
THE PILLER VAPOMAXX
Our smart compressor design
我们的智能压缩机设计

Vorführender
Präsentationsnotizen
Hello and welcome everyone to this Piller VapoMaxX Webinar. I hope you are all comfortable and can hear and see me well. Before we start there is one thing to clarify. You are all on mute and cannot ask questions during the webinar. What you can do is post questions in the chatroom and we will gather them. After the presentation is finished, I will read the most interesting out loud and answer them. All other questions will be directly answered to the posting person in an email afterwards. 

 I’m glad that I can do this presentation for you and give you an insight into Piller Blowers and Compressors as a company as well as our VapoMaxX, our smart compressors specifically engineered for vapor and steam service. You will learn about the overall performance range, the general and special features, and spare parts and maintenance of the unit.  At the end of this presentation, I will show you the possibilities with our compression heat pump technology utilizing our blowers with an example of an already installed system. Last not least we’ll have a look at some references. 
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Vorführender
Präsentationsnotizen
But first please let me introduce myself and my company a little bit�My name is Steffen Kuberczyk, I’m the Chief Sales Officer of Piller, working with the company for 20 years now. Piller itself was founded in 1909 and is in the business of blower manufacturing ever since. We are specialized in custom made blowers and main expertise is vapor compression services. Throughout the years we moved more and more towards this direction, leading us to our unparalleled machines that we produce today.  
 



OUR VAPOMAXX AT A GLANCE
VAPOMAXX一览

BENEFITS
− Efficiency of up to 86.5 percent

效率高达86.5%
− Perfect solution for any steam compression with system

pressures up to 20 bar(g)
完美的蒸汽压缩解决方案，系统压力最高可达 20 bar(g)

− Combines the advantages of our high-performance blowers
结合了我们高性能鼓风机的优点

− Main components already engineered
工程化的主要部件

− Pull-out rotor unit for easy maintenance and service
推拉式转子单元便于维护和保养

− For any upgrade for existing plants or processes and for new
installations
适用于现有设备或工艺的任何升级，以及新设备的安装

Vorführender
Präsentationsnotizen
The question you might ask is why did Piller developed a machine like the VapoMaxX. It is, after all, a compressor like unit and Piller is from the background a blower manufacturer. But since we moved into the steam and vapor compression, now with more requirements for compression heat pump systems, we decided to take it to the next level. We built a machine that is engineered and designed for exactly that purpose. High temperature and pressure rise, almost like a compressor but still with our renowned blower technology. 

The VapomaxX can be described with a few outstanding bullet points 
Highest efficiency of up to 86.5% break horsepower
It can supply steam to most medium pressure steam grids
It combines the best of both Blower and Compressor technology. 
It has low maintenance requirements, resulting in low operational costs and few shutdowns
It has multistage arrangement capability, for vapor compression heat pump systems.  



VAPOMAXX TYPES
VAPOMAXX型号
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Vorführender
Präsentationsnotizen
The VapoMaxX is a modularized system with 11 different impeller types and 3 different casing orientations. The goal was keeping the number of variations small, thus reducing delivery time and availability of wear and spare parts. The performance range is created by the variation of the speed using 61 different gear sets in the VapoMaxX. Also, the max system pressure for a single unit is up to 20 barg, but depending on the power that can go thru the drive train. meaning that max pressure is smaller for units with bigger flow. The table on the right side shows all the different impeller types from small to big. The smallest impeller has a diameter of 560 mm and the largest one of 800 mm. That explains the decreasing maximum speed, because the maximum tip speed of 440 m/s leads to smaller rpm when the impeller is growing bigger. 



PERFORMANCE SUMMARY 
SINGLE STAGE  性能概要 - 单级

上限

Vorführender
Präsentationsnotizen
On this slide we have zoomed in the performance range of the Vapoline and extracted the Piller VapoMaxX. This graphic shows five different inlet temperature levels making clear how the performance changes with density. From gray to red the inlet temperature increases from 75 to 175 degC. The gray area at 75 degC has the smallest temperature rise with appr.  16 Kelvin  and a mass flow of 35.000 kg/h. With increasing temperature, the density increases, thus with the same mass flow the volume flow is smaller. Since a blower is a volumetric machine and only moves m³/s, the mass flow will increase with rising density. Also, the lower the inlet temperature the smaller the temperature lift in a single unit. This is depending on the inlet pressure, because a compressor boosts the pressure and for vapor the pressure is connected to a temperature by the saturated steam curve. With higher density the pressure rise is bigger and thus the temperature rise as well. On the right-hand side of the performance area, you see a sudden end of the performance range caused by the limited power of 1800 kW thru the drive train. 




