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      This edition adds a proper introduction, concise theory summaries before each major topic,
      rearranges the original fragmented solutions into logical engineering sections, and provides
      a fully clickable hierarchical table of contents.
    

  

  
    1. Introduction

    
      This volume collects worked solutions to selected problems in fluid mechanics and turbomachinery.
      The original electronic edition was produced with Kindle Create and consequently consisted of
      more than 130 extremely short XHTML fragments with an almost flat, non-hierarchical table of
      contents. The present edition reorganises that material into a coherent pedagogical structure.
    

    
      Each major section begins with a short Summary of Theory that recalls the essential
      equations, assumptions and physical principles needed to understand the subsequent solutions.
      Problems are then presented in a natural order—from fluid statics and open-channel flow,
      through pipe networks, to the various classes of turbomachines (impulse and reaction turbines,
      axial and centrifugal machines, pumps and compressors). A final section treats residence-time
      and water-quality mixing problems that frequently appear in environmental fluid-mechanics courses.
    

    
      Readers are expected to have a working knowledge of undergraduate fluid mechanics (continuity,
      Bernoulli / energy equation, momentum equation, dimensional analysis) and of the basic
      thermodynamics of ideal gases. Vector diagrams (velocity triangles) are central to the
      turbomachinery chapters; they are described in words when the original figures are not
      reproduced here.
    

    
      Notation. Conventional symbols are used throughout: u or U for blade speed,
      V for absolute velocity, W or Vr for relative velocity, subscripts 1 and 2
      for inlet and outlet of a blade row, η for efficiency, R for degree of reaction,
      etc. Specific units are stated with each numerical problem.
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    3. Fluid Statics & Gas Laws


    3.1 Summary of Theory

    
      Boyle’s Law (isothermal process). For a fixed mass of ideal gas held at constant temperature,
      pV = constant, or equivalently p1V1 = p2V2.
      When air is trapped under an inverted open can floating on a liquid, the pressure of the trapped
      air increases as the can is forced deeper, reducing the volume of the air cushion according to Boyle’s law.

      Vertical force balance. At equilibrium the weight of the can plus any external force equals
      the buoyant force (weight of liquid displaced) plus the net pressure force acting on the air cushion.
      Writing the balance at the submerged position and substituting the Boyle-law relation yields the
      required submerging force.

    


    3.2 Floating Can Problem

    
      Problem statement.

      A cylindrical can with one end open floats on a liquid of density ρ
      with the open end down. The can has weight W and is supported by the air trapped inside.
      It floats with a length h above the liquid surface. Assuming the air remains isothermal,
      determine the additional force F required to submerge the can completely. The cross-sectional
      area of the can is A.

      Solution outline.

      1. Apply Boyle’s law between the floating and fully-submerged positions.

      2. Write the vertical force balance at the fully-submerged position (weight + F = buoyancy + net
      pressure force on the air cushion).

      3. Eliminate the unknown air pressure by means of the Boyle-law relation and solve for F.

      The final expression for the force is obtained after algebraic rearrangement of the three equations
      above. (Detailed algebra appears in the original fragment files.)

    

  

  
    4. Open-Channel Flow & Hydraulic Jumps


    4.1 Summary of Theory

    
      Sluice-gate flow. The discharge under a sluice gate is commonly expressed with a contraction
      coefficient Cc:

      Q = Cc a b √(2gH) (or the more accurate form that accounts for the upstream
      velocity head). Downstream of the vena contracta a hydraulic jump may form if the tail-water depth
      is appropriate.

      Hydraulic jump (rectangular channel). Momentum balance between the supercritical and
      subcritical sections yields the sequent-depth relation

      y2/y1 = ½ (−1 + √(1 + 8 Fr1²)).

      Force on a sluice gate. Horizontal hydrostatic forces act on the upstream and downstream
      faces of the gate. When the gate is supported on low-friction bearings the vertical force needed
      to lift the gate equals the net hydrostatic force multiplied by the coefficient of friction.

    


    4.2 Almaden Canal – Hydraulic Jump & Gate Force

    
      Problem.

      The Almaden Canal is 20 ft wide and carries 1000 cfs. A sluice gate maintains an
      upstream water level of 10 ft. The gate opening is 3.27 ft and Cc = 0.611.

      (a) Determine the tail-water depth required to form a hydraulic jump immediately downstream of the gate.

