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Top 50 Interview Questions & Answers

## Fundamental Principles of DP Flow
1. What is the fundamental principle behind all DP-type flow meters?

They all operate based on Bernoulli's Principle. This principle states that for a fluid flowing
in a pipe, an increase in velocity results in a decrease in pressure, and vice versa. DP
meters work by deliberately introducing a restriction in the pipe, which forces the fluid to
accelerate. This acceleration causes a pressure drop. The differential pressure (DP)
created across this restriction is measured, and from this, the flow rate is calculated.

2. What is the relationship between differential pressure and flow rate?

The relationship is not linear. The volumetric flow rate (Q) is proportional to the square
root of the differential pressure (AP).

¢ Formula:
QAP

This is the mostimportant characteristic of DP flow measurement. It means thatif you
double the flow rate, the differential pressure increases by a factor of four.

3. What is Bernoulli's equation and why is it important here?

Bernoulli's equation is a statement of the conservation of energy for a flowing fluid. In its
simplestform, itis:

P+21 pv2+pgh=constant

Where:

e P=Pressure
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e p=Fluid Density

e v=Fluid Velocity

e g = Acceleration dueto gravity

e h=HeightThis equation provides the mathematical basis forrelating the drop in
pressure (P) to the increase in velocity (v) across the restriction in a DP meter.

4. What are the two main components of any DP flow measurement system?

1. Primary Element: The physical device placed in the pipe that creates the restriction
and the pressure drop. Examples include an orifice plate, a venturi tube, or a pitot
tube.

2. Secondary Element: The device that measures the differential pressure. This is
almost always a DP transmitter.

5. What does "beta ratio” (B) mean?

The beta ratio is a dimensionless number that describes the geometry of the restriction. It
is the ratio of the bore diameter of the primary element (d) to the internal diameter of the

pipe (D).
e Formula: =D/d

A smaller beta ratio means a greater restriction, which creates a higher DP but also a
higher permanent pressure loss. Atypical beta ratio is between 0.4 and 0.7.

## Orifice Plate Flow Meters
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6. What is an orifice plate?

An orifice plate is the simplest and most common primary element. It is a thin metal plate
with a precisely machined hole (the orifice) in the center. It is clamped between two
flanges in a pipe to create a restriction.

7. What is the "vena contracta"?

The vena contracta is the point of minimum cross-sectional area that occurs just
downstream of the orifice plate. At this point, the fluid jet's diameter is smaller than the
orifice bore itself because the fluid streamlines continue to converge after passing through
the hole. The fluid velocity is atits maximum, and the static pressure is atits minimum at
the vena contracta.

8. What are the different types of orifice plates?

e Concentric Orifice: The most common type, with a sharp-edged, circular holein
the center. Used for clean liquids and gases.

e Eccentric Orifice: The hole is offset to the bottom of the plate. Used for fluids
containing solids, as it allows solids to sweep through without accumulating.

e Segmental Orifice: The hole is a segment of a circle, located at the bottom. Used
for slurries or very dirty fluids for the same reason as the eccentric type.

e Quadrant Edge Orifice: The upstream edge of the bore is rounded. Used for more
viscous fluids where a sharp edge would create too much error.

9. Why is the upstream edge of a standard orifice plate sharp?

A sharp, square edge is used because it provides a well-defined and predictable flow
separation point. This creates a consistent and repeatable vena contracta, which is crucial
for maintaining a stable and accurate relationship between flow and differential pressure.
A rounded or worn edge will change the flow characteristics and lead to measurement
errors.
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10. What are pressure taps, and where are they located?

Pressure taps are the small holes drilled into the pipe or flanges through which the DP

transmitter senses the upstream and downstream pressure. Common locations include:

Flange Taps: The most common type in the US. The taps are drilled directly into the
flanges, 1 inch upstream and 1 inch downstream of the orifice plate faces.

Corner Taps: Taps are located in the corners formed by the pipe wall and the orifice
plate. Common in Europe.

Vena Contracta Taps: The upstream tap is 1 pipe diameter (1D) away, and the
downstream tap is located at the average vena contracta point (about 0.5D). This
provides the maximum possible DP.

11. What are the advantages of using an orifice plate?

Low Cost: Simple and inexpensive to manufacture.

Versatility: Can be used for liquids, gases, and steam.

Well-Understood: The technology is mature and covered extensively by
international standards (like ISO 5167).

No Calibration Needed (in theory): If built and installed according to standards, its
performance is predictable without needing a lab calibration.

