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INTRODUCTION

In thermal systems such as heat exchangers, chillers, boilers, or cooling circuits, the velocity of the heat transfer
medium (such as water, steam, oil, or air) plays a critical role in determining how efficiently heat is transferred.
While increasing velocity may seem like a way to improve performance, there are important physical,
mechanical, and energy-related reasons why this velocity is intentionally limited.

KEY FACTORS FOR VELOCITY RESTRICTION

> EROSION AND CORROSION RISK

« High velocity can cause mechanical erosion of pipe walls, fittings, bends, and valves, especially at
directional changes.
o In corrosive or treated fluids, high velocity can strip protective films and accelerate corrosion.

o This leads to shortened equipment life and increased maintenance costs.

> PRESSURE DROP AND ENERGY LOSS

e Flowing fluid at higher speed increases frictional resistance, resulting in higher pressure drop across
the system.

o Pressure drop grows approximately with the square of the velocity:
AP o V2

e This requires more pump or fan power, raising energy costs and reducing system efficiency.

> NOISE, VIBRATION, AND MECHANICAL STRESS

o Higher flow velocities generate hydraulic noise and vibrations, which can:
o Affect comfort in HVAC systems.
o Cause mechanical fatigue and long-term damage to equipment.



> DESIGN STANDARDS AND MATERIAL LIMITATIONS

¢ Industry codes (ASME, IS0, etc.) define maximum safe velocities for each fluid type and material.
e These are based on:

o Flow regime (laminar/turbulent)

o Pipe diameter and material

o Type of service (water, steam, oil, etc.)

THERMAL EFFICIENCY CONSIDERATIONS

> THE ROLE OF VELOCITY IN HEAT TRANSFER

o Heat transfer through a fluid relies on convective heat transfer, which improves with higher velocity:
h o< V" (where n~0.8 in turbulent flow)

o This means increasing velocity generally increases the heat transfer coefficient (h).

BUT: DIMINISHING RETURNS

o Although heat transfer improves with velocity, the gain becomes marginal at higher speeds.
o At the same time, pumping energy increases much faster:
o More pressure drop — more energy wasted — lower thermal efficiency overall.

o Therefore, there's a trade-off: more heat transfer vs. more energy consumption.

CONTACT TIME VS FLOW RATE: CLARIFYING THE MISCONCEPTION

It is often assumed that:

“If velocity is too high, the fluid won’t spend enough time in contact with the heat surface, so heat

transfer will be low.”
This is partially true

¢ As velocity increases, residence time (or contact time) of the fluid inside the system decreases.
o The temperature difference AT across the fluid may reduce, meaning each unit of fluid picks up less

heat.
I However, total heat transfer Q is determined by:
Q=mxcpx AT

o Evenif AT drops, the mass flow rate m increases with velocity.
o So, the total Q@ may remain the same or even increase.

o But again, this comes at a cost of higher power consumption and system inefficiency.



SUMMARY TABLE: VELOCITY VS. PERFORMANCE

Parameter Low Velocity Optimal Velocity High Velocity
Convective Heat Transfer Low High Very High
Pressure Drop Low Moderate Excessive
Pumping Power Low Manageable High/Energy Waste
Fluid Temperature Change High AT Medium Low AT
Erosion/Noise/Vibration Minimal Acceptable High Risk
Thermal Efficiency Low (underutilized) High (balanced) Low (energy loss dominates)
CONCLUSION

[] Velocity in a heat transfer system must be carefully optimized, not maximized.
o Too low, and heat transfer becomes inefficient.
o Too high, and the system suffers from pressure losses, noise, wear, and energy waste — despite
potentially higher heat transfer rates
1 Designers aim for a balanced velocity that ensures:
o Effective turbulent flow
o Acceptable pressure drop
o Good thermal performance

o Long system life and low operating cost
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