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阀门技术

Rotary plug valves as an alternative for globe valves

可替代截止阀的偏心旋转阀
截止阀长期以来都是进行高难度控制的首选。从复杂的化工工艺到简单的加热回路控制，各行各业中都有大量业绩可以
证明其价值。然而值得一提的是，有许多其它类型的阀门都可以作为截止阀的替代品，例如球、蝶、旋塞、闸、柱塞式
转阀，以及截球体球阀（弓形、扇形截球体球阀）。

作者：Michael Hess

只要稍加观察，不难发现不同阀门的

设计存在明显差别。图1是用于过

程行业的各种工艺介质控制阀。这些阀门

的最大尺寸是NPS 10/DN 250。图中的最

大开度平均流量系数（Kvs系数）来自制

造商的产品说明书。

很明显，阀门的尺寸越大，最大开度

流量系数的差别亦越大。当工艺条件、流

率和压降均相等，截止阀的尺寸一定比其

它类型阀门的尺寸更大。这一因素显然会

严重影响采购价格。

假如阀门选型时仅需考虑上述一项因

素，截球体球阀一定能够胜出。当然在作

出决定前，还需要考量其它多项参数。本

文就将围绕下列几项展开讨论：

• 阀门最大开度时流量系数

• 可调范围

• 控制精（确）度

• 最大允许压降

• 防尘、防固体微粒性能

压降
许多技术文献中，例如附注[1]所指

的书中，都能找到关于偏心旋转阀的技术

背景资料，以及相关应用领域。事实上，

还有更多其它参数都会在很大程度上影响

阀门的选型。比如安装现场的空间尺寸、

最高和最低工作温度及压力、阀芯的可接

触性、有无阀腔死区。

正因为涉及的因素纷繁复杂，本文篇

幅无法面面俱到。过去数十年间，为了满

足过程行业中各种各样的需求，市场上阀

门的种类同样也是层出不穷。

综合考虑各种变量之后，发现以下这

些因素是比较容易确定的：相同应用场合

中，如果选择流量系数更高的阀门，它的

尺寸就可以更小一些。通过观察阀门内部

的工况不难发现，阀门在调节流率时会导

致压力降低。众所周知，流量系数Kv正是

在这两个变量的基础上确定的。假定管道

直径和尺寸相等，工艺介质都是常温水，

则以下公式成立：

 

假设流体的平均流速为2.5m/s（符合

现实中的工况条件），DN 250阀门的最大

流率Q的计算公式如下：

 

≈442m3/h 

d = DN（公称通径）= 250mm
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Globe valves have 
traditionally been 
the number-one 
choice to handle 

challenging control 
tasks. These valves 

have proven 
their worth in 

various industrial 
processes, from 

complex chemical 
applications to the 

simple control of 
a heating circuit. 
However, a wide 

range of alternatives 
is available, such 

as ball-, butterfly-, 
rotary plug-, 

segmented ball-, 
gate- and plug 

valves.

By Michael Hess

W hen taking a closer look, consid-
erable differences between the 
various valve designs become 
evident. Fig. 1 provides an 

overview of the different valve types that 
are used to control process media in 
industrial processes. The illustration shows 
the average flow coefficients at maximum 
valve opening (K

VS
 coefficients) specified in 

manufacturer catalogs for valves in sizes up 
to NPS 10/DN 250.
At first glance, it becomes evident that the dif-
ferences between the flow coefficients at maxi-
mum valve opening become more pronounced 
at larger valve sizes. At identical process condi-
tions, flow rates and pressure drops, globe 
valves will always have to be used in a larger 
valve size than the other types considered. 
Obviously, this has a (considerable) influence 
on the purchasing price.
If only the above ratio was used for valve selec-
tion, the choice would always have to be made 
in favor of a segmented ball valve. Neverthe-
less, it is recommendable to look at further 
parameters before deciding on a specific valve 
style. In this article, we will take a closer look 
at the following aspects:
• Flow coefficient at maximum valve opening
• Rangeability
• Control accuracy
• Maximum permissible pressure drop
• Susceptibility to dirt and solid particles