12. What are the disadvantages of an orifice plate?

High Permanent Pressure Loss: Causes a significant, non-recoverable energy loss
in the system (typically 50-80% of the DP). This increases pumping costs.

Low Turndown Ratio: Accuracy degrades significantly at low flow rates due to the
square root relationship. Typical turndownis only 3:1 or4:1.

Edge Wear: The sharp edge is prone to erosion or corrosion, which degrades
accuracy over time.

Requires Long Straight Pipe Runs: Very sensitive to flow profile disturbances.
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## Venturi and Nozzle Meters

13. What is a venturi meter, and how does it differ from an orifice plate?

A venturi meter has a smooth, cone-shaped inlet section (the converging cone), a straight
throat section, and a long, gradually expanding outlet section (the diverging cone).

e Key Difference: Unlike the abruptrestriction of an orifice plate, the venturi's
smooth profile guides the fluid gently through the restriction and then expands it
back to the full pipe diameter.

14. What is the primary advantage of a venturi meter over an orifice plate?

Excellent pressure recovery. Because of the gradual diverging cone, a venturi meter
recovers almostall the pressure that was lost at the throat. It has a very low permanent
pressure loss (typically only 10-20% of the DP). This makes it much more energy-efficient,
especially in large-scale applications with high flow rates.

15. What are the disadvantages of a venturi meter?

e High Cost: They are much larger, more complex, and more expensive to
manufacture than orifice plates.
e Large Footprint: Their long length requires significant space for installation.

16. When would you typically use a venturi meter?

You would use a venturi meter when:

e Energy efficiency is critical, and minimizing permanent pressure loss is a primary
concern.

e Theline sizeis large, and the flow rateis high (e.g., in main water supply lines or
large gas pipelines).

e Thefluid contains some solids or is a slurry, as the smooth profile is resistant to
erosion and plugging.
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17. What is a flow nozzle?

A flow nozzle is a hybrid between an orifice and a venturi. It has a smooth, bell-shaped
inlet that leads to a short, cylindrical throat but has no diverging (recovery) cone. ltis
essentially the inlet section of a venturi meter.

18. How does a flow nozzle compare to an orifice and a venturi?

e vs, Orifice: It can handle higher velocities and is more resistant to erosion. It has
slightly better pressure recovery than an orifice.

e vs. Venturi: Ithas a much higher permanent pressure loss than a venturi because it
lacks the recovery cone. However, it is much more compact and less expensive
than a venturi.

e Common Use: Often used for measuring high-velocity steam flow.

## Pitot Tubes

19. What is the working principle of a basic pitot tube?

A basic pitot tube (or L-shaped pitot tube) measures fluid velocity at a single point in the
flow stream. It has two pressure ports:

1. Stagnation Port: An opening facing directly into the flow. It measures the total
pressure (Ptotal), which is the sum of static pressure and dynamic pressure.

2. Static Port(s): One or more openings on the side of the tube, perpendicular to the
flow. They measure the static pressure (Pstatic) of the surrounding fluid. The
difference between these two pressures is the dynamic pressure, from which
velocity is calculated.
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20. What is dynamic pressure?

Dynamic pressure (21 pv2) is the kinetic energy per unitvolume of a fluid. Itis the pressure
created by the fluid's motion. The DP measured by a pitot tube is the dynamic pressure.

21. What is the main limitation of a basic pitot tube for flow measurement?

It only measures velocity at a single point. Flow velocity is not uniform across a pipe's
diameter (it's fastest at the center and slower near the walls). To get an average flow rate,
the tip must be placed at a precise point representing the average velocity, or a traverse
across the pipe must be performed. This makes it less accurate for process control.

22. What is an averaging pitot tube (e.g., Annubar)?

An averaging pitot tube (brand name Annubar) is an improvement on the basic design. Itis
a probe that spans the entire pipe diameter. It has multiple upstream-facing ports that are
strategically placed to sense the total pressure profile across the pipe. These pressures
are internally averaged within the probe. A single port on the downstream side measures
the static pressure. This provides a much more representative and accurate measurement
of the average flow velocity.

23. What are the advantages of using an averaging pitot tube?

e Very Low Permanent Pressure Loss: It creates a very small obstruction, making it
highly energy-efficient.

e Easy Installation: Can often be installed via a "hot tap" without shutting down the
process.

e Cost-Effective for Large Pipes: The cost does notincrease dramatically with pipe
size, making it a good choice for large lines.
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24. When is a pitot tube a good choice for flow measurement?

e For measuring flow in very large pipes orducts (e.g., HVAC systems, large air
stacks).

e When minimizing pressure drop is the mostimportant factor.

e For conducting flow surveys or as a portable test instrument (especially the basic L-
shaped type).

