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1. PURPOSE: THIS REPORT IS INTENDED TO ASSIST IN THE CALCULATION O F  METAL 
DIMENSIONAL CHANGES DUE TO TEMPERATURE. 

SCOPE: DATA ARE RELATED T O  THE DIMENSIONAL CHANGES WITH RESPECT T O  ROOM 
TEMPERATURE AND PROVIDE ACCURACY SUFFICIENT FOR USE WITH MOST AEROSPACE 
SYSTEMS, 
STEADY STATE CONDITIONS INVOLVING UNIFORM AND NON- UNIFORM TEMPERATURE 
DISTRIBUTIONS. 
FIFTH PLACE FOR A COMPARISON O F  THE RESULTS BETWEEN METHODS I AND II. 

2. 

TWO BASIC METHODS O F  SOLUTION ARE PRESENTED WITH EXAMPLES FOR 

THE ANSWERS T O  THE EXAMPLE PROBLEMS ARE CARRIED T O  THE 

3. METHOD I: THIS SOLUTION USES THE MEAN COEFFICIENT O F  THERMAL EXPANSION OF 
THE MATERIAL UNDER CONSIDERATION AND THE TEMPERATURE CHANGE FROM ROOM 
TEMPERATURE TO THE FINAL STEADY STATE TEMPERATURE. 

3.1 UNIFORM TEMPERATURE DISTRIBUTION: TABLE I LISTS THE MEAN COEFFICIENTS O F  THERMAL 
EXPANSION O F  VARIOUS MATERIALS THRU THE USEFUL TEMPERATURE RANGE OF THE 
PARTICULAR MATERIAL. 
WITH UNIFORM TEMPERATURE DISTRIBUTION, THE FOLLOWING EQUATION IS USED: 

T O  SOLVE FOR T H E  CHANGE IN DIMENSION OF A MATERIAL 

o D = ( D )  (a) ( A T )  

WHERE: A D  = 
D = 

CHANGE IN DIMENSION A T  A TEMPERATURE T; (INCHES) 
ROOM TEMPERATURE DIMENSION O F  THE MATERIAL; (INCHES) 

TEMPERATURE RANGE FROM ROOM TEMPERATURE (70 O F )  T O  A 
TEMPERATURE T; (INCHES/INCH - "F). 

T = FINAL STEADY STATE TEMPERATURE; ( O F )  

AT = TEMPERATURE CHANGE RELATED T O  ROOM TEMPERATURE; 

a= MEAN COEFFICIENT OF LINEAR THERMAL EXPANSION FOR THE 

[ I ( T  - 70) O F .  

3.1.1 THE MEAN COEFFICIENT O F  EXPANSION O F  A MATERIAL A T  A PARTICULAR TEMPERATURE 
híAY NOT B E  GIVEN IN TABLE I. 
BETWEEN THE TWO NEAREST VALUES. 

THE COEFFICIENT IS COMPUTED BY INTERPOLATING 

3.2 NON-UMFORM TEMPERATURE, LINEAR &. NON-LINEAR DISTRIBUTION; THE NON- UNIFORM 
TEMPERATURE DISTRIBUTION CAN BE EITHER LINEAR OR NON-LINEAR. 
TEMPERATURE GRADIENT REQUIRES TWO KNOWN TEMPERATURES ALONG DIMENSION D. 
THE TEMPERATURES AT STATIONS 

ALONG DIMENSION D. 
ACCURATE RESULTS. 
NOT B E  EVENLY SPACED. 
PLOTTED T O  FIND THE TEMPERATURE A T  ANY GIVEN STATION. THE CHANGE IN 

WIDTH PANELS, DUE T O  THE TEMPERATURE A T  EACH STATION, USING THE PARABOLIC 
SOLUTION. (SIMPSONIS RULE). 