Rotary plus valves as an 
alternative for globe valves

Pressure reduction
Technical background information and informa-
tion on possible fields of application for rotary 
plug valves can be found in [1], for example. On 
top, numerous additional parameters can have 
a considerable influence on valve selection. 
Such parameters include the space available 
at the site of installation, the maximum and 
minimum service temperatures and pressures, 
accessibility of the trim parts and the absence 
of dead cavities. 
Giving a breakdown all influential factors in one 
overview is simply impossible. In summary, we 
can say that a wide range of different valve 
types has been available for decades to meet 
the different requirements that exist in the 
process industry.
Making a blanket judgement, the following 
could easily be concluded: the higher the flow 
coefficient, the smaller the valve size to be 
used in reality. When looking at the conditions 
that exist in a valve, it becomes evident that 
controlling a flow rate always involves reducing 
a pressure. As you will know, the K

V
 flow coef-

ficient defines the relation between these two 
variables. The following applies to an identical 
pipe diameter and pipe size with water at room 
temperature as the process medium:

Fig. 1: Flow coefficients plotted against the valve size for different valve styles
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Assuming an average flow velocity in liquids 
of 2.5 m/s, which is realistic in real-life plant 
conditions, the maximum flow rate Q in DN 
250 valves1 is calculated as follows:

Based on the average K
V
 coefficients given 

in Fig. 1, the resulting pressure drops in a 
fully open valve are as shown in the table 
below:

considerable friction occurs in the closed 
position and while the valve opens. Stic-
tion exists between the seat and seg-
mented ball while the closure member 
is not moving. It is to be expected in the 
closed position because this is where the 
largest contact surface exists. 

Realistic rangeability
If a rotary motion is initiated by the shaft, 
stiction and the initial breakaway torque 
are overcome and the segmented ball is 
moved from being stationary in the closed 
position. Depending on the change in 
set point, the valve must move to small 
opening angles, which are not reproduc-
ible due to different influence factors, 
such as pressure, temperature and me-
dium properties. In technical terms, the 
smallest reproducible angle is consider-
ably larger than the angle that is measur-
able in a few of many tests. 
The challenge lies in the ability to reach 
this angle from both directions of opera-
tion, i.e. from the closed position in the 
opening direction and vice versa. If the 
segmented ball moves from the open 
position towards the seat, the dynamic 
forces create additional flow-related ef-
fects. They can also influence the smallest 
controllable angle. As a result, a realistic 
rangeability of a segmented ball valve is 
around 100:1.

Table 1: Pressure drops across different valve styles for Q = 440 m3/h at maximum valve 
opening in DN 250

Table 2: Pressure drop for Q = 440 m3/h in DN 250 valves with sample K
VS
 coefficient and 

reduced seat diameter

Globe 
valve

Rotary plug 
valve

Butterfly 
valve

Segmented ball 
valve

Kvs coefficient in m3/h 1000 2000 2500 3000

Pressure drop 0.2 bar 0.05 bar 0.03 bar 0.02 bar

Globe 
valve

Rotary plug 
valve

Butterfly 
valve

Segmented ball 
valve

Kvs
 coefficient in m3/h 250 500

No reduction possible
Pressure drop 3.1 bar 0.78 bar

Process parameters
The above values quickly show that the 
pressure drops across rotary plug valves, 
but particularly across butterfly and 
segmented ball valves, are nowhere near 
controllable flow rates. While butterfly 
valves and segmented ball valves 
normally have only one K

VS
 coefficient, 

rotary plug valves and globe valves 
can be fitted with different trims to 
adapt their K

VS
 coefficient to the operating 

conditions (refer to Table 2). As a result, 
butterfly valves and segmented ball 
valves are rather used in on/off 
applications.
Consequently, it is always important to 
take into account the process when look-
ing at the maximum K

V
 coefficients: 

starting at a certain value, it becomes 
nearly impossible to generate any benefit 
from using an even higher flow coeffi-
cient. This is due to the valve authority, 
which relates the pressure drop across 

the fully opened valve to the pressure 
drop across the closed valve (for further 
information refer to [2], for example). 
Table 2 exemplifies the possible pressure 
drop increase for a reduced seat 
diameter. The right selection depends 
on several factors, such as the pressure 
ratio p

1
/p

2
, and will not be dealt with in 

this article.

