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 ABSTRACT  ITTC’78 Performance Prediction Method is the only existing standard procedure approved by ITTC to carry out predictions of ship performance based in model tests results. It has been successfully applied from 1978 by towing tanks directly or introducing some variations. But it has been explicitly recognized by ITTC that this method must be only applied to conventional propellers and cannot be applied to Unconventional Tip Shape propellers.   This kind of propellers is one of the best options to save energy in marine propulsion. However, as at model scale these improvements are not clearly shown, the lack of a standard procedure to be applicable to this type of propellers reduces in many projects the possibilities to implement energy saving propellers.   In this study a new procedure will be explained in detail going a step deeper in the basic principles of viscous effects depending of the local section Reynolds number.   The validation work here presented confirms that ITTC’78-PPM is not useful to predict propulsion characteristics of unconventional tip shape propellers and that present proposed method predicts with reasonable accuracy propulsion characteristics of conventional and unconventional propellers, monoblock or CPP type and it is repetitive and easy to implement.    KEYWORDS: Propellers, performance prediction, open-water tests, model to ship extrapolation, unconventional tip blade shape.        
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RESUMEN  El método ITTC’78-PPM es el único procedimiento estándar aprobado por la ITTC para llevar a cabo predicciones del comportamiento propulsivo del buque basadas en ensayos con modelos. Para hélices convencionales ha sido aplicado con éxito desde 1978 por los Canales de Experiencias directamente o con variaciones; pero ha sido reconocido por la propia ITTC que no se puede aplicar a los propulsores con formas no-convencionales del extremo de las palas.  Este tipo de hélices es una de las mejores opciones para ahorrar energía en la propulsión de buques. Sin embargo, los ensayos con modelos no detectan estas mejoras directamente y por consiguiente la falta de un método aceptado reduce las posibilidades de instalación de estas hélices con mejores rendimientos.  En este trabajo se explica en detalle un nuevo procedimiento avanzando un paso más en los principios físicos de la resistencia viscosa que depende del número de Reynolds local.  La validación realizada confirma que el método ITTC’78-PPM no se puede usar para hélices no-convencionales mientras que el método propuesto predice con una precisión razonable el comportamiento propulsivo de hélices convencionales y no-convencionales, sean de paso fijo o CPP, y que tiene un carácter repetitivo y es fácil de implantar.   PALABRAS CLAVE: Propulsores, predicción del rendimiento propulsivo, ensayos de propulsor aislado, extrapolación modelo-buque, formas de extremo de pala no-convencionales.   
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1. INTRODUCTION.  
ITTC’78 Performance Prediction Method (1) (ITTC’78-PPM) has been successfully applied, directly or with some variations, in many Institutions, Towing Tanks and specialized companies from 1978 when it was recommended to be used by ITTC. This method includes a procedure to extrapolate propeller open water tests (OWT) results of conventional propellers from measurements at model scale to predictions at full scale. This has a large influence in the final values of power, rpm and propulsive coefficients predicted for full scale. However last ITTC Reports on propellers (2) have recognized that this method cannot be applied to others than conventional propellers, and in consequence have recommended to full Conference (that represents a very important part of the Hydrodynamics worldwide Community) to develop a standard procedure for the open water hydrodynamic characteristics scaling applicable to unconventional tip shape propellers as CLT, Kappel and tip raked type propellers.   Basic principle to apply corrections to OWT model results is the different Reynolds number of the model tests compared to full scale operation. That means that viscous effects in propeller blades are also different. In consequence propeller open water parameters KT and KQ measured at model scale must be corrected to obtain appropriated values to be used for predictions at full scale. Correction method for conventional propellers implemented in ITTC’78-PPM was based in an extensive work during several years before recommendation analyzing a lot of correlation data for many types of ships for which model tests and sea trials data were available (for instance see (3)). For new types of unconventional propeller blades this is not the case; there are not so many published data to allow sea trials results to be correlated with model tests results.  It is a fact that unconventional propellers have proved in many cases at full scale that ship propulsion efficiency increases with these types of propellers when comparing to conventional propellers; however at model scale this improvement is not clearly shown and therefore it is neither shown in the standard predictions of many experimental facilities. The lack of a standard procedure to be applicable to this type of propellers is many times an obstacle to the possibility to implement energy saving propellers. Perhaps for that reason a considerable amount of work has been made in recent years on this question.    In this study a new procedure based in the strip method will be derived to compute OWT corrections by applying different expressions of the friction line more in accordance with the expected type of flow in each section of the propeller blade, depending of the section Reynolds number. The simplification of equivalent profile in which ITTC’78-PPM is based will not be used anymore. So this new strip method would substitute only the calculation of OWT corrections but other components of ITTC’78-PPM will remain without changes.   The objectives of this report are to: 
 Develop and describe in detail a new method to compute OWT corrections, being repetitive and easily applicable to any kind of propeller, conventional, end plate, curved rake tip, etc.  
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 Validate this method by applying it to a comprehensive set of propellers of conventional and unconventional types which data are available to the authors. 
 Put a set of data relative to CLT propellers at the disposal of interested researchers.   2. DESCRIPTION OF THE NEW OPEN WATER SCALING PROCEDURE.  2.1 OW corrections according to ITTC’78 PPM. 
 ITTC’78 method is used to predict rate of revolution and delivered power of a ship from model tests results. Viscous and residuary resistances of the ship are calculated from the model resistance test assuming the form factor to be independent of scale and speed. Standard predictions of rate of revolutions and delivered power are obtained from the full scale propeller characteristics. These characteristics are determined by correcting model values measured in OWT. These corrections are based in the assumption of the equivalent profile, substituting the whole blade for the station at 0.75 radius. Hence the propeller characteristics KT(J) and KQ(J) measured in Open Water model test have to be scaled to full scale using the following expressions:  

