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V-Cone Hazard & Design Guideline Summary 
 
Background: 
A hazard analysis was performed on the V-Cone product in which a multidisciplinary team 
developed scenarios that could result in a failure of the V-Cone internal element support 
structure (i.e. gussets, supports, etc.). For each scenario, design criteria were developed to 
mitigate these hazards. The following is a summary of the hazard scenarios and current or 
proposed design methods used to ensure the internal element & structure remain sound 
throughout the life of the meter. 
 

Table 1: V-Cone Internal Element Structural Failure Hazards-Causes 
# Hazards Design Countermeasure(s) Comments 

1 Reverse Flow 1) Design/Analyze for reverse flow.  
2) Incorporate safety factor in design of 3:1 

vs. yield strength for normal flow direction 

Drag coefficient for reverse 
flow can be as high as 2:1 
vs forward. The factor of 
safety against yield would 
result in an acceptable value 
of 1.5 for intermittent use 
only. 

2 Flow Induced 
Vibration 

1) Design/Analyze to ensure that cone beta 
edge vortex shedding frequency range does 
not coincide with the natural frequency(s) 
of the meter. Target first frequency of 80% 
or less that of lowest FIV value @ Beta 
edge. 

2) If present, ensure the maximum stress 
imposed on the assembly by vortex 
shedding vibrations on the gussets does not 
exceed the material endurance (fatigue) 
limit strength by a 3:1 safety factor.

A strouhal range of .15 to 
.25 will be assumed 
throughout the operating 
Reynold’s range based on 
circular cylinder values 
(Flow-Induced Vibrations, 
Blevins, Fig.3-3, 1977) 
Stainless Steel fatigue 
strength ~20kpsi 
 
 

3 External 
Vibration 

1) Ensure the natural frequencies of the cone 
assembly are at least 20% offset from any 
operating frequencies as specified by the 
customer. 

2) Ensure the first natural frequency of the 
cone assembly is at least 150 hz. 

Customers rarely provide 
(or know) what frequencies 
or acoustics will be present 
during operations. 150 hz is 
generally adequate but this 
value should be 
acknowledged and agreed 
to by customer. 
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V-Cone Standard Designs 
Background: 
As each V-Cone meter is unique and customized to each specific customer application, a range 
of design and analysis methods are required depending on the application. In general, analysis 
performed thus far indicate that meters smaller than 8” NPS meet the above requirements 
without additional gussets to supplement the vertical support that connects the cone to the wall of 
the meter. This design is shown in Figure 1. Note that 4” and 6” meters should use adequate 
(generally ½” NPS) vertical support pipes to ensure the meter falls outside the lower frequency 
limitations. Meter sizes from 8” up to 16” should utilize the typical vertical support with elbow 
or branch in addition to two (2) plate gussets to stabilize the cone (As shown in figure 2). Meters 
larger than 16” should utilize a design that is fully supported with pipe gussets that affix both 
upstream and downstream of the primary element (as shown in figure 3). This design eliminates 
the elbow between the horizontal and vertical support such that the support gussets are 
symmetric about the axis of the cone. Note that the downstream gussets are angled 
approximately 15° to add rigidity of the structure along the axis of the meter. Furthermore, all 
meters exceeding 16” NPS should be formally analyzed to verify they are structurally sound both 
in regard to vibrations and static loading.  
 
 

Table 2: Standard Design & Analysis Guidelines 
Meter Size 

(NPS)  
Standard 
Design 
Detail 

Required Analysis1

Static Structural Vibrational 

2” thru 6” Figure 1 
As specified by 

customer
Required for Solid 

Cone 

8” thru 16” Figure 2 
As specified by 

customer
As specified by 

customer 
≥ 18” Figure 3 Recommended2 Recommended2 

1) All model numbers will be analyzed upon issuance of drawing. Table above applies 
to each specific serial number specific to customer application. 

2) Most variations within this size range have been evaluated and deemed acceptable. 
However, for any unique, crucial or abnormal application, a formal analysis is 
recommended as specified by customer. 
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Figure 1: V-Cone w/ Vertical Support Only 
 

 
Figure 2: V-Cone w/ Upstream Plate Gussets 
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Figure 3: V-Cone w/ Upstream & Downstream Pipe Gussets 

 
 
 

Frequently Asked Questions 
 

 Why are the supports offset by an angle of 15° and not more? 
Once the supports were stiffened, the mode frequency increased.  The R&D team tested 
the efficacy of different angles and found the improvements were minimal for larger 
angles and would require the meter to be longer due to having to weld closer to the 
flanges. 

 
 Why CFD and not a wind tunnel analysis? 

Wind tunnel analysis would’ve been excessive.  The CFD proved that the meter can 
withstand high frequencies and vibration which were the main concerns. 