PERFORMANCE SUMMARY 
MULTISTAGE 性能概要 – 多级

VAPOR COMPRESSION AT A NEW LEVEL
蒸汽压缩能力达到新水平

STEAM COMPRESSION SYSTEM WITH FIVE VAPOMAXX
配备五台VAPOMAXX的蒸汽压缩系统 

Vorführender
Präsentationsnotizen
When we are moving from a single stage unit to a multistage vapor compression heat pump, a VapoMaxX system out of 5 stages can produce for example 74 k temperature rise. In this case from 80 degC to 154 degC. The graphic shows the achievable temperature rise for each single stage. Each blue line represents the temperature rise in a single stage. As you can see, on the lefthand side of this diagram it is possible to achieve almost 90 Kelvin with 5 stages. The 60% represent the  turndown limit for a compression system like this. Below this 60% an operation of the blowers is prohibited, and this system needs to be shut  down. Sizing a compression system close to this limit is for several reason not feasible. There is no Turndown possible anymore. At this operating point, the efficiency is considerably lower than in the optimum or sweet spot. On the right had side you see a typical and actual arrangement of a compression heat pump system with VapoMaxX machines. The arrangement can be pretty space saving. To see how it works and what the economics are, we will have a closer look at the end of this presentation. To achieve even more temperature rise we can build system with 8 stages, even more in the future. 



COMPONENTS AND ACCESSORIES
为高效性能服务的部件与附件

Vorführender
Präsentationsnotizen
How do we get to this superior performance of our blowers?

As mentioned before, Piller has 4 decades of experience with MVR blowers, and that same time frame for further development of the machines. We are looking into every aspect of the blower as well as into every detail. Steam compressors might look like standard Industrial fans but are far from being like that. Consequently, all components for  the Piller VapoMaxX are specifically optimized for vapor compression. Let me show you these components in more details. 




VAPOMAXX MAIN COMPONENTS
VAPOMAXX主要部件 

OVERVIEW 
概述

1    Casing
壳体

2    Impeller
       叶轮

3    Bearing System 
       轴承系统

4    Gearbox
       齿轮箱

5    Motor
电机

6    Base Frame
底座

7    Lube Oil Unit 
润滑油单元

Vorführender
Präsentationsnotizen
At first sight, the VapoMaxX looks like a little unusual MVR blower. Looking closer reveals the differences. I show you the explosion drawing which helps to make clear how the VapoMaxX is built. Casing and impeller are the core components for the performance.  11 impeller types and 3 casing orientations add up to the performance range. They are perfectly tuned to each other. Also paramount for our performance is the patented squeeze oil damper bearing. In combination with the Piller gearbox it is a very efficient drive train with minimum mechanical losses. The coupling and the motor are completing the compressor system. The base frame with its unique pull back design makes maintenance very simple and quick.




IMPORTANT EQUIPMENT ON THE VAPOMAXX
VAPOMAXX上的重要设备

1

3

2

MAIN ACCESSORIES
主要附件

1 Expansion Joints
膨胀节

2 Inlet Guide Vane
(D.O.L. operation)
入口导叶（直驱使用）

3 Lube Oil Panel 
润滑系统面板

4 Instrumentation for
仪表测量
- Process Temperature

工艺温度
- Bearing Temperatures

轴承温度
- Buffer Steam Pressure

缓冲蒸汽压力
- Shaft Vibration

轴振动
- Speed
          转速
- Oil Flow and Pressure

油流量和压力
- Oil Temperature

油温

1

4

4

4

4

4

4

4

4

4 4

444

Vorführender
Präsentationsnotizen
Also the compressor cannot work without some core accessories, which I will show and explain on this slide. The expansions joints are the connection to the ductwork and compensate the loads create by pressure and temperature. The Inlet Guide Vane (IGV) is the control unit of the VapoMaxX if a speed control with an VFD is not wanted or feasible. The squeeze oil damper bearing and the gearbox need oil, thus we need a Lube oil panel on the skid, and a Lube oil unit which is separated from the compressor and distributes the oil to the various VapoMaxX in a system. We also need a minimum of instrumentation to run the VapoMaxX. Several temperature sensor, shaft vibration and speed as well as oil flow and pressure. All in all, are we talking about 13 instruments. 