Minimum controllable flow rate
In throttling service, the primary goal is 
to control different flow rates along the 
plant characteristic to achieve process 

stability and reliability. To have the 
widest possible range of application and 
the required safety margins for the run-
ning process and possible future adapta-
tions, the ability to control maximum and 
minimum flow rates is beneficial – if not 
even necessary. As a result, we will look 
at the rangeability next. It establishes a 
relation between the maximum flow rate 
and the minimum controllable flow rate. 
The important thing to remember in this 
respect is that the rangeability is not 
about the minimum possible flow rate but 
the minimum controllable flow rate, i.e. 
the flow rate that can reliably be con-
trolled by the opening and closing motion 
of the closure member.
Here is an example: various manufactur-
ers specify a rangeability of up to 300:1 
for a segmented ball valve with a high 
K

VS
/DN2 ratio (high flow coefficient relat-

ing to the valve size, refer to Fig. 1). As 
the valve has a single-eccentric design, 

Q c
d= ⋅ ⋅ = ⋅ ⋅ ≈

≈ ≈
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1 As we are dealing with a rough calculation only, we will make the simplified assumption that the inside pipe diameter corresponds to the valve size.

图1. 各类阀门基于不同尺寸的流量系数曲线图
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对应图1中的平均流量系数Kv，阀门

全开时的压降如表1所示：

工艺参数
表1不仅列举了偏心旋转阀等各类阀

门的压降。显然它们的压降和可控流率并

无直接关联，尤其是蝶阀和截球体球阀。

蝶阀和截球体球阀通常只有固定不变的一

种Kvs系数，偏心旋转阀和截止阀却可以

根据应用场合的需求，更换不同阀芯内件

并实现不同的Kvs系数（见表2）。正因如

此，蝶阀和截球体球阀常被用于实现开/

关功能。

相应地，在考量最大流量系数时，

很有必要注意以下情况：以某个数值为

限，即使选择更高的流量系数也不能带来

任何优势。这种现象是由阀门的阀权度造

成的。阀权度是指阀门全开压降和全关压

降之间的关系（详见附注[2]）。表2列举

了阀座直径变小后对应的压降增加值。因

此作出正确选择的前提是全盘考量各项因

素，包括压力比率p1/p2，但这不在本文

谈论范围之内。

最低可控流率
阀门用于调节流体时，首要任务是针

对装置的工艺条件，通过控制不同的流率

来保障工艺过程稳定、可靠地进行。无论

是针对工艺现状还是将来可能发生的升级

改造，阀门能应对的最大和最小流率越接

近极限，它的控制范围也就越大，而且阀

门可能具备的安全系数也越高。因此下面

我们就要讨论一下 “可调范围”。它的实

质就是最大流率和最低可控流率之间的关

系。值得关注的是，可调范围是基于最低

可控流率，而非最低可能流率。可控流率

是指截流件可以通过开、关动作可靠实现

控制的流率。

试举一例如下：有若干来自不同制造

商的阀门，标称可调范围最大的是一台截

截止阀 偏心旋转阀 蝶阀 截球体球阀

Kvs系数，单位：m3/h 1000 2000 2500 3000

压降 0.2bar 0.05bar 0.03bar 0.02bar

表1：Q=440 m3/h，DN 250，各类型阀门处于最大开度时的压降

截止阀 偏心旋转阀 蝶阀 截球体球阀

Kvs系数，单位：m3/h 250 500
不可能缩小阀座直径

压降 3.1bar 0.78bar

表2：Q=440 m3/h，DN 250，缩小阀座直径，改变流量系数后各类阀门的压降

球体球阀，高达300:1。它的Kvs/DN2比

率也很高（相对阀门尺寸而言流量系数较

高，见图1）。该阀门采用单偏心设计，

处于关闭阀位以及开启初段时摩擦力非常

大。截流件停止运动后，阀座和截球体阀

球可能发生粘滞，尤其是当阀门处于关闭

位置时，因为此种状态下两者的接触面积

最大。

实际可调范围
要让阀轴带动阀芯部件旋转，先要克

服摩擦力和启动脱离力矩（起步转矩），

然后处于关闭位置的截球体阀球终止原先

的静止状态，开始移动。根据设定值的不

同，阀门的开度必须至少达到某个较小的

角度，而且由于受到多种因素的影响，例

如压力、温度和介质特性，这个最小开度

不可重复实现。从技术角度而言，最小的

可重复实现开度，远大于许多次实验中偶

尔测量到的开度。

阀门设计中的难点在于如何确保在两

个方向上都实现相同的最小开关角度，即

从全关位置开始向着开启的方向，和从全

开位置向着关闭方向。当截球体阀球从全

开位置向阀座移动，其动力会造成额外的

流体相关效应。这些效应也会对最小可控

角度造成影响。由于上述原因，现实中截
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球体球阀的可调范围大约是100:1。