THE LINEAR 

THRU "n" ARE FOUND THRU INTERPOLATION. THE 
NON- LINEAR TEMPERATURE GRADIENT REQUIRES A NUMBER O F  KNOWN TEMPERATURES 

A LARGER NUMBER O F  TEMPERATURE READINGS WILL PRODUCE MORE 
IT IS QUITE POSSIBLE THAT THE KNOWN TEMPERATURES WILL 

IT IS SUGGESTED THE TEMPERATURE VS. DIMENSION D B E  

DIMENSION (DI IS FOUND BY ADDING THE TNCREMENTAL WIDTH CHANGE OF EQUAL 

3.2.1 T H E  DIMENSION (D) IS DIVIDED INTO AN EVEN NUMBER O F  EQUAL WIDTH PANELS. 

THE EQUATION T O  COMPUTE THE CHANGE IN DIMENSION IS AS FOLLOWS: 

A D  'E 
3 

[(Yo + Yn)  f 4 (Yi  Y3 + Y5 +. .. f Yn-l) f 2  (Y2 + Y4 + Y6 + . . e  Y,-z )] 
WHERE: H = PANEL WIDTH (INCHES) 

Yo= UNIT GROWTH (IN/IN) = ( a o )  
Yi= UNIT GROWTH (IN/IN) = (al) ( ( To ); A T  STATION O 

A TI ); A T  STATION 1 
yZ= UNIT GRoWTH:(IN/IN) = (a2) 
yn= UNIT GROWTH (WIN) = ' ( a n )  

'( A Tz ); AT STATION 2 
( A T, ); AT STATION n 

AT STATIONS 11011 THROUGH 'In"; ( "F). 

ao-- n= MEAN COEFFICIENT OF EXPANSION AT STATIONS  lo^^ THROUGH 'an"' , (IN/IN- O F )  

ATO- n= STEADY STATE TEMPERATURE, RELATED T O  ROOM TEMPERATURE, 

n- NUMBER O F  PANELS, MUST BE EVEN. 

NOTE: T H E  VALUES GIVEN F O R  THE MEAN COEFFICIENTS O F  THERMAL EXPANSION IN TABLE I 
A R E  COMPOSITES O F  DATA RECEIVED FROM PRIME MATERIAL MANUFACTURERS, 

-- 

'i 

                                                                    
                                         
                                                                    
                                         

 
Distributed under license from the IHS Archive
 
 

                                                                                          

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r80

9

https://saenorm.com/api/?name=0e04f888ba33d2861d9e7766869b9bd9


PAGE - 2 

3.3 EXAMPLES O F  METHOD I 

3.3.1 FIND THE CHANGE OF A 6.00 INCH DIMENSION O F  STAINLESS S T E E L  TYPE 347 MATERIAL, 
THE FINAL STEADY STATE TEMPERATURE IS 1000 O F .  

COEFFICIENT O F  THERMAL EXPANSION IS 10.1 IN/IN-OF. USING THE EQUATION 
IN PARAGRAPH 3.1, THE CHANGE IN DIMENSION IS AS FOLLOWS: 

(6.00) (10.1) (10- ) (930) = .O5636 INCHES 

FROM TABLE I, THE MEAN 

6 A D  

THE DIMENSION AT THE FINAL STEADY STATE TEMPERATURE IS 6.05636 INCHES. 

3.3.2 FIND THE CHANGE O F  A 8.00 INCH DIMENSION O F  STAINLESS S T E E L  TYPE 321 MATERIAL. 
THE FINAL STEADY STATE TEMPERATURE IS A LINEAR DISTRIBUTION FROM 200 ?I? TO 
1000 O F .  THE EIGHT (8) EQUAL PANELS O F  1.00 INCH WIDTH ARE ARBITRARILY CHOSEN, 
A T  AT STATIONS "o" THROUGH "fi" ARE AS FOLLOWS: 