COMPRESSOR MONITORING
压缩机监控喘振监控和保护

SAFETY ACCESSORIES
安全附件

1

Suction side measuring 
tube with 
instrumentation
入口仪表测量

2

Discharge side measuring 
tube with 
instrumentation
出口仪表测量

1

2

SOLUTION FOR VAPOR COMPRESSION HEAT PUMP TECHNOLOGY
蒸汽压缩热泵技术解决方案 

Vorführender
Präsentationsnotizen
Although the VapoMaxX is not a classic compressor, we need an anti surge control and a surge protection for multistage systems. Both are fully set up by Piller and the hardware is in the Piller scope of supply, The installation of piping and valves have to be done at site by others, acc to the Piller instructions. 

Why is that needed. The VapoMaxX machines in vapor compression heat pump systems are often running at the very end of their capabilities. We try to size them as close as possible to their mechanical limits making them small and efficient. But in case of varying operating conditions, specifically low flow, there is a risk of damages to the machines. Before that even happens, the Anti Surge Control and Surge Protection keep our machines save by opening a bypass valve and returning some of the steam into the inlet of the first blower. 



CASING
壳体

 Available pressure designs in 6, 10 and 21 bar (a)

可提供 6、10 和 21 bar (a) 的压力设计

 Mechanical design temp. up to 230 °C

机械设计温度最高可达 230 °C

 Casing directions 90°, 270° and 360°

壳体旋向满足 90°、270°和 360°

 Welded  gastight design

焊接气密设计

 Material stainless steel 1.4404 / 1.4571

材料使用不锈钢 1.4404 / 1.4571

Vorführender
Präsentationsnotizen
The casing gives the whole unit a shape and needs to be in harmony with the impeller. Hence for every impeller type its own casing. Inside the casing is the real technology of the compressor. The inlet and discharge flow are guided thru the casing with all kinds of technical details, following a long serious of flow calculations with CFD. One of it being the diffusor casing, which opens towards the discharge.  Also the casing needs to carry the full load of the system pressure with up to 20 barg. Although it doesn‘t look impressive, its design is as important for the performance as the impeller



IMPELLER
叶轮

 11 different types with 4 diameters

11 种不同类型，4 种直径

 Mechanical design temp. up to 230 °C

机械设计温度最高可达 230 °C

 Tip speed up to 440 m/s

外缘转速高达 440 米/秒

 Optimal chamber geometry

最佳腔室几何形状

 High efficiency up to 86.5 %

效率可达 86.5%

 Wide operating range

运行范围广

 Material 17-4 PH (1.4578)

材料17-4 PH (1.4578)

 Rotating direction clockwise                                                                            

顺时针旋转

Vorführender
Präsentationsnotizen
The impeller is the heart of the blower. For the Piller VapomaxX we developed 11 different impeller types with different sizes. The impellers for the low mass flow are closed impellers, similar to our Vapoflex design, the others are machined open types. Blade shape and number have a huge impact on the performance of a blower or compressor. The combination of full-length blades and half-length blades optimizes both flow and pressure ratio.  The mechanical design temperature matches the steam temperature at 20 barg. Wenn you take a look at the series of impellers, the efficiency of the impellers increase from left to right and can be as high as 86.5% bhp.

In a multistage system, the sequence of blowers start with those for higher flows meaning from the right and while compressing the flow decreases and the density and system pressure increases. Not only are the impellers optimized for their particular performance, but also the are they engineered such, that the sequence of blowers in a multistage system is perfectly tuned. 