      (b) The gate rests on ball bearings (μ = 0.60). Find the force required to lift the gate. Neglect
      channel slope, bed friction and gate weight.

      Solution (a).

      Compute the vena-contracta depth y1 = Cc × opening,
      then the Froude number, then apply the sequent-depth formula to obtain the required tail-water depth
      y2.

      Solution (b).

      Evaluate the net horizontal hydrostatic force on the gate and multiply by the
      friction coefficient to obtain the lifting force.

    

  

  
    5. Pipe Networks


    5.1 Summary of Theory

    
      In a pipe network the continuity equation must be satisfied at every junction and the energy
      (or head-loss) equation around every independent loop. Head loss is customarily expressed by the
      Hazen–Williams or Darcy–Weisbach formula, both of which are nonlinear in discharge. The resulting
      system of nonlinear algebraic equations is most efficiently solved by the Newton–Raphson method
      (or by the classical Hardy-Cross successive-correction method). For large networks the Jacobian
      matrix of the Newton system is sparse and can be handled by specialised sparse solvers.

    


    5.2 Newton–Raphson Solution of a Pipe Network

    
      The original material presents a concrete small network, writes the nonlinear continuity and
      loop equations, performs Newton–Raphson iterations, and briefly discusses the generalisation
      to large networks. The key steps are:

      • Form the residual vector F(Q) from continuity and loop equations.

      • Compute the Jacobian J = ∂F/∂Q.

      • Iterate Q(k+1) = Q(k) − J−1F until convergence.

    

  

  
    6. Turbomachinery Fundamentals & Impulse Turbines


    6.1 Summary of Theory

    
      Euler’s turbine equation. The specific work transferred to the rotor is

      w = u1Vθ1 − u2Vθ2 (or, with the usual sign convention
      for turbines, w = u(Vw1 + Vw2) when the whirl components are in the
      same rotational sense).

      Velocity triangles. Absolute velocity V, blade velocity u and relative velocity
      W form a closed triangle at both inlet and outlet. Blade angles are measured from the
      peripheral direction; nozzle (or absolute) angles from the same direction.

      Impulse stage. All pressure drop occurs in the nozzle; the rotor passages are constant-area
      (or nearly so) and the relative velocity is essentially constant in magnitude (apart from friction).
      The degree of reaction is therefore zero.

      Blade efficiency of a simple impulse stage is

      ηb = 2u(V1 cos α1 − u)(1 + k cos β2)/V1²
      (k = friction factor). Maximum efficiency occurs near the design speed ratio u/V1 ≈ ½ cos α1.

    


    6.2 Single-Stage Impulse Turbine

    
      A single impulse turbine has mean diameter 1.5 m, runs at 3000 rpm, nozzle angle 20°, speed ratio 0.45,
      blade friction factor 0.9, and the outlet blade angle is 3° less than the inlet blade angle. Steam
      mass-flow rate is 6 kg/s. Draw the velocity diagrams and determine axial thrust, blade angles and
      power developed.

      Solution proceeds by constructing the inlet and outlet velocity triangles, evaluating the whirl and
      axial components, then applying Euler’s equation for power and the axial-momentum equation for thrust.

    


    6.3 Curtis Stage (Two Moving Blade Rows)

    
      In a velocity-compounded (Curtis) stage the nozzles discharge onto a first moving row, the flow then
      passes through a fixed reversing row and finally through a second moving row. The total enthalpy drop
      is converted into kinetic energy in a single nozzle; the two moving rows share the work. Velocity
      triangles are drawn for both rows; work is the sum of the Euler work of each row.

    


    6.4 Maximum Blade Efficiency of an Impulse Turbine

    
      Starting from the expression for blade efficiency, differentiate with respect to the speed ratio
      u/V1 and set the derivative to zero. The resulting optimum speed ratio is substituted
      back to obtain the classic result ηb,max = ½(1 + k cos β2) cos² α1
      (for a simple impulse stage).

    

  

  
    7. Reaction Turbines, Kaplan & Axial Machines


    7.1 Summary of Theory

    
      Degree of reaction. R is the fraction of the stage enthalpy drop that occurs in the rotor.
      For a normal reaction stage R ≈ 0.5; for an impulse stage R = 0. In terms of velocity
      components one useful expression is

      R = (Vr2² − Vr1²)/(2u(Vw1 + Vw2)) (axial machine).

      Unit quantities (similarity parameters for hydraulic turbines):

      Unit speed N1 = N/√H, Unit discharge Q1 = Q/√H, Unit power P1 = P/H3/2.

