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SSD Media Thermal Analysis Methodology 
 

 
Abstract: Traditional temperature and airflow requirements for server components have been 
developed with a CFD tool or empirical testing. The design of experiment involves placement of 
a single component or module in a constrained domain with set inputs (i.e. boundary 
conditions, airflow, power, etc.) that result in temperature outputs. It is important to keep the 
control parameter variation to a minimum in order to accurately compare an array of module 
architectures. In the case of SSD’s, power will have a direct correlation to heat sink width, thus 
inlet temperature, CFD & wind-tunnel domain, and air velocity must be held constant. This 
methodology is meant to be SSD form-factor independent.  
 
Analysis methodology: 

1. Spatial domain boundary constraints: 
a. The simulation analysis domain is set by the widest SSD mechanical architecture.  
b. As the SSD heat sink width increases, so does the normalized max power 

capability.   
c. As the SSD heat sink width increases, the SSD count in analysis domain 

decreases.  
d. Constrained domain allows for either device pitch or device-to-device gap 

analysis.   
e. Example:  

f.                       
 

 
2. Module simulation & test setup: 

a. Device layout:  
i. Simulations & tests should be performed with a minimum of 3 SSDs 

placed in a spatially constrained domain as shown at the end of this 
section.  

Three 25mm SSD in Domain Seven 9.5mm SSDs in Domain 



1. SSD domain constraint: should be set by the 3 widest SSD’s.  
2. SSD domain airflow constraint: should be set by 3 SSD’s with the 

highest thermal resistance values (usually the thinnest SSD’s). 
ii. The purpose of this airflow methodology is to capture device-to-device 

pre-heat; fluid boundary layer development; & airflow impedance that 
occurs locally between SSDs while being agnostic of the system design. 

 
b. Airflow:  

i. Required module airflow should be recorded as the amount of air that 
travels through the card architecture with the highest thermal resistance. 
The purpose of this approach is to ignore the operator’s simulation 
tactics and varying computational tools where approach air velocity 
values may be atypical and/or non-similar, while standardizing the 
methodology for concluding the overall SSD cooling impact that result 
from varying boundary constraints and experimental inputs. 

ii. The system designer is free to analyze the physical interaction(s) between 
the system environment and SSD drives. However, the supplier should 
seek to develop a through-card airflow specification using guidelines 
from sections 1 and 2. Using guidelines from sections 1 and 2 the supplier 
should seek to develop the through card airflow and/or power 
specification for the system designer to compare to, as well as establish 
airflow and/or power boundaries for the SSD width being analyzed.  

c.  
 

3. SSD power normalization: 
a. SSD power is normalized by the constraints of the component in the module 

with the least amount of temperature margin between simulation result and 
component’s specification.  

i. Power reduction of limiting component should be applied to all other 
components’ responsibility for workload processing operations (IOPS). 
Inductors and QFN’s need not be scale.  

ii. Example:  
  



 

Component Spec ( C ) Simulated 
Power 

(W) 

Simulation 
Result ( C ) 

Margin 
( C ) 

Power Scaling 

SoC 100 
20 

80 20  

NAND 80 70 10  

 
 

b. Normalized power assumes that the simulations or tests across the SSD width 
range are performed at a constant inlet airflow that has been developed from 
the characterized through-card airflow using practices from section 2a; namely 
the established SSD domain airflow constraint.  

 
Overall Goal: To quantify the thermal and thus power limitations of SSD media using common 
analytical practices that do not consider empirical tests or analytical setup practices, but place 
emphasis on standardizing airflow and spatial constraints. 
 
Parametric Sweeps 
Using this methodology, one can evaluate the thermal capabilities of a device of a given width 
in an enclosure with various pitch and gap options. For example, an example table below shows 
the parameters of 5 SSD thicknesses and their corresponding pitch, while holding the gap 
constant. Also shown is the effective width of a double width device, one that electrically 
connects to one slot, but occupies 2 slots total. 
 

 
 
To align terminology, gap, width, and pitch are illustrated below: 

 

Device Width (SSD) 9.5 11.5 12 14 15

Gap between SSDs 2 2 2 2 2

Effective pitch 11.5 13.5 14 16 17

Double width device 21 25 26 30 32

All widths > 9.5 are asymetric