## DP Transmitters & System Components
25. What is a DP transmitter?

A DP transmitter is the secondary element that measures the differential pressure created
by the primary element. It has a high-pressure (HP) port and a low-pressure (LP) port,
separated by an internal sensing diaphragm. The pressure difference causes the
diaphragm to deflect, and this deflection is converted into a standard electronic signal
(typically 4-20 mA).

26. What is the purpose of a 3-valve or 5-valve manifold?

A valve manifold is a set of valves integrated into a single block, mounted directly on the DP
transmitter. It is used to safely isolate, vent, and equalize the transmitter.

e 3-Valve Manifold: Has one equalizing valve and two block valves (HP and LP).

e 5-Valve Manifold: Adds two vent/bleed valves.

e Purpose: It allows a technician to safely remove the transmitter for calibration or
maintenance without shutting down the process and ensures the transmitter is not
damaged by overpressure during startup.
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27. What is the correct procedure for putting a DP transmitter into service using a 3-
valve manifold?

1. Start with all valves closed.

2. Open the equalizing valve. This ensures both sides of the transmitter are at the
same pressure, protecting the diaphragm.

3. Slowly open the high-pressure block valve.

4. Close the equalizing valve.

5. Slowly open the low-pressure block valve. The transmitteris now in service. (The
removal procedure is the reverse of this.)

28. What are impulse lines?

Impulse lines (or impulse tubing) are the small pipes or tubes that connect the pressure
taps on the primary element to the HP and LP ports of the DP transmitter.

29. For steam flow measurement, why must the impulse lines be filled with water?

Steam is compressible, and its density changes significantly with pressure and
temperature. To get an accurate and stable measurement, the impulse lines must be filled
with a liquid of constant density (water condensate). This is achieved by installing
condensate pots (or seal pots) at the pressure taps. The pots ensure a stable column of
wateris always presentin the lines, preventing live steam from reaching the transmitter.

30. For liquid service, where should the DP transmitter be mounted relative to the
pipe?

The transmitter should be mounted below the pressure taps. This allows any gas or air
bubbles in the impulse lines to rise back up into the process pipe, ensuring the lines
remain 100% full of liquid.
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31. For gas service, where should the DP transmitter be mounted relative to the pipe?

The transmitter should be mounted above the pressure taps. This allows any liquid
condensate that might form in the impulse lines to drain back down into the process pipe,
ensuring the lines remain full of gas.

## Calculations & Performance

32. Why is the output of a DP transmitter often "square root extracted"?

Because the flow rate is proportional to the square root of the DP, the raw DP signalis non-
linear. To create a linear 4-20 mA signal that is directly proportionalto flow, the
transmitter's electronics perform a mathematical square root extraction. This makes it
much easier for a control system (DCS/PLC) to interpret the signal.

33. What is the "turndown ratio" of a typical DP flow meter?

Theturndown ratio is limited by the square root relationship. At low flow rates, the DP
signal becomes extremely small and difficult to measure accurately. A standard DP
system with a single transmitter has a typicalturndown of 3:1 or 4:1.

34. How can you increase the turndown ratio of a DP measurement system?

By using stacked DP transmitters. This setup uses two transmitters with different
calibrated ranges in parallel.

e Alow-rangetransmitter measures the flow accurately at the low end.

e Ahigh-range transmitter measures the flow at the high end.

e The control system automatically selects the most accurate signal. This can
increase the turndown ratio to around 10:1.
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35. What factors are included in the flow equation for an orifice meter?

The full equation is complex, butitincludes:

e Thedifferential pressure (AP).

e Thefluid density (p).

e The beta ratio (B).

e Adischarge coefficient (Cd), which is an experimentally determined factor that
corrects forreal-world effects not covered by Bernoulli's theory (like friction and the
vena contracta).

36. How do changes in fluid density affect the measurement?

Fluid density (p) is a critical part of the flow equation. If the actual density of the fluid
changes from the value used in the calculation, it will cause a measurement error. For
gases and steam, where density changes significantly with temperature and pressure,
dynamic compensation (using live inputs from temperature and pressure transmitters) is
required for an accurate mass flow measurement.