ௌ்ܭ = ெ்ܭ +   ்ܭ߂
ொௌܭ = ொெܭ +  ொܭ߂

 Where: 
்ܭ߂ = ܥ߂− ∙ 0.3 ∙ ܲ

ܦ ∙ ܿ ∙ ܼ
ܦ  

 
ொܭ߂ = ܥ߂ ∙ 0.25 ∙ ܿ ∙ ܼ

ܦ  
 
The difference in drag coefficient CD is: 
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ௌܥ = 2 ൬1 + 2 ݐ
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ቇ
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   In the formulae listed above D is propeller diameter and Z is number of blades of propeller, c is the chord length, t is the maximum thickness, P/D is the pitch ratio and Rnco is the local 
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Reynolds number at x= r/R= 0.75. The blade roughness kp is put to kp=30.10-6 m. Rnco must not be lower than 2.105 at the open-water test.  All these formulae have been derived by using the equivalent profile theory that is a simplification of the blade element theory applied to the station x= 0.75.  Following main remarks must be taken into account about OWT corrections implemented in ITTC’78-PPM:  1.- This method is not able to distinguish different blade geometries due to the assumption of equivalent profile theory. In particular is not applicable for unconventional tip shaped propellers but even in case of blade geometries different from the “standard” type in use in the 1970’s there can exist some inaccuracies. But this is a general method for conventional propellers very easy to apply and gives a good approximation to predict full scale performance from model tests within a large range of propeller diameters and model scales. Any new method that could be developed must give for conventional propellers similar corrections for scaling Open Water tests results.  2. The condition that Rnco must not be lower than 2.105 at the open-water test is the criterion generally accepted in order to avoid that laminar flow will be developed over the blade. But as this condition is usually applied to section 0.75R this not assures that there is not a significant part of the blade with laminar flow at lower radius.  