A T ,  = 130OF 
A T 1  = 230'F 
A T 2  = 330'F 
A T 3  = 430°F  
A T 4  = 530'F 

A T , =  630'F 
AT,= 730°F 
AT,= 830°F  
A T 8 =  930OF 

3 . 3 . 2 . 1  FROM TABLE I, THE MEAN COEFFICIENTS O F  THERMAL EXPANSION, AT THE FINAL 
STEADY STATE TEMPERATURE FOR EACH STATION, ARE USED FOR TYPE 321 STAiNLESS 
S T E E L  MATERIAL. THE UNIT GROWTH A T  STAT1ONS"o" THROUGH'h" ARE AS FOLLOWS: 

Y, = (130) (8.30) = 1.079 IN/IN 
Y 1  (230) (8.60) (IOm6) = 1.978 (iom3) IN/IN 
Y2 = (330) (8.80) ( I O m 6 )  = 2,904 (iom3) IN/IN 
Y3 = (430) (9.05) ( lom6) 3.891 IN/IN 
Y 4  = (530) (9.20) = 4.876 IN/IN 
Y5 = (630) (9.35) ( loe6)  = 5.890 (IOm3) IN/IN 
Y6 = (730) (9.50) = 6.935 ( lom3)  IN/IN 
Y7 = (830) (9.60) = 7.968 (lom3) IN/IN 
Y 8  = (930) (9.70) ( l o d 6 )  = 9.021 (iom3) IN/IN 

3 .3 .2 .2  USING THE EQUATION IN PARAGRAPH 3.2.1, THE CHANGE IN DIMENSION IS AS FOLLOWS: 

(1.079 t 9.021) t 4 (1.978 t 3.891 t 5.890 t 7.968) t 2 (2.904 t 4.876 t 6. 935) [ I A D  = 1.00 
3 

A D  = ,03948 INCHES 

THE DIMENSION A T  THE FINAL STEADY STATE TEMPERATURE IS 8.03948 INCHES, 
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3. 3.3 FIND T H E  CHANGE O F  A 12.00 INCH DIMENSION @F 52100 LOW ALLOY STEEL MATERIAL. 

O F  1.20 INCH WIDTH ARE ARBITRARILY CHOSEN. THE TEMPERATURES A T  STATIONS " O ' I  THROUGH 

T H E  
FINAL STEADY S T A T E  TEMPERATURE IS A NON-LINEAR DISTRIBUTION. T E N  (10) EQUAL PANELS 

tin" A R E  SHOWVN IN FIGURE 1. 

TEMPERATURE 

STATIONS - O I 2 3 4 5 6 7 8 9 IO 
F IGURE I .  

3.3.3.1 T H E  MEAN COEFFICIENTS OF THERMAL EXPANSION IS NOT GIVEN IN TABLE I FOR A L L  OF THE 
STATIOXS REQUIRED. INTERPOLATION B E T  WEEN THE TWO NEAREST VALUES IS NECESSARY. T H E  
VALUE OF CX AT STATIONS l i ~ l l  THROUGH 'Inrn ARE AS FOLLOWS: 

C o  = al = 
CY2 = 
c 3  = 
: 2 4  = 
a5 = 
a6 = 
a7 = 
? 8  = 
a 9  = 

a 1 0  = 

-6 
7.335 
7. 2325 
7.12 
7.12 
7. 1575 
7. 2325 ( 
7. 3675 
7.51 ( lom6)  
7. 695 ( lom6)  
7.825 
7.95 (10 ) 