Laufrad zeigen



SQUEEZE OIL DAMPER AND LUBE OIL UNIT
挤压油膜减震轴承和润滑油单元

SQUEEZE OIL DAMPER BEARING
挤压油膜减震轴承

Vorführender
Präsentationsnotizen
The Piller patented Squeeze oil damper bearing system is the third important component for our blowers. It has the design and the simplicity of anti friction bearing system, but the performance of fluid film bearings. The blowers can run at any speed without having issues or influences of critical speeds.  Also, it can coast down without any auxiliary unit such as an accumulator tank or spare oil pump. The graphic on the right side shows the principals of anti friction bearings. The orange and the blue line show the behavior of ball and roller bearings, with their high resonances at critical speeds. The issue is always, that the critical speeds are in the range where the compressors is operating. Thus, we developed this bearing system with a high dampening and a very soft set up. This allows us to run the machines supercritical, basically without any resonance. The red line shows the squeeze oil damper, with a resonance at very low speed and a very low amplitude. This makes it possible to run the compressor at any given speed. Going along with the Squeeze oil damper is a LOU, that is simple to the core. Due to the low oil consumption of both the bearing and the gearbox, the unit is quite small. It also has only very little instrumentation, no bells and whistles, only the bare necessities. 




GEARBOX
齿轮箱

 Double helical gear design

双螺旋齿轮设计

 61 different gear ratios for best performance

61种不同齿轮比，实现最佳性能

 Oil supply with Piller standard  lube oil system

采用Piller标准润滑油系统供油

 Less power losses than fluid film bearings

与普通滑动轴承相比功率损失更小

 Bearing temperature and vibration monitoring

轴承温度和振动监控

 Oil inlet and oil return connections on both sides for flexible pipe 

arrangement

两侧均有进油和回油接口，管道布置灵活

Vorführender
Präsentationsnotizen
The Piller VapoMaxX is running at shaft speeds up to 15.000 rpm. To reach these speeds with at a power of 1.8 MW, Piller developed a gearbox system specifically for this purpose. It is a modularized unit  with 61 different gear sets available for best match to any require duty. Double helical design of the gears to avoid axial thrust. Always very important is the efficiency of the overall system. The power losses of this unit is less than a fluid film bearing, keeping the efficiency of the VapoMaxX high. Oil supply will be done by a standard Piller lube oil system and the instrumentation is “as much as needed as little as possible”. 



SHAFT SEALING SYSTEM
轴封系统

SHAFT SEAL COMPONENTS
轴封部件

1 Shaft
轴

2 Shaft Sleeve
轴套

3 Seal Ring
密封环

4 Spring
弹簧

5 Buffer Connection
缓冲介质 

6 Condensate Drain
冷凝水排放

环境
工艺

Vorführender
Präsentationsnotizen
The fifth component, maybe not as important as the impeller or the bearing is the shaft seal. It prevents either steam from leaking out or air leaking into the casing. The better this system works the better for the process. In the middle is the shaft, that is protected against wear by a hard coated sleeve. Piller uses floating carbon rings for the seal, which are highly reliable, easy to maintain and cost effective. The working principle is pretty simple. The sealrings are an obstacle and a resistance for the gas flow. The seal in this example has three rings to the process and 2 to the atmosphere. This set up is for vacuum conditions inside the casing, because the higher pressure drop is towards the process. The buffer steam prevents air from leaking in. The pressure of the buffer is set to appr. 50-100 mbar above ambient pressure, keeping the leakage in the direction to a minimum. The excessive steam, already condensed to water on its way to the condesate drain will be pulled out and collected. As long as this system is running, there is no chance of air leaking into the process.  





REFERENCES IN DIFFERENT INDUSTRIES
不同行业中的案例业绩

35+ INDUSTRIAL HEAT PUMP INSTALLATIONS
DURING THE LAST 15 YEARS
在过去15年中安装了35+台工业热泵

 EPDM                              三元乙丙橡胶

 SSBR                                溶聚丁苯橡胶

 Caprolactam                  己内酰胺

 Sugar                               糖
 Ethanol                           乙醇

 Beverage Alcohol          酒精饮料

 French Fries                   薯条

 Potato Snacks                土豆类食品

    and many more             及其他

Vorführender
Präsentationsnotizen
Over the last 15 years, Piller installed more than 27 Industrial Heat Pump systems with vapor compressors worldwide. We started in 2008 with 3 stages in series and the last installation in a Synthetic Rubber plant had already 8 blowers in series. The number of system increases fast due to the high demand of decarbonization in the industry. The variety of products served starts with EPDM, goes over SSBR, Caprolactam, Sugar to Ethanol and beverage alcohol and nowadays even to French fries, potato snacks  and many more. In the picture you can see one of our latest installations, all machines on top of an existing plant. It really shows, how effective the space can be used and how easy it is to set up such a system in an existing plant. 





THANK YOU FOR YOUR ATTENTION
感谢您的聆听和关注！
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