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Humidity, Condensation and Temperature RiseHumidity, Condensation and Temperature Rise

§Homogeneous and Heterogeneous Condensation

§Water droplets appear and two – phase flow with heat and 
mass transfer between water and the gas mixture occur

§Release of the latent heat of vaporization produces a 
temperature rise of the gas mixture

§Condensation is a thermodynamically irreversible process, 
resulting in loss of stagnation pressure
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Turbine Efficiency DeterminationTurbine Efficiency Determination

Thermodynamic Method

§Temperature Measurement

§Pressure Measurement

§Gas Composition

Mechanical Method
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§Flow Measurement

§Torque Measurement

§Shaft Speed Measurement

§Gas Composition

, 1

3
1 1

1

T is

tp t t

Nn
pc m T p

γ
γ

τ
 
          
  

−
⋅=

⋅ ⋅ ⋅ −&



7

 LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

Moisture Condensation Effect on Turbine Performance Tests

0

400

800

1200

1600

2000

270 280 290 300 310
T(K)

pv
ap

(P
a)

Liquid VapourSaturation Line
1

21

22
condensation and 
vapour in equilibrium

conditions if no 
condensation occured

2

Condensation during ExpansionCondensation during Expansion

Phase Diagram for Water Phase Diagram for Water 



8

 LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

Moisture Condensation Effect on Turbine Performance Tests

Moisture Condensation Effect on Turbine Performance Moisture Condensation Effect on Turbine Performance 
TestsTests

§Ambient Humidity and Condensation

§Test Rig Model

§Test Case
§Condensation Prediction

§Measurements Correction

§Condensation Avoidance

§Conclusions



9

 LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

Moisture Condensation Effect on Turbine Performance Tests

Test Rig Model

Typical MeasurementsTypical Measurements
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Test Rig Model

Objective

§Evaluation of isentropic efficiency as if no condensation occurs

Steps

§Prediction of condensation

§Calculation of condensed water

§Calculation of the exit conditions as if no condensation occurs
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Test Rig Model

Calculation of Condensed Water

§Assuming Equilibrium Saturation at Turbine Exit

§Condensate Quantity Calculated based on Static Conditions

§Conservation of enthalpy (total to static)

§Conservation of entropy (total to static)

§Conservation of mass
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Test Rig Model

Calculation of “Dry” Exit Conditions

§Assuming Instant Condensation

§Calculation of Exit Conditions as if no Condensation had Occurred

§Conservation of Energy

§Conservation of Momentum

§Conservation of Mass
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Test Facility

Typical Test Rig with two additional measurements at duct exit (Typical Test Rig with two additional measurements at duct exit (RH, RH, TtTt))
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Test CaseTest Case
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Condensation PredictionCondensation Prediction
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Condensation PredictionCondensation Prediction

Correlation of measured Relative Humidity with CondensationCorrelation of measured Relative Humidity with Condensation
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Measurements CorrectionMeasurements Correction
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ConclusionsConclusions

§Condensation in cold flow turbine testing alters significant 
the measurements

§Condensation regions may be predicted accurately without 
additional measurements

§The efficiency corrected for condensation is consistent with 
the efficiency calculated from dry measurements

§The implementation of the method is possible to assure 
condensation free tests