      Specific speed Ns = N√P / H5/4 (metric) characterises the geometry of the machine.

      Affinity (similarity) laws allow the performance of a homologous machine at a different head
      or speed to be predicted from known data.

    


    7.2 Turbomachines versus Positive-Displacement Machines

    
      Key contrasts: continuous vs intermittent flow; dynamic vs volumetric pressure rise; high-flow /
      moderate-pressure vs low-flow / high-pressure; high rotational speed vs low speed; generally higher
      efficiency and more compact size for turbomachines.

    


    7.3 Unit Quantities & Specific Speed

    
      Definitions and derivations of unit speed, unit discharge and unit power follow directly from
      dimensional analysis (or from the affinity laws). Specific speed is formed by eliminating diameter
      between the unit-speed and unit-power expressions.

    


    7.4 Kaplan Turbine Similarity Problem

    
      Given a Kaplan turbine (P = 30.695 kW, Q ≈ 108.6 L/s, N = 63.6 rpm, D = 1 m). Find the runner
      diameter, discharge and speed of a similar machine that develops 2000 kW under a head of 30 m.
      Solution uses constancy of specific speed and the affinity relations for homologous machines.

    


    7.5 Axial-Flow Turbine & Degree of Reaction

    
      Velocity-triangle analysis yields the energy transfer (Euler work) and the degree of reaction.
      Typical design assumptions (constant axial velocity, zero inlet whirl or prescribed blade angles)
      are used to obtain closed-form expressions for R.

    

  

  
    8. Centrifugal Pumps & Compressors


    8.1 Summary of Theory

    
      For a centrifugal (radial-flow) machine the Euler work is again u2Vu2 − u1Vu1.
      With zero inlet swirl the theoretical head is Hth = u2Vu2/g.
      The degree of reaction of a centrifugal compressor stage can be expressed in terms of the blade
      angles and the flow coefficient. Slip, hydraulic losses and mechanical losses reduce the actual
      head and efficiency below the ideal Euler values.

    


    8.2 Centrifugal-Pump Head & Power

    
      Given geometry and operating speed, construct the outlet velocity triangle, evaluate the whirl
      component, then compute theoretical head and power. Corrections for slip and efficiency may be
      applied if data are supplied.

    


    8.3 Axial-Compressor Degree of Reaction

    
      Starting from the definition of reaction and the velocity triangles of a repeating stage, an
      expression relating R to the blade angles (or to the flow and loading coefficients) is derived.

    

  

  
    9. Hydraulic Residence, Mixing & Water Quality


    9.1 Summary of Theory

    
      Hydraulic residence time (theoretical) is simply volume divided by volumetric flow rate:
      τ = V/Q. In real systems a residence-time distribution (RTD) exists; tracer tests are used
      to characterise it.

      Conservative mixing. A simple mass balance at a confluence or discharge point gives the
      mixed concentration C = (Q1C1 + Q2C2)/(Q1+Q2).

      BOD / reactive substances. First-order decay C = C0 e−kt is
      combined with the hydraulic residence time (or with the travel time along a river) to obtain
      downstream concentrations. Multi-pond systems are solved by successive application of the
      mass-balance + decay equations.

    


    9.2 Residence-Time and Tracer-Mixing Problems

    
      Problems treated include calculation of hydraulic residence time, interpretation of a tracer
      study on the Rappahannock River, and mixing of a conservative substance at a discharge point.

    


    9.3 BOD & Multi-Pond Systems

    
      Typical exercises: two-pond BOD calculation, BOD downstream of a municipal outfall, mixing of
      an agricultural discharge, and reaction-kinetics / material-balance problems. Each is solved by
      writing the appropriate steady-state mass balance for every control volume and inserting the
      first-order decay term where required.

    

  

  
    Closing Remarks

    
      The solutions collected in this volume illustrate the standard analytical techniques used in
      fluid-mechanics and turbomachinery courses: control-volume mass and momentum balances,
      velocity-triangle analysis, dimensional similarity, and simple reactor models for environmental
      applications. Readers are encouraged to redraw every velocity diagram themselves and to verify
      numerical results with the original problem data.
    

    
      This restructured edition was prepared to remedy the fragmentary organisation of the original
      Kindle Create EPUB. All theoretical summaries and the logical ordering of sections are new;
      the numerical solutions themselves follow the original worked answers of Rahul Basu (2025).
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