the index run (pipe + fittings) plus equipment (coils, control valves, chiller/boiler heat
exchanger AP, strainers) plus a design margin.

Open systems (condenser water, domestic water booster, fire pump): H_static is the actual elevation
lift/pressure requirement and must be added explicitly (Chapter 8).

Typical contribution (illustrative — always use actual
Component .
index-run values)

Pipe friction (index run) 30 - 50 % of TDH

Coil / heat exchanger AP 20 - 35 % of TDH

Control valve AP 10 - 20 % of TDH

Strainers, balancing valves, misc. fittings 5-15% of TDH

Design margin 10 - 15 % added to calculated total
36
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10.3 Identifying the Index (Critical) Run

The index run is the flow path through the system with the highest total resistance relative to the flow it must
deliver — not necessarily the physically longest pipe run. A short run with a high-resistance control valve and
multiple fittings can be more critical than a long run of large, low-friction main pipe. The pump must be sized
to deliver full design flow to the index run at its full required pressure; every other branch in the system will
then have excess available pressure, which must be dissipated through balancing valves or pressure-
independent control valves rather than left unbalanced.

DESIGN NOTE

Design Note. Calculate TDH explicitly for at least two or three candidate "worst case" branches
(furthest from plant, highest floor, or highest local resistance) rather than assuming the
geometrically furthest branch is automatically the index run — local resistance (an undersized
branch, an oversized control valve differential) can make a nearer branch the true critical path.

10.4 Pump Types Used in Building Services

. . | CHW/HHWY/CW circulation, ™ ; singl I-
End-suction centrifugal General CHW/ /CW circulation ost common; single or dual-pump

small-medium duty sets

i e e Space-constrained plant rooms, Compact footprint, direct pipe-
smaller flows mounted

Split-case (double suction) Large-flow plant/primary loops Lower NPSH requirement, higher

efficiency at large duty

High-head, moderate-flow (e.g.,

e 11 Compact footprint for high head

Vertical multistage

Vertical turbine / fire pump Fire protection systems (Chapter

(horizontal split-case for fire) 15) Listed/approved per NFPA 20 only

10.5 Pump Curve Reading and Duty Point Selection

A vendor pump curve plots head (m or ft) against flow (L/s or gpm) for a family of impeller trim diameters,
with efficiency contours and NPSH-required curves overlaid. Selection procedure:

1. Plot the calculated duty point (design flow, calculated TDH) on the pump curve.
2. Select the impeller trim/model whose curve passes through or just above the duty point.

3. Verify the operating point falls within the pump's best efficiency point (BEP) region —
conventionally within roughly 70-120 % of BEP flow; operating far outside this range causes excess
vibration, seal wear, and poor efficiency.

4. Check available NPSH (from suction-side layout and elevation) exceeds the pump's required NPSH
at duty flow, with margin (commonly > 0.6-1 m or per manufacturer/office standard).

37
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5. For variable-speed applications, confirm the pump/motor combination is suitable across the full
expected speed turndown range, not just at 100 % design duty.

10.6 Variable-Speed Pumping and Affinity Laws

Variable-frequency-drive (VFD) pumping is now the default for CHW/HHW secondary distribution in
essentially all modern GCC projects, both for energy performance and for compatibility with two-way control
valves (Chapter 6). The pump affinity laws describe how flow, head, and power scale with speed:

(Q2)/(Q1) = (N2)/(N1),  (H2)/(HI) = ((N2)/(N1))>,  (P2)/(P1) =
((N2)/(N1))?

Because power scales with the cube of speed, a pump running at 70 % speed consumes only about 34 % of
full-speed power — this cubic relationship is the entire economic justification for variable-flow pumping and
differential-pressure reset control strategies, and should be explicitly quantified in any energy-performance
submission (LEED, ASHRAE 90.1, Qatar sustainability rating).

10.7 Pump Redundancy and Staging

Two pumps of equal duty, one Most common for critical

+
Duty/standby (1+1) running, one on automatic standby =~ CHW/HHW distribution

Multiple equal pumps, one more Large plants where turndown range
N+1 parallel staged than the minimum required, staged exceeds a single VFD pump's
on/off by demand practical range

Two pumps of differing duty,
Duty/assist smaller pump handles low-load
periods

Less common; more complex
control

Parallel pump curves are additive in flow at constant head (not simply additive in flow at all heads) — when
combining pump curves for a parallel staging analysis, always add flow at each head value across the
individual pump curves, then re-intersect the combined curve against the system curve; a common sizing
error is assuming N pumps simply deliver N times the single-pump flow, which is only true if the system curve
were flat (zero friction), never the real case.

10.8 Worked Example — TDH and Pump Selection

Given: From the Chapter 7 example, riser base design flow = 24.6 L/s. Index run analysis gives: pipe+fitting
friction on the worst branch = 38 kPa (= 3.9 m), chiller evaporator AP = 65 kPa (= 6.6 m), coil + control valve on
the worst terminal branch = 80 kPa (= 8.2 m), strainers/misc = 12 kPa (= 1.2 m).

TDHcalculated = 3.9 + 6.6 + 8.2 + 1.2 = 19.9 m

38
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Applying 12 % design margin: TDH = 22.3 m at 24.6 L/s — this is the duty point plotted against candidate
pump curves. A duty/standby pair of end-suction centrifugal pumps, each rated for full design flow at this
head (not half-flow, since standby must cover full duty alone) with VFD control, would be the typical selection
for this application.

DESIGN NOTE

Design Note. Always size each duty/standby pump for 100 % of design flow and head — a
common and serious error is sizing two pumps for 50 % duty each "to save cost," which leaves
the system with only half of required flow/pressure whenever one pump is down for
maintenance or fails, defeating the purpose of redundancy entirely.

39
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APPENDIX C

Quick-Reference Formula Sheet

C.1 Fluid Mechanics Fundamentals

Q=AxV A = (7 D?¥)/(4)

Re=(p VD)1

hf =fx (L)/(D) x (V?)/(2g)  (Darcy-Weisbach)

hfitting = K x (V?)/(2g)

C.2 Hazen-Williams (Fire Protection / General Water
Distribution)

Pf= (452 x Q185)/(C.85 x d*87) (Q in gpm, d in inches, Pf in psi/ft)

C.3 Hydronic Flow From Load

QL/s = (LoadkW)/(4.186 x A T)

C.4 Pump Total Dynamic Head

TDH = Hstatic + Hfriction + Hequipment + Hmargin

C.5 Pump Affinity Laws

(Q2)/(QD=(N2)/(N1), (H2)/(HI)=((N2)/(N1))?, (P2)/(P1)=((N2)/(N1))’

84
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