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Summary

Summary

Boiler feed water pumps provide feed water to the steam generator in thermal power 

plant operation. To reach the required high pressure levels, a high performance 

multistage pump design applies.

The energy conversion of multistage pumps strongly depends on the design of the

diffuser being installed downstream to the impeller.

So the main target of this investigation was to evaluate the influence of different

diffuser designs on the gradient and stability of the resulting performance curves, the 

maximum efficiency and the space requirements of the relevant hydraulic stage 

design.

Furthermore, the results shall contribute to increase the power density of hydraulic 

stages by minimizing their scale ratio at constant efficiency levels due to optimized 

diffuser design.

Therefore a full-scale hydraulic stage of a high pressure multistage pump has been 

set up to conduct model tests with air. The tests were performed to investigate and 

compare the performance curves of the following different consecutive impeller-

diffuser-combinations; within the test series, the impeller remained unchanged:

� guide ring,

� radial diffuser,

� lateral bypass diffuser and

� hybrid diffuser.

As a prerequistite to the investigation, the suitability of model tests with air instead of 

water was attested. Due to non-conforming viscosity values of air and water flow,

physical similarity of both flows cannot be achieved. Nevertheless, the relevant 

similarity conditions are sufficiently fulfilled in compliance with adequate Reynolds 

numbers during investigation. This was shown by experimental evidence. 

Furthermore, the scope of validity of similarity laws could be extended also for the 

total power consumption for the applicable test arrangement.



Summary

Consecutively, the results of model tests with air can be transferred to water 

applications.

The basis of comparison for the investigated diffuser designs is the most common

radial diffuser. The space requirement of this arrangement results to a scale ratio of 

1,5. The basic performance curve shows the well known instability at part load 

condition for the applicable specific speed range with a reverse gradient towards 

shut-off head. Further slight discontinuities are induced by part load recirculation flow 

phenomena at the inlet and outlet of the impeller. The gradient of performance curve 

results to 1,19 which is slightly below the common applicable range for boiler feed 

water pumps.

The application of a guide ring significantly expands the operating range. The best 

efficiency point switches to considerable higher flow rates. This seems to result to 

steep performance curves regarding the absolute gradient. The relative comparison 

to the radial diffuser design makes clear that the guide ring provides the minimum 

steepness of all stage designs. The efficiency loss results to 6% which is too high for 

economic use in high performance power plant operation. 

Generally, the flow develops according to the law of conservation of angular 

momentum. So the energy conversion depends on the inlet and outlet diameter of

the guide ring. In case of unlimited space requirements, enlarged outer diameters 

ensures increased energy conversion rates and higher efficiency. Basically enlarged 

outer dimensions of hydraulic stages cannot be considered for high performance 

applications so the guide vane design is not competitive.

The lateral bypass diffuser reduces the scale ratio to 1,29 and concurrently provides 

equal performance characteristics compared to the radial diffuser design with 

identical best efficiency points and efficiency values. So the power density of this 

stage design is increased. The energy conversion at part load and overload provides 

decreased energy losses which results to relative higher gradients. This effect is 

expected to increase in multistage applications due to continuous unidirectional 

guided flow. The above mentioned part load instability is reduced.



Summary

Both stage designs are comparable from the technical point of view. Due to reduced 

scale ratio, the lateral bypass diffuser stage provides a higher power density. This 

leads to the requirement of economic evaluation of both concepts. The increased 

steepness of the performance curve must be assessed with respect to power plant 

operation requirements.

The space requirements of the investigated primary hybrid diffuser stage is further 

reduced to a scale ratio of 1,13 and provides an acceptable power density level

although the efficiency loss of 6% is noneconomical regarding life cycle costs. 

Compared to the radial diffuser stage design, the operating range is slightly 

increased due to the lack of impact losses caused by impeller-diffuser-interactions.

The absolute gradient of the performance curve correlates to the radial diffuser 

characteristic but the relative comparison shows clearly a flat curve corresponding to 

the guide ring stage design. The unidirectional flow may also lead to an increased 

gradient of performance curve in multistage arrangements. Compared to the other 

concepts, the hybrid stage provides the most stable performance curve.

In total, the hybrid stage design provides the utmost potential to essentially increase 

the power density of multistage pumps. The hydraulic outline of the primary design is 

actually very simple, so the efficiency can be further increased by additional 

optimization efforts.

The acceptable deviation in efficiency compared to the high-performance stage 

designs depends on the pump’s designation and load spectrum during power plant 

operation and must be valued individually in detail.

In this regard, the determination of the upstream flow pattern by means of hot wire 

anemometry contributes to improving the design methods of hybrid diffusers.



 



Kurzfassung

Kurzfassung

In thermischen Kraftwerken versorgen Kesselspeisepumpen die Dampferzeuger mit 

der benötigten Menge an Speisewasser mit den hierfür erforderlichen hohen 

Drücken. Aufgrund ihrer Funktion und Leistungsdichte unterliegen sie dabei der 

Forderung nach höchstmöglichem Wirkungsgrad und Verfügbarkeit.

Der Arbeitsumsatz solcher mehrstufiger Gliederpumpen wird in der hydraulischen 

Stufe maßgeblich durch den dem Laufrad nachgeschalteten Leitapparat bestimmt. 

Ziel der Arbeit war es, den Einfluss verschiedener Leitapparate auf die Steigung und 

Stabilität der Kennlinien, den jeweils erreichbaren Wirkungsgrad sowie die 

erforderliche Baugröße von Gliederpumpenstufen zu beurteilen. Weiterhin sollten die 

gewonnenen Ergebnisse dazu beitragen, die Leistungsdichte der hydraulischen 

Stufe durch Optimierung des Leitapparates zu erhöhen, indem unter Beibehaltung 

eines möglichst hohen Wirkungsgrades die Baugröße der Stufe minimiert wird.

Zu diesem Zweck wurde an einer maßstäblich nachgebildeten Stufe einer 

Hochdruckgliederpumpe im Modellversuch mit dem Strömungsfluid Luft das 

Förderverhalten der folgenden systematisch aufeinander aufbauenden Laufrad -

Leitapparat - Kombinationen mit jeweils gleichem Laufrad miteinander verglichen:

� Leitringstufe,

� Radiale Leitradstufe,

� Leitradstufe mit seitlicher Umführung und

� Zwitterradstufe.

Die erzielten Resultate der einzelnen Kombinationen mit der klassischen radialen 

Leitradstufe zeigen, dass auch bei merklicher Reduzierung der Stufenbaugröße 

vergleichbare Leistungsdichten und Wirkungsgrade erzielt werden können. In der 

Gesamtheit betrachtet, liegt in der Zwitterradstufe mit kleinstmöglicher Stufen-

baugröße das größte Potenzial zur deutlichen Erhöhung der Leistungsdichte einer 

Gliederpumpenstufe.

Die Erfassung der Strömungsverhältnisse in der Zwitterradstufe mit Hilfe der 

Hitzdrahtmesstechnik trug weitere Erkenntnisse zur Verbesserung des Auslegungs-

verfahrens bei.
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