 Figure 1: Comparison of different formulae for CF.  3. It must be noticed that CDM is calculated as function of Rnco, whilst CDS is calculated based in the well-known formula derived by Prandtl and Schlichting for fully turbulent flow over roughness plates for high values of Rn where CF values became independent of Rn. The assumption was that full scale blades had larger roughness than propeller models. Nowadays Class requirements for finishing of propeller blades have improved and it is not clear that this formula can be used for all cases.  4. However formula used for CDM (or CFm) is a pragmatic approach that generates similar values that other formulae at turbulent Rn (>1.0 x 107), where it is not to be used, but at Rn corresponding to model tests (around 1.0 x 105) it matches the expression of Blasius for laminar flow, but it has a slope that avoid larger values of CFm in case that Rn of model would 
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be lower than this value (Fig. 1). For model tests at Rn <1.0 x 105 it can produce results with no technical sense.  5. Calculations of OWT corrections according to ITTC’78-PPM must fulfil the conditions established in this procedure; but for different reasons sometimes the size of the model is not adequate or the value of rps of the test does not assure that laminar flow is not present. And in some marginal cases, when D of model is relatively small and rps of OWT are not high enough, the application of this procedure can generate corrections out of technical sense. A new version of this procedure that could take into account all this would be very useful.   2.2 Different possible approaches. 
 A new method must be developed trying to contribute to solve the problem that OWT corrections in ITTC’78-PPM, being based in the approach of the equivalent profile, that identifies the behavior of the whole blade with the behavior of the blade cylindrical section at 0,75R, make impossible to distinguish advanced forms of blade propellers like end plate, tip raked, etc.   Three main approaches have been published in recent years:  A) Semi-empirical methods. A good example of this method is the procedure published and applied by SISTEMAR and CEHIPAR to CLT designs (4). This method was based on the addition of new correlation coefficients for propeller blade and for end plate to the formulation used in ITTC’78-PPM. These coefficients have been adjusted to obtain a good correlation with sea trials results.  B) Strip methods. The scaling is achieved by dividing the propeller in a series of chord-wise “strips”, by calculating the “local” scale effects on each strip, and finally by integrating the “local” scale effects in order to obtain the “global” propeller scale effects. An example of these methods has been published (5) and it is applied at present in HSVA also in case of non-conventional propellers. There are several variants of this method depending mainly of the treatment of how to calculate CD for model scale tests.  C) CFD based methods and/or Panel Methods. There are also several variants of these methods and several commercial or in-house developed available codes. General approach to use these methods to compute OWT corrections is to compute independently for model scale and full scale cases and correlate the results. This usually implies to use different mesh sizes, different turbulent models, to use of transition modelization or not, etc., being by the moment needed intensive use of large resources and time demanding. As the results depend not only of the code but of the user, it is very difficult to homologate a “standard” that can be used for many people with same results. Quite a lot of research have been done for conventional and tip loaded propellers (7,8). Propulsion Committee of ITTC has at present open a benchmarking CFD exercise to compare results of different institutions using the same unconventional tip loaded and bent propeller P1727 designed by SVA Potsdam for an ongoing research project.   
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2.3 Development of new procedure. 
 The procedure presented in this study belongs to approach B). In this section a new method will be derived applying different expressions of the friction line more in accordance with the expected type of flow in each section of the propeller blade depending of the local Reynolds number. The simplification of equivalent profile will not be used anymore.  

 Figure 2: Diagram of velocities and forces in a blade section.  2.3.1 Basic formulation.   Starting expressions to derive the influence of viscosity in OW scaling came from blade element theory (see fig. 2):  
݀ܶ = ܮ݀ ∙ ߚݏܿ − ܦ݀ ∙ ொܨ݀ ߚ݊݁ݏ = ܮ݀ ∙ ߚ݊݁ݏ + ܦ݀ ∙ ܳ݀ ߚݏܿ = ݎ ∙  ொܨ݀
 
ܥ = ܦ݀

12 ߩ ∙ ோܸଶ ∙ 2 ∙ ܿ ∙ ݎ݀ = ܦ݀
ߩ ∙ ோܸଶ ∙ ܿ ∙  ݎ݀

 CD values are different in model tests and in full scale operation due to differences in Reynolds number and consequently different type of flow developed over blade surface. So assuming that there are not scaling effects in Lift, we can express the influence of a variation in CD in OW coefficients:  
(ܶ݀)ߜ = (ܦ݀)ߜ− ∙ ߚ݊݁ݏ = (ܥ)ߜ− ∙ ߩ ∙ ோܸଶ ∙ ܿ ∙ ݎ݀ ∙ (ܳ݀)ߜ ߚ݊݁ݏ = ݎ ∙ (ܦ݀)ߜ ∙ ߚݏܿ = (ܥ)ߜ ∙ ߩ ∙ ோܸଶ ∙ ܿ ∙ ݎ ∙ ݎ݀ ∙   :  The Open Water coefficients KT and KQߚݏܿ
்ܭ = ்
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ఘ∙మ∙ఱ 

 
ௌ்ܭ = ்ܭ + ொௌܭ   and  ்ܭߜ = ொܭ +  ொܭߜ
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It has to be noticed that corrections due to end plate are an important part of total corrections as it is represented in next figures:  

 

  Applying these corrections predictions at full scale are much more in line with sea trials measurements:  
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