表 3 列 举 了 各 类 标 准 阀 门 在 技 术 上

可以实现的可调范围2。根据表中数据可

知，偏心旋转阀的表现比较突出。它的流

量范围最广，通过量相对最高，而且可靠

的可控调节范围亦最广。这样的性能使得

偏心旋转阀非常适合用于调节。

控制精确度
调节阀的关键特性是它们的控制精

度，以及最大允许压降。为了实现高精度

控制，调节阀的性能必须尽可能在整个行

程范围内，或在转角范围内，始终符合相

关标准。对最大允许压降的影响最直接的

因素有两种，其一是截流件产生的湍流，

其二是截流件的机械轴承性能。毫无疑

问，截止阀在上述两个方面均有显著优势

（控制精确度高，能承受较大压降）。当

然，偏心旋转阀在这两方面的表现同样不

俗。这个话题牵涉到太多的调查研究，因

此表4中仅列举了一些定性比较的结果。

灰尘和固体微粒
最后一项需要关注的因素是阀门对

灰尘和固体微粒的抵抗力。微粒会以多种

形式影响控制性能，也会磨损阀门部件。

灰尘和微粒会使阀门运行时摩擦力变大，

并导致部件接触面以及整个截流件都被侵

蚀。

偏心旋转阀在这些方面的表现明显

优于其它类型的阀门。由于采用了双偏心

设计，旋塞和阀座只有在阀门关闭时才会

发生接触。这意味着阀门关闭过程中，不

存在固体微粒沉积在部件表面的风险，不

会损坏表面。旋塞和阀座接触之前的一瞬

间，固体微粒会被高速流体冲刷干净。和

截球体阀球的情况相反，偏心旋转阀在操

作过程中，阀座和旋塞之间的微粒不会导

致摩擦力增加。由于截流件完全是在流体

介质之外，而且采用了分轴设计，因此只

会发生极轻微的侵蚀和磨蚀。

成本优势
表5列举了调节阀选型时需要考量的

各项标准和定性比较的结果。表中不同阀

门的比较结果各有千秋，但仍可以看出偏

截止阀 偏心旋转阀 蝶阀 截球体球阀

最大通量 - + ++ ++

可调范围 - ++ - +

控制精确度 ++ + - +

最大压降 ++ + 0 -

抗尘能力 - ++ 0 -

表3：各类阀门的可调范围

截止阀 偏心旋转阀 蝶阀 截球体球阀

可调范围 30:1至50:1 200:1 50:1 100:1

截止阀 偏心旋转阀 蝶阀 截球体球阀

控制精确度 ++ + - +

最大压降 ++ + 0 -

表4：关于控制精确度和最大允许压降的定性比较（++优秀/ +良好/ 0 一般/ - 低于一般水平 ）

表5：阀门选型时的各项考量标准和定性比较（++优秀/ +良好/ 0 一般/ - 低于一
般水平 ）
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心旋转阀的优势面面俱到，从

控制性能、抗尘性能和成本等

方面来看，都可以成为截止阀

的优良替代品。既有最高的最

大流量系数，也有可观的可调

范围，意味着偏心旋转阀在表

中所有阀门中最具竞争力。不

仅如此，它还有较高的控制精

确度，能承受较高的压降，尤

其对介质中的灰尘和固体微

粒还有较强的抵抗能力，偏心

旋转阀堪称是阀门中的多面

手。面对大尺寸和高磅级的订

单，许多制造商往往无法制造

出类型最适合的阀门，因为这样的订单往往意味着成本优势决定

一切。而成本优势恰恰是VETEC公司的核心竞争力。VETEC是萨

姆森（SAMSON）的全资子公司，位于德国法兰克福。由于材料

选择范围广泛包含了各种钢材、不锈钢、镍基合金、青铜、锆合

金，乃至司太立、硬质合金、陶瓷等耐磨耐腐蚀材料，该公司制

造的偏心旋转阀可以用在几乎所有领域。
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