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smuk

Hello everybody

The purpose of presenting this analysis of a tube rupture scenario of the Steam Heater (refer the attached sketch) is to obtain 

a confirmation of the correctness of the analysis form domain experts in the group.

A description of the process is given below:

Whole range naphtha from Whole Range Naphtha Tank is pumped by Naphtha Feed Pump to Heavy Naphtha Flash Drum 

through the Steam Heater, under flow control with FIC-1. Complete tube rupture in the Steam Heater is considered, as it is a 

possibility as per API 521 6th Edition. In normal operation, isothermal flash takes place in the Heavy Naphtha Flash Drum. 

The vapors (light gas) from the isothermal flash is routed to Flare under pressure control of PIC-1. The Heavy Naphtha Flash 

Drum is also protected by a PSV set at 11.2 barg.

The heavy naphtha from Heavy Naphtha Flash Drum is pumped by Heavy Naphtha Pump under level control by LIC-1 

through a Cooler before routing to the Heavy Naphtha Tank.

Process flow during tube rupture in the Steam Heater:
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•  (https://www.cheresources.com/invision/index.php?

app=core&module=attach&section=attach&attach_id=14505) Sketch Tube Rupture.pdf

(https://www.cheresources.com/invision/index.php?

app=core&module=attach&section=attach&attach_id=14505) 55.71KB 35 downloads

When tube rupture takes place, both upstream and downstream section of Steam Heater on the naphtha circuit gets 

pressurized to the maximum pressure of 17.5 bar based on steam header relief valve with 10% accumulation. Since the shutoff 

pressure of the Naphtha Feed Pump is 11.2 barg (same as flash drum relief set pressure), the Naphtha Feed Pump will trip on 

overload leading to closure of ESD-1, thus preventing reverse flow. The flow from the Steam Heater (mixture of naphtha and 

steam) will flash adiabatically in the Heavy Naphtha Flash Drum. The disengaged vapors will escape through PIC-1 and 

through the PSV. The bottoms from Heavy Naphtha Flash Drum will continue to be pumped out by Heavy Naphtha Pump 

under LIC-1 control to Heavy naphtha tank. It will be ensured that temperature of naphtha from the Cooler is cool enough 

not to flash the Heavy Naphtha Tank.

Design data of Steam Heater:

Design pressure: 12.2 bar (tube side)

Design temperature: 155 C. Maximum temperature during tube rupture: 202 C (steam saturation temperature)

Material: ASTM 515 Grade 70

Design code: ASME Section VIII, Div I (2008)

Hydrotest @ 130% of design pressure

Hydrotest temperature: 25 C

Allowable stress @ 25 C & 202 C: 138 MPa

Actual hydrotest pressure: 15.86 bar (per C.7 of API 521 6th Edition)

Corrected hydrotest pressure: 15.86 bar (per C.7 of API 521 6th Edition)

To protect against overpressure during tube rupture per API 521 6th Edition:

1. Mitigate tube rupture scenario by increasing the design pressure of the low-pressure side

2. Assuring an open flow path can pass the tube rupture flow without exceeding the stipulated corrected hydrotest pressure

3. Providing pressure relief

The first two options are examined. The third option is not considered.

Increasing design pressure of low-pressure side:

If the design pressure of the low-pressure side is increased to 13.5 bar, the corrected hydrostatic pressure of the low-pressure 

side will equal to the maximum steam side pressure of 17.5 bar. The flow of steam during tube rupture will cease due to 

equalization of pressure.

Open flow path without exceeding the stipulated corrected hydrotest pressure:

For this option, the flow path is shown in red in the sketch. The flow path remains same as that existed prior to the tube 

rupture. Also, as the relief valve set pressure (11.2 barg) is lower than the corrected hydrotest pressure of the Steam Heater of 

15.86 bar (tube side), it meets the condition stipulated in API to protect from overpressure, this is also considered as an 

option.

Questions requiring confirmation from domain experts:

Are the above two options acceptable for protection against overpressure of the tube side of the Steam Heater in case of tube 

rupture.

Thanks

smuk

Attached Files

•  (https://www.cheresources.com/invision/index.php?

app=core&module=attach&section=attach&attach_id=14506) PRV Sizing for Exchanger Tube 

Rupture.pdf (https://www.cheresources.com/invision/index.php?

app=core&module=attach&section=attach&attach_id=14506) 2.34MB 75 downloads

breizh

Hi,

For those interested with the subject , using safety valve , let you consider the resource attached .

Breizh 

Attached Files

Posted 13 January 2020 - 12:57 PM 

Posted Yesterday, 10:59 PM 

Page 2 of 5Api 521 Heat Exchanger Tube Rupture Case - Relief Devices Forum - Cheresources.com ...

3/25/2020https://www.cheresources.com/invision/topic/29325-api-521-heat-exchanger-tube-rupture-...



Back to Relief Devices Forum

Cheresources.com Community →  Relief Devices →  Relief Devices Forum

Pressure Of Heat Source In An Organic Rankine Cycle 
Started by Guest_Noran Shedid_* , 19 Mar 2020 

1 reply 
90 views

Yesterday, 10:45 PM 

Isolation Valves For Exchanger 
Started by Guest_canhhienfamily_* , 10 Mar 2020 

HOT   11 replies 
291 views

18 Mar 2020 

Plain Plate Fin And Rectangular Heat Exchanger Design 
Started by Guest_pettypatel_* , 01 Mar 2020 

4 replies 
261 views

03 Mar 2020 

2 Inch Line From Tube Channel Cover Of S&t Exchanger 
Started by Guest_go-fish_* , 18 Feb 2020 

3 replies 
309 views

19 Feb 2020 

Flow Induced Vibration In Shell And Tube Heat Excahnger 
Started by Guest_274@P6_* , 23 Jan 2020 

2 replies 
596 views

04 Feb 2020 

Technical Bard

The hydrostatic test pressure is irrelevant.  The low pressure side will NOT equalize, because it's pressure relief valve (located 

downstream) will open and maintain at the lower design pressure plus accumulation.  Flow will continue.  Designing for the 

10/13th rule DOES NOT prevent tube rupture scenario. It only says the exchanger shouldn't catastrophically fail.  In some 

jurisdictions, this isn't legal, even though API 521 allows for it.

The correct answer is #3.

PRVBoss

breizh, on 13 Jan 2020 - 1:07 PM, said:

Hi,

For those interested with the subject , using safety valve , let you consider the resource attached .

Breizh 

Note that Mr. Wong published a letter to the editor in the May '92 issue of Hydrocarbon Processing correcting a couple of 

equations (pretty obvious) and adding notes (less obvious). Letter attached.

I've seen this paper referenced a few places on this forum and it would be nice if the corrective letter from the author would 

be attached or referenced in parallel. I'm not sure how best to find the instances and include the additional detail.

 (https://www.cheresources.com/invision/uploads/monthly_03_2020/post-325192-0-
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