37. What is permanent pressure loss (PPL)?
Permanent pressure loss is the portion of the differential pressure thatis not recovered
downstream of the primary element. It represents a permanent loss of energy from the

system that must be overcome by pumps or compressors. Orifice plates have high PPL;
venturi tubes have very low PPL.

## Applications & Troubleshooting
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38. You see a DP transmitter with the HP and LP impulse lines reversed. What will the
reading be?

The transmitter will likely read zero or a negative value, and it may go into a fault oralarm
state. The control system will interpret this as zero or very low flow.

39. Animpulse line is plugged. What effect will this have?

o Ifthe HP lineis plugged: The HP side will be trapped at a certain pressure, while
the LP side will still see the live process pressure. The DP reading will be incorrect
and unresponsive to flow changes.

e [Ifthe LP lineis plugged: The effect is similar. The measured DP will be erratic or
stuck, leading to a completely false flow reading.

40. The flow reading is very noisy or "spiky." What are some possible causes?

e Unstable Flow: The process itself may have pulsating flow (e.g., from a
reciprocating pump).

e Two-Phase Flow: The presence of gas bubbles in liquid or liquid slugs in gas will
cause the density to fluctuate wildly, leading to a noisy DP signal.

e Vibration: Theimpulse lines might be vibrating, causing "hydraulic noise."

e Transmitter Damping: The electronic damping setting in the transmitter may be set
too low.

41. Why must an orifice plate be installed with the correct orientation (bevel facing
downstream)?

A standard orifice plate is designed with a sharp, square edge facing upstream and a
beveled edge on the downstream side. The sharp edge is critical for creating a predictable
flow pattern. If installed backward, the flow characteristics will be completely different
from what the standards specify, and the measurement will be inaccurate (typically
reading high).
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42. What is an orifice flange union?

This is a specialized set of flanges designed specifically for mounting an orifice plate. They
come with pre-drilled pressure taps, eliminating the need to drill taps into the pipe wall
and ensuring their location is precise.

43. How does wear on an orifice plate's edge affect its accuracy?

Wear, erosion, or rounding of the sharp upstream edge of the orifice will cause the
discharge coefficient (Cd ) to increase. This will cause the meter to read consistently low.
The flow is actually higher than what the meter reports.

44. Can a DP meter measure bidirectional flow?

No. Standard DP elements like orifice plates and pitot tubes are designed to be installed in
one specific direction. If the flow reverses, the pressure profile will not match the design,
and thereading will be meaningless.

45. Whatis a "hot tap" installation?

A hottapis a procedure for installingan instrument, like an averaging pitot tube, into a pipe
while the process is still running and under pressure. It involves welding a fitting onto the
pipe, attaching a specialvalve, and then using a specialized drilling machine to cut through
the pipe wall.

46. What is a "wedge" meter?
A wedge meter is a type of DP meter that uses a V-shaped wedge as the restriction

element. It is particularly well-suited for measuring viscous or slurry-type fluids because
its sloped design is self-cleaning and resistant to plugging.
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47. What is a cone meter (e.g., V-Cone)?

A cone meter places a cone-shaped element in the center of the pipe. The fluid flows in the
annulus around the cone. The pressure difference is measured between the upstream side
and the low-pressure portin the center of the cone's downstream face. They have good
accuracy, low PPL, and require much shorter straight pipe runs than an orifice plate.

48. Why is it important to ensure impulse lines have a continuous slope?

The lines must have a continuous slope (upwards for gas, downwards for liquid) with no
high or low points.

e High points in a liquid line can trap gas bubbles.

e Low points in a gas line cantrap liquid condensate. Either situation will introduce
errors into the DP measurement.

49. What is "zero drift" in a DP transmitter?

Zero drift is a condition where the transmitter's outputis not zero when the actual
differential pressure is zero. It can be caused by temperature effects, overpressure events,
or aging of the electronics. It is corrected by performing a "zero trim" using the manifold to
equalize the pressure on both sides of the sensor.

50. You need to select a DP flow meter. What are the key factors to consider?

Fluid Properties: Is it a clean liquid, gas, steam, or slurry? What s its viscosity?
Process Conditions: What are the operating temperature and pressure?
Performance Requirements: What is the required accuracy and turndown ratio?
Economic Factors: Whatis the budget (initial cost)? How importantis energy
efficiency (operating cost/PPL)?

5. Installation Constraints: Are there sufficient straight pipe runs available? What is
the line size?

o bd =