INCHES/INCH - OF 

INCHES/INCH - OF 

INCHES/INCH - OF 

INCHES/INCH - OF 

INCHES/INCH - OF 

INCHES/INCH - OF 

INCHES/INCH - OF 

IIKHES/INCH - OF 

INCHES/INCH - OF 

INCHES/INCH - O F  

INCHES/INCH - O F  

3.3.3.2 T H E  U N T  GROWTH AT STATIONS "o" THROUGH 'h" ARE AS FOLLOWS: 

-6  -3 
Y ,  = (480) (7.335) = 3.521 ( lom3)  IN/IN 
Y1 = (405) (7. 2325) = 2.929 IN/IN 
Y 2  = (330) (7. 12) (10-6) = 2.350 IN/IN 
Y 3  = (330) (7. 12) (10-6) = 2.350 IN/IN 
Y 4  = (355) (7.1575) = 2.541 IN/IN 
Y5 = (405) (7.2325) (10-6) = 2.929 IN/IN 
y 6  = (505) (7.3675) = 3. 720 IN/IN 
Y 7  = (580) (7.51) (10-6) = 4.356 IN/IN 
Yg = (680) (7.695) ( l o m 6 )  = 5.233 ( lom3)  IN/IN 
Y 9  = (780) (7. 825) = 6 .  103 IN/IN 
y10 = (930) (7.95) (10 ) = 7.393 (10 ) IN/IN 

3.3.3.3 USING T H E  EQUATION IN PARAGRAPH 3.2.1, THE CHANGE IN DIMENSION IS AS FOLLOWS: 

(3.521 t 7.393) +4 (2.929 + 2.350 t 2.929 + 4.356 t 6. 103) t2(2.350 t 2.541 + 3.720 t 5.233) 1 ar, = 1.20 

D = .O4531 

T H E  DIMENSION A T  T H E  FINAL STEADY STATE TEMPERATURE IS 12.04531. 

                                                                    
                                         
                                                                    
                                         

 
Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r80

9

https://saenorm.com/api/?name=0e04f888ba33d2861d9e7766869b9bd9


S A E  AIR8809 

PAGE - 4 

METHOD II: THIS SOLUTION USES A POLYNOMIAL EQUATION BASED ON flFITTING'r  THE BEST 
CURVE THROUGH POINTS O F  A UNIT GROWTH VS. TEMPERATURE CURVE, 

4 .1  TABLE II LISTS TEMPERATURE FACTORS GOTHROUGH C 3 .  THESE FACTORS, USED IN THE 
POLYNOMIAL EXPRESSION, DEFINE THE UNIT GROWTH VS. TEMPERATURE CURVE OF A 
PARTICULAR MATERIAL THROUGH THE USEFUL TEMPERATURE RANGE, 

UNIFORM TEMPERATURE DISTRIBUTION: T O  SOLVE FOR THE CHANGE IN DIMENSION O F  A 
MATERIAL WITH UNIFORM TEMPERATURE DISTRIBUTION. THE FOLLOWING EQUATION IS 
USED: 

4 , 2  

A D  = (C, t C 1 T  t C 2 T 2 t  C 3 T 3  ) D 

WHERE: 

T FINAL STEADY STATE TEMPERATURE ( %  ) 
Co THROUGH C3 = TEMPERATURE FACTORS FROM TABLE II. 

4.3 NON-UNIFORM TEMPERATURE, LINEAR DISTRIBUTION: T O  FIND THE CHANGE IN DIMENSION 
O F  A MATERIAL SUBJECTED T O  A LINEAR TEMPERATURE GRADLENT, THE FOLLOWING 

WHERE: 

To= FINAL STEADY STATE TEMPERATURE AT D = ZERO INCHES ( -%) 
Td= FINAL STEADY STATE TEMPERATURE AT D D INCHES ( ?I?) 

4.4 NON-UNIFORM TEMPERATURE, NON-LINEAR DISTRIBUTION: T O  FIND THE CHANGE IN 
DIMENSION O F  A MATERIAL SUBJECTED T O  A NON-LINEAR TEMPERATURE GRADIENT, 
THE FOLLOWING EQUATION IS USED T O  DETERMINE THE UNIT GROWTH AT STATIONS 
"o" THROUGH "n". 

'0-n = [('ot 'iTo-n 'ZTo-n 2 ' C3To-n) ] (10-3) 

WHERE: YOC n = UNIT GROWTH AT ANY STATION "o" THROUGH 'hS1, (IN/IN), 
T~ -n= FINAL STEADY STATE TEMPERATURE AT ANY STATION 110'1 THROUGH 'InIl, ( %l. 

THE REMAINDER O F  THE SOLUTION IS AS DEFINED IN PARAGRAPH 3.2.1. 

4 .5  EXAMPLES O F  METHOD II. 

4 . 5 . 1  FIND THE CHANGE IN DIMENSION FOR T H E  EXAMPLE STATED IN PARAGRAPH 3.3.1 
WHERE: 

T = 1000 ?I? 
T2 = 1000 (10 3 ,  ?I? 
T,3 = 1000 ( i 0 6  ) 9 

c3 = -1.54 (10-9 

Co = - .63 
C1 = t 8 . 2 2  (lo-: ) 
C2 = +3.29 (10- ) 

4.5 .1 .1  USING THE EQUATION IN PARAGRAPH 4.2,  THE CHANCE IN DIMENSION IS A S  FOLLOWS: 

A D  = ,05604 INCHES 

THE DIMENSION AT T H E  FINAL STEADY STATE TEMPERATURE IS 6.05604 INCHES. 

m 

:/ 
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4.5.2 FIND THE CHANGE IN DIMENSION FOR THE EXAMPLE STATED IN PARAGRAPH 3.3.2. 
.- 

WHERE: T o  
T d  
(To+ T d j 2  
(To+ T d ) 3  
(To+ T d  ) 
(To T d )  
CO 
C 1  
c 2  
c 3  

= 200 O s  

= 1.2 (103  o% 

= 1.728 (109) ?F 
= .20 (109  ?F 

= + 1.00 (10-6) 

= 1000 F 

= 1.44(10$ F 

= -.67 
= + 8.66 (lom3) 

= 0.00 

4.5.2.1 USIKG THE EQUATION IN PARAGRAPH 4.3, THE CHANGE IN DIMENSION IS AS FOLLOWS: 

AD= -.67 t (8.66) (lom3) (1.2) ( lo3  ) + (1.00) (10-6) (1.44 - .20) ( l o 6 )  

6 D  = .O3951 IKCHES 

TEE DIMENSION A T  THE FINAL STEADY STATE TEMPERATURE IS 8.03951. 

(8.00) [ 2 3 -1 

4.5.3 FIND THE CHANGE IN DIMENSION FOR THE EXAMPLE STATED IN PARAGRAPH 3.3.3. 

WHERE: Co = -.42 
c1 = +5.76 (10-3) 

c3 = -i. 17 (10-9) 
C2 = f3 .23 

4.5.3.1 USING THE EQUATION IN PARAGRAPH 4.4, THE UNIT GROWTH AT STATIONS "o" THROUGH 'Inil ARE 
AS FOLLOWS: 

To = 550°F; Yo = 3.530 
T 1  = 475OF; Y1 = 2.919 
T2  = 400 O F ;  Y2 = 2. 326 
T 3  = 400°F; Y3 = 2.326 
Tq = 425OF; Y4 = 2.522 
T 5  = 475OF; Y5 = 2.919 

T7  = 650'F; Y7 = 4.367 
Tg = 750°F; Y8 = 5.223 
T9  = 850°F; Y9 = 6.091 
T10= 1000°F; Yl0= 7.400 

T 6  = 575OF; Y6 = 3.738 

IN/IN 

(IO- ) IN/IN 

IN/IN 
(10'~) IN/IN 
(10 '~)  IN/IN 

IN/IN 

(io- ) INIIN 

(10-3) IN/IN 

(10-3) IN/IN 
(10- ) IN/IN 

(10-3) IN/IN 

4.5.3.2 USING THE EQUATION IN PARAGRAPH 3.2.1, THE CHANGE IN DIMENSION IS AS FOLLOWS: 

(3.530 + 7.400) +4 (2.919 + 2.326 + 2.919 t 4.367 + 6.091) t2 (2.326 + 2.522 + 3.738 f5.223) lo-' 1 
A D  = .O4521 IEU'CHES 

THE DIMENSION A T  FINAL STEADY STATE TEMPERATURE IS 12.04521 INCHES. 

PREPAREDBY 
SAE COMMITTEE E-21, DESIGN AND GENERAL STANDARDS FOR AEROSPACE PROPULSION SYSTEMS 
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